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DOCKETED

MAY 0 6 2003
IN THE UNITED STATES DISTRICT COURT

FOR THE NORTHERN DISTRICT OF ILLINOIS EASTERN DIVISION

OLE K. NILSSEN and ) S
GEO FOUNDATION, LTD. ) ”’ﬁ | L D0
)

Plaintiffs, ) Civil ACUOII No
)

V. )

F ) JURY TRIAL DEMANDED
OSRAM SYLVANIA, INC. and
OSRAM SYLVANIA PRODUCTS, INC
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Plaintiffs, Ole. K. Nilssen (“Nilssen”) and Geo Foundation, Ltd. (*(eo
Foundation™), by their undersigned attorneys, complain of Defendants, Osram Sylvania, Inc. and
Osram Sylvania Products, Inc., and allege as follows:
1. This Complaint comprises a single count for patent infringement.
A. Jurisdiction and Venue
2. Jurisdiction arises under 28 U.S.C. § 1338(a).
3. Venue is proper in this Court pursuant to 28 U.S.C. § 1391.
B. The Parties
4. Plaintiff, Ole K. Nilssen, is a domiciliary, and therefore a citizen, of
Florida.
5. Plaintiff, Geo Foundation, is a not-for-profit corporation incorporated in

the Cayman Islands, British West Indies.
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6. Defendant, Osram Sylvania, Inc., is a Delaware corporation with
headquarters in Danvers, Massachusetts.

7. Defendant, Osram Sylvania Products, Inc., 1s a wholly owned subsidiary rof
Osram Sylvania, Inc. and a Delaware corporation with headquarters in Danvers, Massachusetts.

8. Defendants have been, and are currently, in the business of making and
selling electronic ballasts and compact fluorescents. Defendants sell elecironic ballasts and
compact fluorescents throughout the United States, including locations within the Northemn
District of Tllinois.

9. Defendants’ selling and offering for sale electronic ballasts and compact
fluorescents within the Northern District of Tllinois demonstrate continual and systematic
contacts by_the Defendants within the Northemn District of Illinois.

10.  In addition, Defendants” selling and offering for sale electronic ballasts
and compact fluorescents within the Northern District of [llinois establish minimum contacts as
such contacts were made for purposes of availing the Defendants of the privilege of doing
business within the Northern District of Illinois.

11.  Defendants’ selling and offering for sale clectronic ballasts and compact
fluorescents within the Northern District of Tllinois give rise to and are related to Plaintiffs’ cause
of action for patent infringement.

12.  Exercising jurisdiction over Defendants in the Northem District of Illinois

is consistent with traditional notions of fair play and substantial justice.
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C. Background

13'. Nilssen is in the business of identifying, formulating plans for, developing
knowhow and technology for, and implementing (via license agreements) promising new
business opportunities in the field of electronics, including electronic ballasts.

14. Nilssen is the inventor and owner of United States Patents Nos. 4,882,663,
4,935,669, 5,049,787, 5,404,083, 5,489,823, 5,550,439, 5,710,488, 5,710,489, 5,757,140,
6,121,733, 6,172,464, 6,211,619, 6,211,625, 6,472,827, 6,479,074 and 6,495,969 (“the patents-
m-suit”™).

15. Geo Foundation has been an exclusive licensee of the patents-in-suit since
January 1, 2000, with an exclusive right to license others.

16.  Geo Foundation has anthorized Nilssen to negotiate patent license
agreements on its behalf as a prospective licensor of the patents-in-suit, and Nilssen has
negotiated én behalf of Geo Foundation, Ltd.

17.  The electronic ballasts and compact fluorescents that Defendants
manufacture and sell infringe the patents-in-suit.

18. On information and belief, Defendants have had knowledge of the patents-
in-suit since sometime after their issnance and have knowingly and without justification
infringed upon these patents.

19.  Plaintiffs have the right tb bring suit with respect to each of the patents-in-
suit.

20.  Defendants have in the past and continue to make, use and sell electronic
ballasts and compact fluorescents embodying the inventions claimed in each of the patents-in-

suit and will continue to do so unless enjoined by this Court.
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21.  Oninformation and belief, Defendants have in the past and continue to
willfully mnfange each of the patents-in-suit.

22.  Inthe United States, purchasers of electronic ballasts made and sold by
Defendants have used in the past and continue to use the electronic ballasts in combination with
other components, including power sources and fluorescent lamps, thereby infringing each of the
patents-in-suit.

23. On information and belief, each electronic ballast made and sold by
Defendants was designed to be used in connection with a power source and one or more
flnorescent lamps.

24.  On information and belief, Defendants knew of each of the patents-in-suit
at all relevant times before selling electronic ballasts to said purchasers.

25.  Defendants have in the past and continue to manufacture, use, offer for
sale, and sell electronic ballasts that constitute a material component of each patent-in-suit and
which have no substantial use other than as an infringement of the patents-in-suit.

26.  On information and belief, Defendants knew and intended that purchasers
of Defendants” electronic ballasts use the electronic ballasts in combination with other
components, including power sources and fluorescent lamps, so as to infringe each of the
patents-in-suit.

27.  Oninformation and belief, Defendants have actively induced purchasers of
Defendants’ electronic ballasts to use the electronic ballasts in combination with other
components, including power sources and fluorescent lamps, so as to infringe each of the

patents-in-suit.
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WHEREFORE, Plaintiffs pray that judgment be entered against Defendants:

(a) awarding damages and prejudgment interest to plaintiff under 35 U.S.C.
§284;

(b) enjoining Defendanis from making, using or selling electronic ballasts and
compact fluorescents embodying the patented invention;

(c) enjoining Defendants from contributorily infringing and inducing the
infringement of the patented inventions;

(d) mcreasing Plaintiffs” actual damages under 35 U.S.C. §284;

(e) awarding Plaintiffs reasonable attorney fees under 35 1.S.C. §285; and

43 awarding such other relief as the Court deems proper.

Dated: May 2, 2003 Respectfully Submitted,

)]

Raymond N./ANi imréd
George S. Bosy

John E. Titus

Gregory D. Bonifield
ROPER & QUIGG

200 South Michigan Avenue
Suite 1000

Chicago, Illinois 60604
Telephone: (312) 408-0855

Attorneys for Plaintiffs
Ole K. Nilssen and
Geo Foundation, Ltd.
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(571 ABSTRACT

In a flyback converter, a 15 Amp N-channel power
MOSFET is driven to saturation by a gate voltage
derived by connecting the gate to the relatively high-
magnitude (150 volt) B4 voltage by way of a resistor of
relatively high resistance (about 20 kilo-Ohm). Current
flowing through this resistor causes the gate capaci-
tance {3600 pico-Farad) to charge at a rate of about 2
Volt per micro-second. Since the forward transcon-
ductance of the MOSFET is 6 mhos or more, a situation
has been established where the MOSFET is eifectively
fully switched ON 23 long as the MOSFET's drain
current does not rise at a rate higher than about 12 Amp
per micro-second.

Eventually, the magnitude of the gate voltage reaches a
predetermined maximupm level (about 20 Volt), at
which point a threshold device, which is connected
between gate and source, breaks down and rapidly
discharges the base capacitance, thereby rapidly switch-
ing the MOSFET into a non-conducting state.

An ordinary bi-polar control transistor is also con-
nected between gate and source, and this control tran-
sistor is made conductive by a small current from a
secondary winding on the flyback inductor. This con-
trol transistor makes the threshold device de-latch and
also keeps the gate shorted to the source for as long as
the flyback inductor is in the process of discharging its
energy.

12 Claims, 2 Drawing Sheets
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1
MOSFET FLYBACK CONVERTER

This is a continvation of Ser. No. 812,721 filed Dec.
23, 1985, now abandoned.

BACKGROUND OF THE INVENTION

1. Field of Invention

The present invention relates to flyback converter-
type power supplies, particularly of a type using MOS-
FET devices and having means to control the output.

2. Prior Art .

Flyback converter-type power supplies using MOS-
FET devices are well known. However, compared with
the actual drive requirements of a MOSFET in a fly-
back converter, present drive circuits are relatively
complex and/or costly. g

SUMMARY OF THE INVENTION
Objects of the Invention

An object of the present invention is that of providing
a particularly simple and cost-effective drive and cogn-
trol circuit for 8 MOSFET flyback converter.

These as welt as other important objects and advan-
tages of the present invention will become apparent
from the following description.

BRIEF DESCRIPTION

In a flyback converter, a 15 Amp N-channel power
MOSFET (an MTM15N40 from Motorola) is driven to
saturation by a gate voltage derived by connecting the
gate to the relatively high-magnitude (150 Volt) B+
voltage by way of a resistor of relatively high resistance
{about 20 kilo-Ohm}. Current flowing through this re-

sistor causes the gate capacitance (3600 pico-Farad) to

charge at a rate of about 2 Volt per micro-second. Since
the forward transconductance of this particular MOS-
FET is 6 mhos or more, a situation is thereby estab-
lished by which the MOSFET exists in a substantially
fully conductive state as long as the MOSFET"s drain
current does not rise at a rate higher than about 12
Ampere per micro-second. '

In this connection, it should be noted that—-—with 2
B+ voltage of 150 Volt—the flyback inductor may
have an inductance as low as about 15 micro-Henry
without giving rise to a sitwmation wherein the drain
current rises so fast as to cause the MOSFET to go out
of satvration. - - .

Eventually, the magnitrde of the gate voltage
rezches a predetermined maximum level (20 Volt), at
which point a threshold device, such a3 a low-voltage
so-called Sidac, connected between gate and source,
breaks down and rapidly discharges the base capaci-
tance, thercby rapidly switching the MOSFET into a
non-conducting state. - .

An ordipary bi-polar comntrol transistor is also con-
nected between gate and source, and this control tran-
sistor is made periodically conductive by a small cur-
rent from a secondary winding on the flyback inductor.
This control transistor makes the threshold device de-
latch and also keeps the gate shorted to the source for as
long as the flyback inductor is in the process of dis-
charging its energy. Thus, since the MOSFET can not
enter its conductive state until after the flyback inductor
i fu].ly dig:lmrgcd. eHective protection against shost
circuiting is attained.

Adjusting the magnitude of the resistor connected
between B and the gate causes a corresponding ad-
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2

justment of the length of the period daring which the
MOSFET exists in a conductive state; which means that
the amount of power provided at the output of the
flyback coaverter power supply is correspondingly
adjusted: the shorter the length of the MOSFET ON-
time, the less power transferred.

In a typical application, the flyback converter is used
for powering a magnetron in a microwave oven, and
operates at a frequency adjustable around 30 kHz

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 provides a schematic circuit diagram of a
basic version of the preferred embodiment of the inven-
tion.

FIG. 2 provides a schematic circuit diagram of a
modified version of the preferred embodiment.

FIG. 3 shows voltage and current waveforms associ-
ated with both embodiments.

PROBLEM SITUATION UNDERLYING
INVENTION

The present invention is not aimed at solving any
expressly enunciated problems associated with flyback
converter-type power supplies. Rather, it is based on a
combination of perceptions and recognitions related to
how it may be possible to improve and simplify such
power supplies to a significant degree, especially in
connection with the use of MOSFET devices. Some of
these perceptions and recognitions are identified as
follows.

1. In 2 MOSFET flyback-type power supply, the
normal modus operandi is that of the MOSFET being
used as an ON/OFF switch in such manner as periodi-
caily to connect and disconnect an inductor (the flyback
inductor) with/from a source of DC voltage. When
initially connected, current through the inductor, and
therefore through the MOSFET, is zero; but thereafter,
as long as the MOSFET conducts in an effective man-
ner, the current rises in a substantially linear manner at
a rate determined by the magnitude of the appilied DC
voltage divided by the inductance of the flyback induc-
tor. .

When the current throngh the MOSFET is low, a
relatively low-magnitude gate voltage is sufficient to
keep the MOSFET saturated. However, as curent
through the MOSFET increases, the gate voltage muost

exhibit a correspondingly increasing magnitude.

Thus, it is seen that it is not necessary to drive the
MOSFET wilh a squarewave voltage—which is what
is normally done in such situations. Rather, it becomes
possible to drive the MOSFET to saturation by way of
a relatively slowly rising voltage—such as may be at-
tained by a simple R-C integrating arrangement, where
the C could be the gate input capacitance of the MOS-
FET.

As a result, a fully adequate gate drive may be at-
tained by the very simple means of connecting a resistor
between the gate and the B4 terminal of the DC volt-
age supply.

2. When the gate voltage in a MOSFET exhibits a
more-or-less linearly rising magnitude, it becomes par-
ticularly simple to provide for a control means opera-
tive to abrupitly bring the magnitude of the gate voltage
back down to near-zero (Lc., to discharge the base input
capacitance), and thereby to efficiently and rapidly
switch the MOSFET into a non-conductive state.
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This control means can simply be a bistable threshold
device, such a3 a Sidac-type or unijunction-type device,
so selected or designed as to precipitously change from
a relatively high resistance value to a relatively low
resistance value as soon as the magnitude of the voltage
across it reaches a predetermined level.

3. When the MOSFET switches into a non-conduc-
tive state, the voltage across the flyback induetor re-
verses its polarity; which implies that an auxiliary wind-
ing on this inductor can provide a reverse voltage for as
long as the inductor is in the process of discharging its
energy. This reverse voltage can then be used to cause
the bistable threshold device to de-latch as well as to
maintain the gate voltage at a near-zero magaitude until
the inductor has finished discharging its energy.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Details of Construction

FIG. 1 shows an AC voltage source S, which in
reality is an ordinary 120 Volt/60 Hz electric utility
power line.

Connected to § is a full-wave rectifier FWR. that
rectifies the AC voltage from S and provides the recti-
fied current to a filter capacitor FC, wherefrom is pro-
vided a substantially constant-magnitude DC voltage
between a positive power bus B+ and a negative power
bus B—.

Connected between the B4 bus and drain terminal
DT of a MOSFET Qm is the primary winding of a
flyback transformer FT. Source terminal ST of MOS-
FET Qm is connected with the B— bus.

Transformer FT has a first secondary winding SW1
and a second secondary winding SW2. One terminal of
winding SW1 is connected with the anode of a2 magne-
tron M; which anode is connected to ground. The other
terminal of winding SW1 is connected with one of the
terminals of winding SW2. The two terminals of wind-
ing SW2 are connected with the two terminals of the
thermionic cathode of magnetron M.

Flyback transformer FT has an auxiliary winding
AW, one terminal of which is connected with the B—
bus, the other terminal of which 18 connected with the
anode of a clamping rectifier CR. The cathode of recti-
fier CR. is connected with the B4 bus.

A first resistor R1 is connected between the B+ bus
and gate G of MOSFET Qm and a second resistor R2 is
connected between gate G and the B— bus. A third
resistor R3 is connected in series with a threshold de-
vice TD to form a series-combination; which seres-
combination is connected between gate G and the B—
bus.

A control transistor Qc is connected with its collec-
tor to gate G and with its emitter to the B— bus. A
diode D is connected with its cathode to the base of
transistor Qc and with its anode to the B— bus. A
fourth resistor R4 is connected between the base of
transistor Qc and the anode of clamping rectifier CR.

The circuit of FIG. 2 is identical to that of FIG. 1
except in two respects.

First, a photo-sensitive resistor PSR is connected in
parallel with resistor R1; and this photo-sensitive resis:
tor is placed near to and in photo-responsive relation-
ship with 2 photo-emitting means PEM, which is con-
nected with and acruated from a pair of control termi-
nals CT.

Second, between the terminals of winding SW1 and
magnetron M are interposed: (i) a high voltage rectifier
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HVR having its anode connected with one of the termi-
nals of winding SW1, (i) a capacitor C connected be- .
tween the cathode of rectifier HVR and the other termi-

nal of winding SW1, and (iii) an inductor L connected |
between the cathode of rectifier HVR and the anode of -
magnetron M.

Explanation of Waveforms

FIG. 3 shows the waveform of the voltage at gate G
of MOSFET Qm as observed with reference to the B—
bus.

FIG. 3b shows the corresponding voltage at drain
terminal DT of the MOSFET.

FIG. 3¢ shows the corresponding current flowing
through the primary winding of transformer FT and
into drain terminal DT of the MOSFET.

FIG. 3d shows the corresponding current flowing
out from first secondary winding SW3 and into the
ancde of magnetron M.

Description of Operation

The operation of the power supply arrangement of
FIG. 1 may be explained as follows. ;
In FIG. 1, after having been connected with the
power line, a substantially constant-magnitude DC volt-
age exists between the B+ bus and the B— bus. As a
result of this DC voltage, a unidirectional current flows
through resistor R1 (aboat 20 kOhm) and into the ca- -
pacitance (about 3600 pF) of gate G, thereby causing
the voltage on the gate to rise in a substantially linear
manner. (The value of R2 is about 1.0 megOhm and has

negligible effect on the circuit’s operation as herein ¥

relevant.)

As the magnitude of the gate voltage rises—assuming
a starting point of near-zero veltage—ihe MOSFET
(Ex: Motorola type MTM15N40) will soon become
conductive (after 2 micro-seconds or so and at about
3.5-4.0 Volt), and current will start to flow through the
primary winding of flyback transformer FT.

The magnitude of the gate voltage will keep on rising
until it reaches a magnitnde (just under 20 Volit) at
which threshold devide TD will break down and be-
come conductive, thereby effectively placing resistor
R3 (about 12 Ohm) in shunt between the gate and
source terminal ST; which, in turn causes the gate ca-
pacitance to rapidly discharge, thereby bringing the
magnitede of the gate voltage back down to near-zero
within a timespan of 100 nano-seconds or so.

As long as the MOSFET existed in 2 saturated con-
ductive state, substantially the full B+ voltage was
applied across the primary winding of the flyback trans-
former; which transformer has a substantial built-in
inductance; which, in turn, is to say that the transformer
must have an air-gap. In other words, during this MOS-
FET's ON-period, the magnitue of the voltage on the
drain terminal (DT} is near-zero when referenced to the-
source terminal (ST) or the B— bus.

As Jong as the B4 voltage is present across this pri-
mary winding, energy becomes stored in the inductance
of the transformer; and at the end of the MOSFET
conduction period—i.e., at the point just before the
MOSFET ceases to conduct—the energy stored is
equal to the amount of energy needed by the magnetron
for each cycle of the inverter. Thus, at an inversion
frequency of 33 kHz and a magnetron power reguire-
ment of 800 Watt, the energy required per inversion
cycle {or per flyback cycle) is about 24 milli-Toule,
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which is to say that the energy that must be stored in the
inductance of the flyback transformer at the end of the
period of the MOSFET being conductive, must be
zbout 24 milli-Joule. (With a B+ voltage of 150 Volt,
this implies that the magnitude of the current flowing
through the MOSFET just prior to turn—off is on the
order of about 16 Ampere, assuming an effective MOS-
FET ON-period of about 10 micro-seconds per cycie.)

With inductive energy stored in the fiyback trans-
former, and with the gate voltage reduced to near-
zero—thereby switching OFF the MOSFET—the volt-

- age on the drain terminal (DT) rises to the point of
becoming limited by whalever might be loading the
trapsformer. Under normal operating corditions, this
loading would be due to the magnetron.

The voltage transformation ratio of the flyback trans-
former is so arranged that the magnitude of the reverse-
voltage resulting across the primary winding of the
flyback transformer (during the period when the stored-
up energy discharges itself into the magnetron) is about
£5 Volt. As a pecessary consequence, it takes about 18
miero-seconds for the inductive energy in the flyback
transformer to discharge itself into the magnetron.

According to above considerations, just after the
point is reached at which the threshold device (TD)
breaks down and causes the magnitude of the gate volt-
age to drop to near-zero (thereby switching the MOS-
FET off), the magnitude of the voltage on the drain
terminal (DT) increases from near-zero to about 85 Volt
higher than the B+ voltage; which, due to the chosen
primary-to-auxiliary turns-ratio, makes the magnitude
of the voltage across auxiliary winding AW about 60
Volt.

With abount 60 Volt present at the point to which
resistor R4 13 connected with the anode of rectifier CR,
current starts flowing into the base of tramsistor Qe,
which therefore will become conductive, thereby pre-
venting the voitage on the gate of the MOSFET from
rising as long as the inductive energy in the flyback
transformer is being discharged (i.e., for as long as the
60 Volt is present).

As soon as the inductive energy has been completely
discharged, the magnitude of the voltage feeding resis-
tor R4 fails to near-zero; and transistor Qc now ceases
to conduct. At this point, the MOSFET gate voltage
starts rising again (at a rate of about 2 Volt per micro-
second); and, about 2 micro-seconds later, the gate volt-
age will have reached a magnitude (4 Volt large enough
to cause the MOSFET once more to start conducting;
from which point the cycle repeats.

With transformer winding polarities as indicated, the
magnetron will conduct during the period when the
flyback transformer discharges its energy. However,
being in effect an electronic diode, the magnetron does

not conduct (between its cathode and anode) during the .

period when the flyback transformer is being charged
up. During that time, it only draws the relatively mod-
est level of power associated with heating the cathode.

During the short period before the magnetron is op-
erable 10 represent an effective load to the flyback
transformer—i.e., while the thermionic cathode is in the
process of becoming incandescent—most of the energy
stored in the flyback transformer will be discharged
back into filter capacitor FC by way of clamping recti-
fier CR. Puring this mode of operation, the voltage
present across the aunxiliary winding must by necessity
be equal to the B4 voltage (.c, about 150 Volt).

60
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The operation of the circuit arrangement of FIG. 2 is
in most respects identical to that of FIG. 1. However, in
addition to the obvious differences associated with the
filtering of the magnetron current and the control pro-
vided by the photo-sensitive resistor (PSR) and the
photo-emitting means (PEM), a few changes in timing
and turns-ratios have been made.

In FIG. 2, the MOSFET ON-time has been increased
to about 13 micro-seconds; and the MOSFET OFF-
time has been decreased to about 15 micro-seconds
(which stll leaves a dead period of about 2 micro-
seconds). Also, as a necessary corollary, the voltage
present across the auxiliary winding during the dis-
charge of the inductive energy from the flyback trans-
former has been increased from 85 Volt to about 130
Volu

As additional consequences of these different values
of MOSFET ON-time and QFF-time, the peak MOS-
FET drain current is reduced from 16 Ampere to about
13 Ampere, and the maximum voltage presented to the
magnetron is now limited to being only a little higher
than its normal operating voltage.

The operation of the control arrangement consisting
of the photo-sensitive resistor and the photo-emitting
means is explained as follows.

With no light provided by the photo-emitting means,
the resistance of the photo-sensitive resistor is very high
in comparison with that of R1; which means that the
control arrangement has no effect under this condition,
and that the magnetron now receives its maximum flow
of power. However, as light is provided to PSR (as
emitted from PEM—which, in turn, results from cur-
rent provided to control terminals CT) its resistance
decreases, thereby giving rise to a shoriening of the time
it takes for the capacitance of the MOSFET gate to
charge to a given voltage level.

Thus, with light provided to the photo-sensitive resis-
tor, the MOSFET ON-time is shortened; which implies
that the power provided to the magnetron will be re-
duced.

In this connection, it should be noted that—while
flyback conversion frequency will increase essentially
as a linear function of shortened ON-time—the energy
stored and transferred to the magnetron per cycle will
decrease as 2 square function of the shortening of the
ON-time; which explains why the net power provided
to the load will decrease substantially in linear relation-
ship with the decreased ON-time.

Additional Comments

(2) The waveforms of FIG. 3 are principally refevant
in connection with the circuit arrangement of FIG. 1.
However, except for the waveform of FIG. 34 and for
the somewhat different proportioning of MOSFET
ON-times versus OFF-times, they are also applicable to
the circuit arrangement of FIG. 2.

(b) There are simple ways by which the 2 micro-
second dead period (see FIG. 3) may be substantially
eliminated. For instance, by the use of a Zener diode
connected in series between the emitter of transistor Qc
and the B— bus, and by having the one terminal of the
PUT connected with this emitter rather than with the
B— bus, it is readily possible to assure that the MOS-
FET gate capacitance never gets discharged further
than necessary to assure complete MOSFET turn-off.
With most presently common MOSFETS, this would
imply the use of a Zener diode with a Zener voltage of
about 3 Volt.
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(c) Due to the filtering by capacitor C and inductor L.
in the circuit arrangement of FIG. 2, the anode current
provided to the magnetron iz that arrangement be-
comes continuous and substantially constant in magni-
tude.

(@) With but a change in the number of turns on sec-
ondary winding SW1, the circuit of FIG. 2 would be
directly applicable as a conventional DC power supply
or a battery charger; in which case, of course, second-
. ary winding SW2 could be removed.

(¢} Instead of using clamping rectifier CR, as com-
bined with the DC supply voltage, as a voltage clamp-
ing means to limit the maximum magnitude of the volt-
age developing across the primary winding of the fly-
back transformer during its discharge of inductive en-
ergy, a Zener diode may be used. However, unless a
scheme of inverter disablement is used, the power rating
of this Zener diode would have to be quite large.

(f) Threshold device TD can be any one of a variety
of devices, such as: (1) 2 high-frequency SCR. combined
with a Zener diode; (if) a so-called Sidac; (ifi) 2 unijunc-
tion ransistor; (iv) 2 programmable unijunction transis-
tor (PUTY); (v) a Silicon Centrolled Switch; (vi) a cus-
tom-made IC threshold means; etc. The particular
choice in a given application would depend on the par-
ticular characteristics desired in terms of speed, thresh-
old voltage, forward conductivity and voltage drop,
etc.

() It is believed that the present invention and its
several attendant advantages and features will be under-
stood from the preceeding description. However, with-
out departing from the spirit of the invention, changes
may be made in its form and in the construction and
interrelationships of its component parts, the form
herein presented merely representing the presently pre-
ferred embodiment.

1 claim:

1. Converter means adapted to convert a DC voltage
to an alternating voltage, comprising:

transformer means having a primary winding;

switch means having a pair of switched terminals and

a pair of control terminals, the switch means being
operative to permit relatively wnimpeded flow of
current between the switched terminals, but only
as long as: (7) a control voltage is applied between
its control terminals, and (u) the magnitude of this
control voltage exceeds a minimom level, this mini-

mum level being approximately proportional to the
magnitude of the current flowing between the
swiiched terminals;

connect means operative 10 comnect the primary

winding and the switched terminals in circuit with
the DC voltage in such manner that, as long as the
switch means is operative to permit relatively un-
impeded flow of current between its switched ter-
minals, the DC voltage is effectively applied across
this primary winding; and

conr.rol means connected with the control terminals

" and operative to provide 2 control voltage having
a periodically varying magnitude that, whenever
current i3 flowing between the switched terminals,
is: (i) substantially proportional to the magnitude of
this current, and (if) in excess of said minimum
tevel

2. The converter means of claim 1 wherein periodi-
cally the magnitude of the control signal is abruptly
reduced below the the minimum level for a brief perjod
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8 .
of time, thereby to prevent current from flowing freely
between the switched terminais.
3. The converter means of claim 1 wherein the cur-
rent flowing between the switched terminals and the
control voltage are borh substantally characterized by
consisting of pericdically-occurring triangularly shaped
pulses.
4. The converter means of ¢laim 1 wherein a load
means is connected with the transformer meaugs, this
load means being operative to absorb energy from the
transformer means, but substantially only during peri-
ods when no current flows between the switched termi-
nals.
5. The converter means of claim 1 wherein the trans-
former means comprises inductive energy-storing
means.
6. A DC-to-DC converter adapted to be powered
from a DC voltage and to provide DC power to a load,
comprising:
inductor means;
swilch means connected in series with the inductor
means to form a series-combination, the series-
combination being connected across the DC volt-
age, the switch means having control means opera-
tive on receipt of a control voltage at a pair of
control terminals to render the switch means: (i)
substantially non-conductive a8 long as the magni-
tade of the control voltage does not exceed a
threshold level; and (if) substantially fully conduc-
tive as long as the magnitude of the control voltage
exceeds the threshold level by an amount that is
substantially proportional to the magnitude of the
current flowing through the switch means;

control source operative to provide a control voltage
to the control terminals, this control voltage alter-
pating periodically in magoitude between a first
state of being below the threshold level to a second
state of being above the threshold level, the second
state being characterized by the magnitude of the
control voltage being above the threshold level by
an amount substantially proportional to the magni-
tude of the current flowing through the switch
‘means; and

load circuit means operative to connect the load in
circuit with the inductor means in such manner as
to cause the load to receive DC power substan-
tially only during periods when the switch means js
substantially non-conductive.

7. The DC-to-DC converter means of claim 6
wherein the control signal is further characterized by
having a waveshape comprising a first portion of sub-
stantially linearly rising magnitude followed by a rela-
tively rapid drop in magnitude to a second portion of
substantially non-varying magnitude.

8. The DC-0-DC copverter of ¢laim 6 wherein the
control source comprises a threshold device operative,
whenever the magnitude of the voltage between the
control terminals reaches a certain magnitude, to cause
a shunt of relatively low impedance to be placed across
the control terminals.

9. The DC-to-DC converter of claim & wherein the
magnitude of the control voltage is prevented from
exceeding the threshold level as long as there is any
substantive amount of energy stored in the inductor
means.

10. A flyback converter adapted to be powered from
a DC voltage and comprising:
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2 semiconductor switching device having a pair of
switched terminals and a pair of control terminals,
electric current being: (i) permitted to flow sub-
stantially freely between the switched terminals as
long as the control terminals are provided with a
control voltage of minimum magritude that ex-
ceeds a threshold level by an amount that is sub-
stantially proportional to the magnitude of any
current flowing between the switched terminals;
and (ii) substantially prevented from flowing be-
tween the switched terminals as long as the control
terminals are provided with a control voltage of
magnitude less than the threshold level;

an inductor means connected between the DC volt-
age and the switched terminals in such manner
that, as long as current is permitted to flow freely
between the switched terminals, substantially the
full magnitude of the DC voltage is applied across
the inductor means, thereby to cause current to
flow through the inductor means and therefore
between the switched terminals; and

control means operative to provide a control voltage
to the control terminals, this control voltage alter-
nating periodically between: (i) having a magni-
tude less than the threshold level, thereby substan-
tially preventing current from flowing between the
switched terminals; and (i) baving, substantially
for as long as current is flowing between the
switched terminals, a magnitude that exceeds the
threshold level by an amount that is substantially
proportional to the magnitude of the current flow-
ing between the switched terminals.

11_ The flyback converter of claim 10 wherein:

(1) the control means is operative to provide the con-
trol voltage to the control terminals by way of a
current-limiting rmeans; and

(ii) 2 bistable threshold means is connected across the
control terminals, this threshold means being oper-
ative to change from a first state constituting a
relatively high resistance to a second state consti-
tuting a relatively low resistance as soon as the
magnitude of any voltage present across it reaches
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a predetermined level, thereby to cause the magni-
tude of the voltage present across the control ter-
minals to precipitously decrease as soon as the
magnitude of the control voltage reaches the pre-
determined level
12. A flyback converter adapted to be powered from

a DC voltage and to provide power 1o a load, compris-
ing:

a semiconductor switching device baving a pair of
switched terminals and a pair of control terminals
receptive of a control voltage, electric current
being: (§) permitted to flow between the switched
terminals as long as the magnitude of the control
voltage exceeds a threshold level; and (i) pre-
vented from flowing between the switched termi-
nals as long as the magnitude of the control voltage
is below the threshold level;

inductor means ‘connected between the DC voltage
and the switched terminals In such manner that, as
long. as current is permitted to flow between the
switched terminals, inductive energy becomes
stored in the inductor means;

load means comnected with the inductor means and
operative to absorb inductive energy therefrom,
but only during perieds when current is prevented
from flowing between the switched terminals; and

control means operative 1o provide a control voltage
to the control terminals, this control voltage alter-
nating periodically between: (i} having a magni-
tude in excess of the threshold level, thereby caus-
ing inductive energy to become stored in the induc-
tor means; and (i) having a magnitnde less than the
threshold level, thereby preventing current from
flowing between the switched terminals and there- -
fore causing any inductive energy stored in the
inductor means to be absorbed by the load means;
the control means being operative to prevent the
magnitude of the control voltage from eaceeding
the threshold level as long as inductive energy is
being absorbed by the load means.

- Ed *

L *
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[57] | ABSTRACT

A self-oscillating inverter-type fluorescent lamp ballast
has two modes of operation: (a) a first mode in which
the inversion frequency is about 70 kHz and is resonant
with a first tuned circutt by which power is supplied to
the cathodes of the flporescent lamp; and (b} a second
mode in which the inversion frequency is about 30 kHz
and is resonant with 2 second tuned circuit by which
main lamp power is supplied. When the ballast is ini-
tialty powered-up, it starts operation in its first 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 auvtomatically changes into its second mode,
thereby providing main lamp power while at the same
time removing cathode heating power. If for some rea-
son the lamp were not to ignite within about 10 mili-
seconds, the inverter reverts back into its first mode;
thereafter cycling between its two modes until the lamp
does ignite.

16 Claims, 1 Drawing Sheet
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TWO-MODE ELECTRONIC BALLAST

BACKGROUND OF THE INVENTION

1. Field of the Invention ~ 5

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. Description of Prior Art

There are two predominant types of electronic bal-
lasts for gas discharge lamps: (a) a first type may be
seferred-to 2s the parallel-resonant type and involves
the use of a current-excited (i.e., parallel-excited) paral-
lel-loaded resonant L-C circuit; and (b) a secnd type
that may be referred-to as the series-resonant type and
involves the use of a voltage-excited (ie., series-excited)
parallel-loaded resonsnt L-C circait.

An example of the parallel-resonant type of elec-
tronie ballasts is described in U.S. Pat. No. 4,277,726 to
Burke. An example of the series-resonant type of elec-
tronic ballasts is described in U.S. Pat. No. 4,538,095 to
Nilssen.

Of these two types of electronic ballasts, the parallel-
resonant type is conducive to ylelding a stable easy-to-
control self-oscillating inverter-type ballast; whereas
the series-resonant type, although potentially simpler
and more efficient, is harder to control in that it has a
natural tendency to self-destruct in case the lamp load
be removed.

To mitigate 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. 4,638,562 to Nilssen.

GENERAL PURPOSE OF PRESENT
INVENTION

The general purpose of the present invention is that
of providing a method for cost-effectively controlling
the operation of a series-resonant electronic inverter-
type ballast for fluorescent lamps.

SUMMARY OF THE INVENTION

1. Objects of the Invention

An object of the present invention is the provision of 45
a cost-effective control arrangement for attaining
proper operation of an electronic ballast wherein the
lamp load is powered by way of ‘a series-excited pre-

- domtinantly parallel-loaded resonant L-C circuit.

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

2. Bref Description

A self-oscillating inverter-type fluorescent lamp bal-
last kas two modes of operation: (a) a first mode in
which the inversion frequency is about 70 kHz and is
resonant with a first taped L-C circuit by which power
is supplied to the cathodes of the fluorescent lamp; and
{b) a second mode in which the inversion frequency is
about 30 kHz and is resonant with a second tuned 1-C
circuit by which main Jamp power is supplied.

When the ballast is initially powered-up, it starts
operation in its. first mode, thereby providing cathode
heating power without yet providing main lamp power.
About one second later, after the cathedes have reached
full incandescence, the inverter automatically changes
into its second mode, thereby providing main lamp
power while at the same time removing cathode heating
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power. If for some reason the lamp were not to ignite
within about 10 milli-seconds, the inverter reverts back
into its first mode; thereafter cycling (with a period of
about one second) between its two modes until the lamp
does ignite.

Thus, the first tuned L-C circuit is resonant at 70 kHz;
and, due to inherent frequency-selectivity characterts-
tics, this first tuped 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
starting voltage and operating power only when being
excited at or near 30 kHz.

BRIEF DESCRIPTION OF THE DRAWING

The drawing diagrammaticaliy illustrates the circuit
arrangement of the invention in its preferred embodi-
ment.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

1. Details of Construction

The drawing schematically illustrates the preferred
embodiment of the invention in the form of a half-
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 utility 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 2 B4+ bus and a B— bus.

A filter capacitor FCa is connected between the B4
bus and a junction J1; a filter capacitor FCb is con-
nected between junction JI and the B— bus. A tank
capacitor TC is connected between junction J1 and a
junction J2. An avxiliary inductor Al is connected be-
tween junction J2 and a junction J3; and a main tank
inductor TI is connected between junction J3 and a
junction J4.

Junction J4 is connected with a junction J5 by way of
series-connected primary windings SCTap and SCTbp
of saturable current transformers SCTa and SCTb, re-
spectively.

A first main inverter transistor QQa is connected with
its collector to the B+ bus and with its emitter to junc-
tion J5; a second main inverter transistor Qb is con-
nected with its collector te junction J5 and with its
emitter to the B— bus.

Secondary winding SCTas of saturable current trans-
former SCTa is connected between the base of transis-
tor Qa and a junction Ja. A capacitor Ca is connected
between junctions Ja and J5. A Zener diede Za is con-
nected with its anode to junction Ja and with its cathode
to junction J5. An auxiliary transistor AQz is connected
with its collector to junction Ja and with iis 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 a.

Secondary winding SCTUbs of saturable current trans-
former SCTb 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 connecied with its anode to junction Jb and with its
cathode to the B— bus. An anxiliary transistor AQb is
connected with its collector to junction Jb and with its
emitter to the B— bus. A resistor Rb is connected be-
tween junction J5 and the base of transistor Qb. The
base of auxiliary transistor AQb is designated b.
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Tank inductor TI has a secondary winding SWt,
which has a center tap CTt connected with the collec-
tor of a control transistor CQ. The emitter of control
transistor CQ) is connected with the B— bus.

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

- A fluorescent lamp FL has two thermionic cathodes
TCx and TCy; which has power input terminals x—=x
and y—y, respectively. One of the power input termi-
nals of cathode TCx is connected with junction J1 by
way of primary winding PWc of control transformer
Te. One of the power input terminals of cathode TCy is
connected with junction J2.

Power input terminals x—x and y—y of cathodes
TCx and TCy are connected with power output termi-
nals x—x and y—y of secondary windings SWx and
SWy of auxiliary inductor Al, all respectively; which
secondary windings have series-comnected capacitors
Cx and Cy, also respectively.

A resistor R1 is connected between the B+ bus and
a junction J6; and a capacitor C1 is connected between
junction J6 and the B— bus. A resistor R2 and a Diac
D4 are connected in series between junction J6 and the
base of control transistor CQ. A resistor R3 is con-
nected between the base of transistor CQ and the B—
bus.

A resistor R4 is connected between junction 6 and
the collector of a transistor Qc, whose emitter is con-
nected with the B— bus. A resistor R5 is connected
between the base of transistor Qc and the B— bus. A
resistor Ré6 is connected between the base of transistor
Qc and a junction J7. A capacitor C2 is connected be-
tween 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.

Control transformer Tc also has two secondary wind-
ings SWa and SWb. The terminals of secondary wind-
ing SWa are connected between base a of transistor
AQa and junction J5; the terminals of secondary wind-
ing SWh are connected between the B— bus and base b
of transistor AQb.

2. Details of Operation

The operation of the circuit arrangement schemati-
cally fllustrated 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 rectified and filtered by conven-
tional rectifier and filter means RFM such as to provide
a DC voltage between the B+ and the B — buses, with
the B+ bus carrying the positive polarity.

The half-bddge. inverter, which principally consists
of capacitors FCa and FCb, transistors Qa and Qb, and
saturable current feedback transformers SCTa and
SCTh, is self-oscillating and functions in a substantially
ordinary manner, such as for instance described in con-
junction with FIG. 8 of U.S. Pat. No. Re. 31,758 to
Nilssen.

The cutput of the half-bridge inverter is provided to
and between junctions J1 and J4; between which junc-
tions are connected in series: tank capacitor TC, tank
iaductor TI, and auxiliary inductor Al

Anxiliary inductor Al is tuned to about 70 kHz by
way of capacitors Cx and Cy; which two capacitors are
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connected with the secondary windings of the auxihary
inductor as well as 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 kHz. As a result, at about 70 kHz, the
auxiliary inductor appears like a parallel-resonant cir-
cuit as viewed from between junctions J2 and J3.

Tank inductor T1is 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 appears
substantially like a series-resonant circuit 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 as a small part of tank inductor TI.

At 70 kHz, the impedance of tank capacitor TC is
capacitive and relatively small, whereas the impedance
of tank inductor TT is inductive and relatively high.

Thus, when the inverter oscillates at 70 kHz, its out-
put voltage is applied by way of high-impedance tank
inductor TT to the parallel-resonant circuit represented
by auxiliary inductor AJ; which parallel-resonant ciz-
cult then operates to power the two thermionic cath-
odes of fluorescent lamp FL. During this mode, the
power provided to these two cathodes is about two
watts, and the magnitude of the current then drawn
from the inverter output is quite small. As a result, the
magnitude of the 70 kHz voltage resulting across tank
capacitor TC is very small.

On the other hand, when the inverter oscillates at 30
kHz, essentially no power is provided to the thermionic
cathodes. However, at that frequency, the resonant
series-tuned L-C circuit then loading the inverter’s cut-
put causes a 30 kHz voltage of very large magnitude to
develop across the tank capacitor. The magnitude of
this 30 kHz voltage is so large as to cause the fluores-
cent lamp to ignite; whercafter the magnitnde of the 30
kHz voltage across the tank capacitor will be deter-
mined by the current-voltage characteristices of the
fluorescent lamp. In reality, at the 30 kHz series-reso-
nance, the output provided from the output terminals to
the fluorescent lamp (Le., from junctions J1 and J2) will
essentially be a 30 kHz constant-magnitude current.

The frequency of inverter oscillation is determined
by the saturation characteristics of saturable current
transformers SCTa and SCTb in conjunction with the
magnitude of the voltage presented to their secondary
windings SCTas and SCTbs.

The magnitude of the voltage presented to secondary
windings SCTas and SCTbs will be determined by the
base-emitter voltage of transistors Qa and Qb in combi-
ration 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 control signals provided to the basesaand 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 diodes 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 a 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 voltages at junctions Ja and Jb to become
very low (about 1.0 Volt each).

Thus, absent control currents 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
kHz

When the inverter is initially powered-up, no lamp
current is flowing through the primary winding of con-
trol transformer Tc and control transistor CQ is non-
conductive; which means that no control currents are
provided to bases 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 voltage high enoogh to cause Diac D4
to break down; which, in turn, causes capacitor C1 to
discharge into the base of control transistor CQ, thereby
causing this transistor to become conductive.

Control transistor CQ will remain conductive for a
pericd of about 10 milli-seconds; and, during this per-
iod, current from secondary winding SWt of tank in-
ductor TT will flow through secondary winding SWc of
control transformer Tc; thereby—via secondary wind-
ings SWa and SWb on control transformer Te—provid-
ing control currents to bases a and b of transistors AQa
and AQb; thereby causing capacitors Ca and Cb to
discharge to 2 voltage level of about 1 Voit; thereby, in
turn, to cause the inverter’s oscillating frequency to
become about 30 kHz.

With the inverter frequency at 30 kHz, the magnitude
of the voltage provided between the lamp’s cathodes
becomes large enough to cause lamp ignition within the
10 milli-second period; which, In turn, gives rise to the
flow of lamp current; which lamp current fows
through primary winding PWe of control transformer
Te, thereby continuing to provide control currents to
bases a and b of transistors AQa and AQb; thereby
continuing to maintain the inverter’s cscillation fre-
quency at 3¢ kHz.

On the other hand, if the fluorescent lamp were to fail
to ignite within the 10 milli-second time-window during
which the centrol transistor CQ be conductive, control
currents to bases a and b would not be sustained;
thereby causing the inverter to revert to its 70 kHz
oscillating frequency.

In short, with a properly operational fluorescent 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 a 70 kHz frequency; which,
via a 70 kHz resonating circuit associated with auxiliary
inductor Al therefore causes cathode heating 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, control transistor CQ sud-
denly becomes conductive and thereafter remains con-
ductive for a period of about 10 milli-seconds. With
transistor CQ conductive, control current is provided to
auxiliary transistors AQa/AQb; which then become
conductive, thereby to cause a reduction in the magni-
jmdcs of the voltages across capacitors Cas/Cb; which,
In turn, causes the frequency of inverter oscillation to
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 and tank
?nductor TI (including the net inductance of auxiliary
inductor AT and its associated circuitry); which series-
resonance, due to so-called Q-multiplication effects,
results in a high-magnitude 30 kHz voltage 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 fluores-
cent lamp and, because its cathodes are already thermi-
onic, causes it to ignite immediately. The resulting lamp
current will then, via control transformer Te, continue
ta provide control current to auxiliary transistors AQa-
/AQb; thereby, even after the initial 10 millisecond
period, ensuring that the inverter’s frequency of oscilla-
tion remains at 30 kiHz.

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

(6) If the lamp were to be removed or if lamp eurrent
otherwise were to fail to flow, control current wouid
cease to be provided to auxiliary transistors AQa/AQb,
thereby causing the inverter’s oscillation frequency to
tevert to 70 kHz. Thus, as long as no lamp current is
flowing, the inverter will alternate between two 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 milliseconds
at 30 kHz.

3. Additiopal Comments

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

(b) For further details relative to the biasing arrange-
ment used in connecton 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.e., the voltage
across capacitors Ca/Cb), corresponding adjustment of
the magnitude of lamp current may be attained, thereby
to provide for lamp dimming.

(d} It is believed that the present invention and its
several atiendant advantages and features will be under-
stood from the preceeding description: However, with-
out departing from the spirit of the invention, changes
may be made in its form and in the construction and
interrelationships of its component parts, the form
herein presented merely representing the preferred ems-
bodiment.-

I claim:

1. An artangement comprising:

seif-oscillating inverter means connected with a

source of DC voltage and operative to provide an
inverter voitage at an inverter output, the inverter
voltage having a frequency, the inverter means
being self-oscillating by way of positive feedback
means and having control means operative in re-
sponse to a coptrol input to control the self-oscilla-
tion frequency;

gas discharge lamp means having: (i) main lamp ter- -

minals operative to receive main lamp operating
power, and (i) thermionic cathode means having
cathode terminals operative to receive cathode
heating power;

impedance means connected in circuit between the

inverter output, the main lamp terminals, and the
cathode terminals, the impedance means being
operative to supply from the inverter output main
lamp operating power to the main lamp terminals
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and cathode heating power to the cathode termi-
nals, the amount of main lamp operating power and
the amount of catbode heating power supplied
both being dependent on the frequency of the in-
verter voltage; and

control means operative to provide the control input

in such manner as to control the frequency of the
inverter voltage, thereby to control the amount of
main lamp operating power as well as the amount
of cathode heating power.

2 The arrangement of claim 1 wherein: () the
amount of cathode heating power supplied to the cath-
ode terminals is a first function of the frequency of the
inverter voltage, and (i) the amount of main lamp oper-
ating power is a second function of the frequency of the
inverter voltage, the second function being substan-
tively different from the first function.

3. The arrangement of claim 2 wherein the amount of
cathode heating power supplied decreases as the
amount of main lamp operating power increases.

4. The arrapgement of claim 1 wherein the impedance
means comprises a first and a second tuned circuit
means, the first tuned circuit means being operative to
determine the amount of cathode heating power being
supplied to the cathode terminals, the second tuned
circuit means being operative to determine the amount
of main lamp operating power being supplied to the
main lamp terminals.

5. The arrangement of claim 1 combined with current
sensing means connected in cireuit with the main lamp
terminals as well as with the control means, the current
sensing means being operative to sense lamp current
flowing between the main lamp terminals and, in re-
sponse to this lamp current, to provide at least part of
the control input.

6. The arrangement of claim 1 wherein the impedance
means comprises a series-tuned L-C circuit connected
across the inverter cutput.

7. An armangement comprising:

inverter means connected with a source of DXC volt-

age and operative to provide an inverter voltage at
an inverter output, the inverter voltage having a
frequency, the inverter means having control
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means operative in response to a control input to’

control this frequency;

gas discharge lamp means havieg: (i) main lemp ter-
minals operative to receive main lamp operating
power, and (ii) thermionic cathode means having
cathode terminals operative to receive cathode
heating power;

impedance means connected in circuit between the
inverter output, the main lamp terminals, 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 heating power to the cathode termi-
nals, 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

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 2
second frequency;

such that the arrangement is operative to provide: (i)
a substantive amount of cathode heating power but
only a negligible amount of main lamp operating
power at the first frequency, and (i} a negligible
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amount of cathode heating power but a substantive
amount of Jamp operating power at the second
frequency.

8. An arrangement comprising:

inverter means connected with a source of DC volt-
age and operative fo provide an inverter voltage at
an inverter output, the inverter voltage having a
frequency, the inverter means having control
means operative in response to a control input to
control this frequency;

gas discharge lamp means having: (i) main lamp ter-
minals operative to receive main lamp operating
power, and (ii) thermionic cathode means having
cathode terminals operative to receive cathode
heating power;

impedance means connected in circuit between the
inverter output, the main lamp terminals, 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 heating power to the cathode termi-
nals, the magpitude 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
mmverter voltage between a first frequency and a
second frequency;

such that the arrangement is operative to provide: (i)
at the first frequency, a substantive magnitude of
cathode heating voltage but only a negligible mag-
nitede of main lamp operating voltage, and (i) at
the second freqguency, a substantive magnitude of
main lamp operating voltage.

9. In a power supply means connected with and oper-
ative to power a gas discharge lamp, the lamp having a
pair of main lamp terminals and 2 cathode, the cathode
having a pair of cathode terminals, an improvement
comprising:

(1} control input means operative in response to a
control mput to cause the power supply means to
function in either of two modes:

(2) a first mode wherein: (i) a first cathode voltage
is provided to the cathode terminals, and (ii) a
first lamp voltage is provided to the main lamp
terminals, the magnitude of the first lamp voltage
being insufficient to cause lamp ignition; and

(b) a second mode wherein: (1) a second cathode
voltage is provided to the cathodes, the magni-
tude of the second cathode voltage being sub-

" stantially lower than that of the first cathode
voltage, and (ii} 2 second lamp voltage is pro-
vided to the main lamp terminals, the magnitude
of the second lamp voltage being sufficient to
cause lamp ignition; and

(2) control output means connected with the control
input means and operative to provide the control
input, thereby to cause the power supply means to
exist in the first mode for a period of time before
causing it to change to the second mode.

10. The improvement of claim 9 wherein the magni-
tude of the second lamp voltage is substantially larger
than that of the first lamp voltage.

11. The improvement of claim 9 wherein the first
lamp voltage has a first frequency and the second lamp
voltage has a second frequency, the first frequency
being different from the second frequency.
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12. An arrangement comprising: )

power supply means operative to power a gas dJ§~

charge lamp, the gas discharge Jamp having a pair
of main lamp terminsals and a thermionic cathode,
the thermionic cathode having a pair of cathode
terminals, the power supply means having: (1) a
First and a second pair ‘of output terminals opera-
tive, respectively, to copnect with the main Jamp
terminals and the cathode terminals and to provide
thereto, respectively, a main lamp voltage and a
cathode voltage, and (i} control input means re-
ceptive of 2 control input and operative in response
thereto to control the magnitude of the main lamp
voltage; and

control output means connmected with the control

input means and operative to provide the controi
input such as to cause the power supply means to
exist in either of two modes:

(1) a first mode in which: (i) the cathode voltage is of

a first magnitude sufficient to cause the thermionic
cathode to become incandescent, and (ji) the main
lamp voltage is of a magnitude sufficient to cause
the gas discharge lamp to ignite; and

(2) a second mode in which: (i) the cathode voltage is

of a second magnitude, the second magnitude being
substantially lower than the first magnitude, and
(i) the main lamp voltage is of 2 magnitude suffi-
cient to cause the gas discharge lamp to ignite.

13. The arrangement of claim 12 wherein: (i} at any
given time, thé frequency of the main lamp voltage is
the same as that of the cathode voltage, and (i)} the
frequency of the main lamp voltage during the first
mode is different from the frequency of the main lamp
voltage during the second mecde.

14. The arrangement of claim 12 wherein the control
input means is operative to countrol the magnitude of the
main lamp voltage by way of controlling its frequency.

15. The arrangement of claim 12 wherein the power
supply comprises tuned circuit meaps.

16. An arrangement comprising:

inverter operative to provide an inverter output volt-

age at an inverter output means; the inverter hav-
ing switching transistor means including transistor
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drive input means; the inverter being self-oscillat-
ing by way of positive feedback means connected
in circuit between the inverter ouiput means and
the transistor drive input means; the inverter hav-
ing frequency control input means operative, on
receipt of a control signal, to control the frequency
of the inverter output voltage;

gas discharge lamp having: (i) main lamp terminals
receptive of a main lamp voltage, and (ii) a thermi-
onic cathode having cathode terminals receptive of
a cathode heating voltage;

frequency-discriminating circuit means connected
between: (i) the inverter output means, (if) the lamp
input terminals, and (iii) the cathode terminals; the
frequency-discriminating circuit means being oper-
ative to cause a cathode voltage to be applied at the
cathode terminals and a main lamyp voltage to be
applied at the main lamp terminals; the magnitude
of the cathode voltage being a first function of the
frequency; the magnitude of the main lamp voltage
being a second fenction of frequency; the second
function being substantially different from the first
function; and

control means connected with the frequency control
mput means and operative {0 provide said control
signal, thereby to cause the frequency of the in-
verter output voltage to vary such as: (1) initially to
cause the cathode voltage to be of a first magnitude
and the main lamp voltage to be of a second magni-
tude, such as to provide a sufficient amount of
cathode heating power to the termionic cathode to
reach incandescence without causing the gas-dis-
charge lamp to ignite, and (ii) subsequently, after
the termionic cathode has reached incandescence,
to cause the first magnitnde to decrease by a sub-
stantial degree while at the same time to cause the
second magnitude to increase substantiafly, thereby
to cause the gas discharge lamp to ignite and oper-
ate while at the same time causing the amount of
cathode heating power provided to the thermionic
cathode to decrease to a substantial degree.

L]

E S - - *
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[57] ABSTRACT

A self-oscillating half-bridge inverter is powered from a
power-line-operated DC voltage source. The tnverter is
loaded by way of a series-tuned high-Q LC circuit con-
nected across its outpul. A pair of fluorescent Tamps is
series-connected across the tank-capacitor of the LC
circuit. The inverter has two bipolar transistors, each
driven by an associated saturzble current transformer
that pravides for a transistor ON-time dependent upon
the magnitude of an associated bias voltage. One of the
transistors has a control arrangement connected in cir-
cuir with its associated saturable transformer and opera-
tive to control the magnitude of its associated bias volt-
age. As the magnitude of this bias voltage is controlled,
the magnitude of the voliage across the tank-capacitor,
as well as of the current available therefrom, is corre-
spondingiy controlled. The magnitude of the bias valt-
age is automatically controlled such that: {a) with the
lamps not-yet-ignited, the magnitude of the voliage
across the tank-capacitor is maintained af a level some-
what higher than normal lamp operating voliage, ex-
cept that for 10 milli-seconds once each second the
magnitude is increased to a level high enough to cause
lamp ignition; (b) after the lamps have ignited, the mag-
nitude of the lamp current is limited to 2n adjustably
preset level; and (c) the magnitude of any ground-lault
current is limited to a level considered safe from shock
hazard.

24 Claims, 2 Drawing Sheets
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CONTROLLED ELECTRONIC BALLAST

RELATED APPLICATIONS

Instant application is a continuation-in-part of Ser.

No. 07/080,865 filed Aug. 3, 1987, now U.S. Pat. No.
4,819,146 which Ser- No. 07/080,365 is a continuation-
in-part of Ser. No. 06/917, 788 filed Oct. 10, 1986, now
U.S. Pat. No. 4,727.470.

Instant application is also a continuation- in-part of
Ser. No. 06/730,596 filed May 6, 1985, now abandoned;
which is a continuation-in-part of Ser. No. 06/640,240
filed Aug. 13, 1984, now abandoned; which is a con-
tinvation-in-part of Ser. No. 06/412,771 filed Aug. 30,
1982, now abandoned.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to ground-fault-
protected series-resonance-loaded inverters, particu-
larly as used for controllably powering gas discharge
lamps.

2. Description of Prior Art

Ballasts with built-in ground-fault-protection means
have been previously described, such asin U.S. Pat. No
4,563,719 to Nilssen.

*'Ballasts using a series-resonance-loaded output have
also been previously described, such as in U.S. Pat. No.
-4 ,370,600 to Zansky.

34 In"an inverter where a gas dlscharge lamp load is
) paralIeI-connected across the tank capacitor of a high-Q
.LC ¢ircuit that is resonantly series-excited by a high-
frequency voliage output of the inverter. it is necessary
10 prow.de some means to protect against the high cur-
-. rerits and;voltages resulting duve to so-called Q-multi-
: phcatlon whcncver the lamp load is removed or other-
wise fails to constitute a proper load for the LC circuit.
@I U:SE Pat. No. 4,370,600 10 Zansky, circuit protec-
tion is provided by way of providing to the LC circuit
an-alternative load in the form of a voltage-clamping
“means; which voltage-clamping means acts 10 load the

LC circuit during any period when the lamp does not
. constitute a proper load therefor.

‘iThe voltage-clamping is accomplished by rectifying
;ihe Q-multiplied voltage output of the LC circuit and
-byfdpplying the resulting DC output to the inverter’s
.bC power source.

L Hov\. ever, during any period when voltage- clamping
“does oecur, a relatively large amount of power circu-
lates wu.hm the electronic ballast means: from the in-
verter's output. through the LC circult, and back into
the inverte:'s DC power source by way of the voltagc-
: clampmg Means.

SUMMARY OF THE INVENTION
Objects of the Invention

One object of the present invention is that of provid-
ing for a cost-effective ballasting means for powering
gas discharge lamps.

Another object is that of providing for control means
in a series-resonance-loaded inverter ballast.

These as weli as other objects, features and advan-
lages of the present invention will become apparent
from the following descriprion and claims.

Brief Descriplion

A self-oscillating -half-bridge inverier is powered
from a power-line-operated DC voliage source. The
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inverter is loaded by way of a series-tuned high-Q LC
circuit connected across its output. A pair of flucrescent
lamps is series-connected across the tank-capacitor of
the L.C circuit. The inverter has two bipolar transistors,
each driven by an associated saturable current trans-
former that provides for a transistor ON-time depen-
dent upon the magnitude of an associated bias voltage.

One of the transistors has a conirol arrangement con-
nected in circuit with its associated saturable trans-
former and operative to conirol the magnitude of its
associated bias voltage. As the magnitude of this bias
voliage is controlled, the magnitude of the voltage
across the tank-capacitor, as well as of the current avail-
able therefrom, is correspondingly controlled.

The magnitude of the bias voltage is automaticzally
controlled such that: () with the lamps not-yet-ignited,
the magnitude of the veltage across the tank-capacitor
is maintained at a level somewhat higher than normal
lamp operating voltage, except that for 10 milli-seconds
once each second the magnitude is increased to a level
high enough to cause lamp ignition; (b) after the lamps
have ignited, the magnitude of the lamp current is lim-
ited to an adjustably preset level; and (c) the magnitude
of any ground-fault current is limited to a level consid-
ered safe from shock hazard.

As a consequence of not having 1o provide, on a
continuous basis, an cutput voltage of magnitude large
enough to cause lamp ignition, the cost and weight of
the tank-inductor and the tank-capacitor of the LC
circuit may be reduced by a considerable factor.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 provides a basic electrical circuir diagram of
the preferred embodiment of the invention.

FIG. 2 illustrates waveshapes of various high fre-
quency voltages and currents present within the circuit
during different modes of operation.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

Details of Construction

In FIG. 1, a source S of ordinary 120 Volt/60 Hz
power line voltage is applied to power input terminals
PITa and PITh; which terminals, in turn. are connected
with a bridge rectifier BR. The DC output from bridge
rectifier BR is applied 10 2a DC+ terminal and a DC —
terminal, with the DC + terminal being of positive po-
larity. A high-frequency filter capacitor HFFC is con-
nected between the DC + terminal and the DC— termi-
nal. A first winding W1 of an EMI suppression inductor
SI is connected between the DC+ terminal and a B+
bus: and a second winding W2 of EMI suppression
inductor S1 is connected between the DC— 1erminal
and 2 B— bus.

An auxiliary winding AW is wound on EMI suppres-
sion inductor SI; which auxiliary winding has output
terminals x’ and ¥".

A filter capacitor FCa is connected between the B+
bus and a junction Jc; a filter capacitor FCb is con-
nected between junction Jo and the B~ bus. A switch-
ing transistor Qa is connected with its collector 1o the
B+ bus and with its emitier 1o a juncdon Jg: a switch-
ing transistor Qb is connected with its collector o junc-
tion Jg and with 1ts emitter 1o the B— bus. A commurat-
ing diode CDa is connected between the B+ bus and
junction Jg. with its cathode connected wuh the B+
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bus; a commutzting diode CDb is similarly connected
between junction Jg and the B — bus.

A saturable current transformer SCTa has a second-
ary winding SCTas connected berween the base of
transistor Qa and a junction Ja; a saturable current
transformer SCTb has a secondary winding SCTbs
connected between the base of transistor Qb and a junc-
tion Jb. Saturable current transformers SCTa and
SCTh, respectively, have primary windings SCTap and
SCTbp; which primary windings are series-connected
between junction Jg and a junction Jx. |

A resistor Ral is connected berween the collector
and the base of transistor Qa; a resistor Rbl is connected
between the collector and the base of transistor Qb. A
capacitor Ca is connected between junction Ja and the
ernitter of transistor Qa; a2 capacitor Cb is connected
between junction Jb and emitter of transistor Qb. A
diode Da is connected with its cathode to junction Ja
and, by way of a leakage resistor Ra2, with its anode to
the emitter of transistor Qa; a2 diode Db is connected
with its cathede 10 junction Jb and, by way of a leakage
resistor Rb2, with its anode to the emitter of transistor
Qb. A shunt dicde SDa is connected between the base
of transistor Qa and junction Ja, with its anode con-
nected with junction Ja; 2 shunt diode SDb is similarly
connected between the base of transistor (Jb and junc-
tion Jb.

An auxiliary transistor AQ is connected with its emii-
ter to junction Jb and with its collector to the B— bus
by way of a current-limiting resistor CLR, which cur-
rent-limiting resistor is switch-adjustable by way of a
switch means SM.

A tank-inducior L is conneCIed between junction Jx
and a junction Jy; and a tank-capacitor C is connected
between junctions Jy and Je. A power output terminal
POTL1 is connected with junction Jc by way of a pri-
mary winding PW of a lamp current sensing trans-
former L.CST; another power output tetminzal POT2 is
connected directly with junction Jy. First and second
fluorescent lamps FL1 and FL2 are series-connected
betwgen power output terminals POT1 and POT2.
Tank-inductor L has three cathode heater windings
CHW: which are connected with the cathodes of fluo-
rescent lamps FL1 and FL2.

A capacitor Ct is connected between junction Jb and
a junction Ji. A Diac Dt is series-connected with a
resistor Rt wo form a series-combination, which series-
combination is connected between junction Jt and the
base of transistor AQ. A resistor Rc is connected be-
tween junctions Jg and Ji.

A secondary winding SW of transformer LCST is
connecied between the emitter of auxiliary transistor
AQ and the anode of a diode Da, whose cathode is
connected with the base of transisior AQ.

Details of Operation

The basic operation of the half-bridge inverter of
FIG. 1 is conventional and is explained in conjunction
with FIG. 3 of U.S. Pai. No. 4.307,353 to Nilssen,

For a given magnitude of the DC supply voltage, due
to the effect of the high-Q LC circuit, the magnitude of
the current provided to the fluorescent lamp load {or 1o
any other load presented to the output} is a sensitive
function of the frequency and the waveshape of the
inverter’s putput voltage; which output voltage is a
substantially squarewave voltage of controllable fre-
quency and with peak-to-peak magnitude about equal to
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that of the instantaneous magnitude of the DC voltage
present between the B— bus and the B+ bus.

The frequency of the invertier’s squarewave output
voltage 15 a sensitive {unction of the ratural resonance
frequency of the high-Q LC circuit as well as of the
duraticn of the forward conduction period {i.e., the
ON-period) of the two inverter switching transistors;
which duration, in turn, is a sensitive function of the
saturation characteristics of saturable current trans.
formers SCTa and SCTb as combined with the magni-
tude of the bias voltapges present on capacitors Ca and
Cb. That is, the duration of the forward conduction
period (the ON-time)} of each switching transistor is
determined by the voli-second product sustainable by
its associated saturable current transformer as well as by
the magnitude of the negative bias on capacitors Ca and
Cb: the higher the volt-second product available before
saturation, the longer the ON-time; the higher the nega-
tive bias on the Ca/Cb capacitors, the shorter the ON-
time.

In the circuit arrangement of FIG. 1, the magnitude
of the negative voltage on capacitors Ca and Cb is de-
termined by the magoitude of the current provided 10
the bases of transistors Qa and Qb, less any current
drained away through resistors R2a and Rb2/CLR, 2l
respectively. (Of course, a small amount of current is
also drained away from bias capacitors Ca and Cb by
resistors Ral and Rbl, respectively. However, this
amount of charge lezkage is in most situations negligi-
ble. Resistors Ral and Rbl are principally used for
getting the inverter 10 initiate oscillation.)

The magnitude of the base current provided to each
transistor is directly proportional to the magnitude of
the current flowing through the primary windings of
saturable current transformers SCTa and SCTb. Thus,
assuming transistor AQ to be conducring, for given
values of resistors Ra2 and Rb2/CLR: the higher the
magnitude of the inverter’s output curreat, the higher
the magnitude of the negative voliage on capacitors Ca
and Cb.

Thus, for given values of Ra2 and Rb2/CLR, the
circuit of FIG. 1 provides for a high degree of auto-
matic regulation of the magnitude of the inverter's out-
put current.

By selecting a suitable resistance value for resistor
Ra2, and assuming transistor AQ to be conducting, the
magnitude of the inverter's output current may be ad-
justed by adjusting the resistance value of CLR by way
of switch means SM: a relatively low resistance value
leads to an inverter output current of relatively high
magnitude; 2 relatively high resistance value leads to an
inverter output current of relatively low magnitude.

The higher the magnitude of the negative voliage on
each bias capacitor, the higher the magnitude of the
voliage that has to be provided f{rom the secondary
winding of each saturable current transformer; which,
in turn, leads 1o a correspondingly shorter period before
saturation is reached. Thus, as the magnitude of the
negative bias on each bias capacitor is increased, the
duration of each transistor's forward conduction period
(ON-time) is decreased: which, in turn, leads 1o a reduc-
tion in the magnitude of the inverter's output current in
camparison with what it otherwise would have been.

Whereas the base current provided to each transistor
has 1o flow from its associated bias capacitor. the re-
verse or resel current provided from each of the satura-
ble current transformer’s secondary windings does not
flow from the bias capacitor, but rather flows in a sepa-
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rate path through the reverse shunt diode (SDa or SDb)
shunting the secondary winding of each saturable cur-
rent wransformer.

More particularly, the circuit and control arrange-
ment of FIG. 1 operates as follows.

As power is applied at power input terminals PIT1-
/PIT2, the inverler starts to oscillate at a frequency
near the natural self-resonance frequency of the LC
circuit. The resulting inverter output current results in a
positive feedback current provided to each base; and
this feedback current, in turm, causes 2 negative bias Lo

build up on each of bias capacitors Ca/Cb. As the mag--

nitude of the negative bias voltage increases, the invert-
er’s oscillation frequency increases as well. As a resulr,
the magnitude of the inverter output current will stabi-
lize at a some level determined by the effective resis-
rance values of resistors Ra2 and Rb2/CLR.

With the fluorescent lamps non-connected or other-
wise non-functional, transistor AQ is effectively non-
conducting; and under this condition the magnitude of
the high-frequency {30 kHz or s0) inverter current sta-
bilizes at a level determined by the resistance values of
resistors Ra2 and Rb2.

" With the fluorescent lamps connected and fully oper-
ie fu]ly loading the LC circuir), transistor AQ is
¢ by virtue of the current provided to its base
. of lamp current sensing transformer LCST.
thxs “¢ondition the magnitude of the high-fre-
qucncy*current stabilizes at a level effectively deter-

‘d: by the resistance values of resistors Ra2 and

tha fesistance valie of Rb2 being much higher
than’ that tof CLR:

More pa“ éularly, the resistance value of resistor Ra2

"is selééted Such that the ON-time of transistor Qa corre-

spond?f‘gancqtiy 4 50% duty-cycle; the resistance value

of Rb efx selected such as to result in an inverter

oulputfcurrent ‘of magnitude such as to provide for a
h:gh-frequcncy voirage across the tank-capacitor that is
appro:umately equal in magnitude to that of the voltage
across }Jl}ﬂc‘ norescent lamps under normal full-power
]nmptoperanon, ‘and the resistance value of resistor

-

th selected such as to provide for the proper
magnuudc e'of the lamp operarting current.

Undc?{lhe condition of normal lamp loading of the
EC rcuxtwthe RMS magnitude of the voltage provided
ro thealamp*‘cathodes is so selected as to provide for
prop cathodc heating. Thus, as the ¢ircuir is initially
“though the lamps have not yet ignited,
the cat"h’ es are provided with a heating voltage of
RMS”_‘m'ag'mmde appropriate for cathode heating: yet,

‘maj ;tude of the high-frequency voltage then pro-
vided @cross the lamps is too low 10 cause lamp ignition.
" However, by action of the trigger arrangement consist-
ing of elements Re, Cr, Dt and Rt, after about one sec-
ond (and once each second thereafter). a current pulse
of about-10 milli-second duration will be provided to
the base of transistor AQ, thereby making this transistor
conduct for z period of about 10 milli-seconds. During
this 10 milli-second period, the magnitude of the high-
frequency voliage across the tank- capacsror will in-
crease substantially, and the lamps will ignite.

During the 10 milli-second period, the magnitude of
the cathode heating voltages also increases substan-
tially, thereby aiding tn lamp ignition. However, on an
inegrated RMS basis, this brief penod of increased
cathode heating voliage s of little consequence,

As soon as the lamps ignite, Jamp current will start 10
flow: and, by way of transformer LCST, transistor AQ
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will now be conducting on a nearly continuous basis.
This implies that rhe 10 milli-second pulses that will
continue to be provided every second or so will be of
little consequence.

If the lamps were to be disconnected, however, the
repeatedly provided 10 milli-second pulses will assure
that affirmative lamp ignition will occur as soon as fully
functional lamps are indeed connected.

As long as transistor AQ is conducnve, the fluores-
cent lamps will be powered in a normal manner; and the
magnitude of the lamp current flowing will depand on
the particular setting of adjustzble resistor CLR. With
switch means SM closed, the magnitude of the lamp
current will be relatively large; with switch means Sm
open, the magnitude of the lamp current will be rela-
tively low,

In case of a ground-fault condition—which typically
might occur if fluorescent lamp FL2 were to be con-
nectad at its one end with power outpus terminal POT2
while a ground-connecied person held onto the lamp’s
terrninals ar its other end—high-frequency current
would flow out from the ballast at terminal POT2,
through the lamp and the person to ground, and then
eventually back to the ballast by way of one or both of
the power input terminals (PIT1/PIT2. However, since
necessarily this condition would require that lamp cur-
rent stop flowing through lamp current sensing trans-
former LCST, wransistor AQ would cease to conduct
and the magnitude of any current then flowing from
output terminal POT2 would be Iimited to a level that is
substantially lower than that of full-power lamp cur-
rent. In particular, the magnitude of the resulting
ground-fault current will only be oa the order of 10
milli-Ampere; which is a level that—at a frequency of
30 kHz or so—is considered by authoritative entities,
such as Underwriters Laboratories, Inc. of Northbrook,
I11., as being substantially non-hazardous.

FIG. 2 depicts various voltage and current wave-
forms associated with the circuit of FIG. 1.

For a sttuation with no loading presented 1o the high-
Q LC circuit—r1hat is, with the lamps disconnected, or
before the lamps have ignitied—FIG. 2¢ shows the
collector-to-emirter voltage Vb of transistor Qb and the
corresponding inverter output current Ib. The part of Ib
actually flowing through transistor Qb in the forward
direction is shown in heavy solid line, the part of Ib
flowing through commurating diode CDa is showed in
light dashed line, and the part of Ib flowing through
either Qa or CDb is shown in light solid line.

FIG. 2b shows the base-emilter voltage of transistor
Qb as it corresponds to the waveforms of FIG. 2a.

For a situation where the LC circuit is substantially
fully loaded by the two fluorescent lamps. FI1G. 2¢
shows the collector-to-emitter veoltage Vb’ of transistor
Qb and the corresponding inverier ourput current Ib".
The part of Ib” actually lowing through transistor Qb in
the forward direction is shown in heavy solid line, the
part of Ib” flowing through commutating diode CDa is
showed in light dashed line, and the part of Ib’ flowing
through either Qa or CDb is shown in light solid line,

FIG. 2d shows the base-emitter voliage of transistor
Qb as it corresponds to the waveforms of FIG. 2c

FIG. 2¢ shows the waveshape of the high-frequency
voltage present across the tank-capacitor under the
condition of an unloaded LC circuit: a continuous sub-
stantially sinusoidal voliage of a relatively low magni-
tude, interrupted once each second with a 10 milii-
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second long burst of relatively high-magnitude substan-
tially sinuscidal voliage.

Additional Comments

(a) Detailed information relative 1o a fluorescent
lamp ballast wherein the fluorescent lamp is powered
by way of a series-excited parallel-loaded L-C resonant
circuit is provided in U.S. Pat. No. 4,554,487 1o Nilssen.

(b) The instantaneous peak-10-peak magnitude of the
squarewave output voltage provided by the half-bridge
inverter between junctions Jg and Jc is substantially
equal to the instantaneous magnitude of the DC supply
valtage.

{c) Saturable current transformers SCTa and SCThb
require only a miniscule amount of voltage across their
primary windings. Hence, the magnitude of the voltage-
drop between junctions Jg & Jx is substantially negligi-
ble, and the inverter’s full output vcltage is therefore
effectively provided across the LC circuit, which con-
sists of tank-capacitor C and tank-inductor L.

(&) In FIG. 2, the inverter {requency associated with
the "waveforms of FIGS. 2g and 2& is substantially
higher than that associated with FIGS. 2¢ and 2d.

_ Also, current Ib is nearly 180 degrees out of phase

with the fandamental frequéncy component of voliage
Vb, while current Ib” is almost in phase with voltage
Vb’

(e) In the sitnation associated with the waveform of
FIG. 2b. the magnitude of the voltage “seen” by the
secondary winding of saturable current transformer
SCTb is about five times as high as that “seen™ by the
same secondary winding in the sitnation associated with
FI1G. 24

Correspondingly, the duration of the transistor ON-
time in the situation associated with FIG. 24 is about
five times longer than the transistor ON-time in the
situation associated with the waveform of FIG. 2&.

(F) As may be noiiced in FIG. 2¢, transistor Qb ceases
10 conduct in its forward direction while a substantial
amount of current is still flowing from the inverier’s
output. After transistor Qb has ceased to conduct, the
inverter's output current will continue to flow until the
energy in the tank inductor has dissipated itself. How-
ever, the output current will continue its flow through
commutating diode CDa, thereby discharging its en-
ergy into the DC power supply.

(g) Forward conduction of a transistor is defined as
current flowing, with 1he 2id of forward base drive
current, directly between the collector and the emitter;
which, in case of transistor Qb for, instance, means that
forward current is defined as positive current flowing
from its collector to its emitter while drive current is
being provided to its base. .

A transistor's ON-time is defined as the period during
which it conducts current in the forward direction.

(h) In FIG. 2 it is noted thar the fundamental fre-
quency of the waveforms depicted in FIGS. 2cand 2d is
lower by a certain factor as compared with the fre-
quency associated with the waveforms of FIGS. 2a and
2b; vet the indicated duration of transistor ON-time
associated with the waveforms of FIGS. 2 and 24 is
shorter by a much larger factor as compared with the
indicated duration of transistor ON-time associated
with the waveforms of FIGS. 2¢ and 24,

In fact, when the transisior ON-time is shortened by
a given proportion, the fundamental frequency of the
inverter's output voliage increases by a much smaller
proportion. In instant case, with each transistor’s QON-

J
time shortened by a facior of about five, the inverter
frequency increased only by a factor of about 1.1: rom
abowm 30 kHz to about 40 kHz.

(1) The time constant associated with each bias capac-
itor and its associated leakage resistance means is nor-
mally longer than a complete cycle of the high fre-
quency inverter output voltage, and it is typically on the
order of several such complete cycles. For instance, for
a situation where the power line input voliage is 120
Voli/60 Hz, the frequency of the inverter output vol-
tage/current 15 on the order of 30 kHz, and the 1otal
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100 Watt, the values of bias capacitors Ca and Cb might
reasonably be in the range from one lo len micro-Farad,
the value for leakage resistor Ra2 might reasonably be
in the range between 10 and 100 Ohm, and adjustable
resistor CLR might reasonably be adjustable over a
range between 2 and 100 Ohm.

Thus, in general, the magnitude of the bias voltage on
the bias capacitors is responsive to the average magni-
tude of the inverter’s output current—normally as aver-
aged over at least a full cycle of this output current.

(j) With power tnput terminals PIT1 and P1T2 con-
nected with an ordinary electric utility power line, all
electrical parts of the circuit arrangement of FIG. 1 are
effectively connected with earth ground by way of
those power input lerminals.

(k) Although not expressly shown in FIG. 1, it is
emphasized that fluorescent lamps FL1 and FL2 are
connected with terminals POT1 and POT2 by way.of
tamp socket means of a type that has electrical terminal
means that are non-accessible 1o a person’s fingers or
the like. However, the terminal means of the fluorescent
lamps are of a 1ype that does permit a person to iouch
them directly, provided they are not inseried into their
sockets.

Thus, in a situation where the circuit arrangement of
FIG. 1 is used as a fluorescent lamp ballasting means,
and under otherwise ordinary circumstances, the only
way that a person is able 10 get exposed to a ground-
fault current from the circuit arrangement of FI1G. 11s
by holding on to the terminals at one end of a fluores-
cent Jamp while inserting the other end into a lamp
socket connected with the POT2 or the “hot™ terminal.

(1) In the circuit arrangement of FIG. 1 there are two
distinctly different kinds of current-magnitude-limiting
provided. One is the ordinary kind associated with the
natural characteristics of a series-excited parallel-loaded
resonant LC circuit; another is due 10 the action of the
control circuit associated with auxiliary transistor AQ.

The former is the principal means for limiting the
lamp current; the latter is the principal means for limit-
ing the output current in the absence of proper circuit
loading.

(m) Due to basic factors related 10 magnetic hystere-
sis and leakapge iductance, lamp current sensing trans-
former LCST requires the lamp current to have a cer-
tain minimium magnitude before producing an output
signal of magnitude adequate to cause auxiliary rransis-
tot AQ to become conductive. Hence, there is a mini-
mum thresheld level automatically built into the conirol
means used for sensing lamp current. This threshold
level may readily be changed, for instance by changing
the number of turns on primary winding PW. or by
placing a shunting impedance across secondary winding
Sw.

{n) In the control circuit related 10 and including
auxiliary transistor AQ, there are 10 main control ef-

R ]
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fects: (i} one associated with the fact that the magnitude
of the bias voltage on capacitor Cb tends to vary around
an average level as a function of the average ab_s_:olute
magnitude of the inverter's output current, and (ii} one
associated with the fact that the average level around
~ which the bias voltage varies may itself be varied, such
as by varying the magnitude of the base current pro-
vided to auxiliary transistor AQ, )

{0) Without any substantial loading on the LC circuit,
its Q-factor is quite high, and—absent proper control
measures—the magnitude of the voltage developing
across the tank-capacitor tends 1o become destructively
high. )

A large-magnitude voltage across the tank-capacitor
must by necessity be asscciated with an inverter output
current of correspondingly large magnitude. However,
a large-magnitude inverter output current will cause a
correspondingly high-magnitude negative bias on both
bias capacitors, but—absent lamp current of magnilude
sufficient to place transistor AQ inte conduction—par-
ticularly on bias capacitor Cb: the two bias capacitors
have 1o provide a positive current of magnitude propor-
tional to the average absolute magnitude of the invert-
er's outpul current; which means that the magnitude of
the negative bias voltage will have to increase with
increasing magnitude of the inverter output current.

It isthis' negative feedback feature, which relares ro
negative feedback of the rectified average magnitude of
the inverter's“output current, that provides for stable
contfollablef operation of a self-oscillating inverter
whose output is connected across an unloaded high-Q
series-Connected LC circuit.

(p) I f2Ct, the circuit arrangement of FIG. 1 may be
defined as an inverter that is Joaded by way of a high-Q
ned, LC circuit and arranged to self-oscillate by way
of pq"sili_\}e'_fej‘gdbﬁck derived from the inverter's tnstan-

' put’ current {and/or voltage) while at the
same time arranged to provide for controllable-magni-

tude otput’current (and/or voltage) by way of nega-
derived from the average absolute magni-

nverter’s output current (and/or voliage).

(@),50.a5 16 fully reset the saturable cores each cycle,
diodes: SDazand’ SDb should each have a relatively

high-magnitude forward voliage drop, such as might be
obtained b “using two ordinary diodes in series. How-
ever,inste ggusfhg ‘special diodes with high-magni-
wde forward voltage drops, it is acceptable to use ordi-
r vith added series-resistors, thereby effec-
tively'to increasé their forward voltage drops.

(r).The magnitude of the relatively high-magnitude
high-frequency voltage of FIG. 2¢ may be established
by various means, such as by properly sizing the resis-
tance value of resistor Ri.

(s) Some of the values associated with operating the 5

ballast with the kind of waveform indicated by FIG. 2¢
are as follows: (i) substantially relaxed specifications for
the tank-inductor; (ji) similarly relaxed specifications
for the tank-capacitor; (iii) reduced glow current prior
f0 lamp ignition, thereby providing for increased lamp
Tife; {tv} much improved lamp starting; (v) substantjally
reduced idling power; and (vi) more cost-effective com-
pliance with U.L. specifications relared to ground-fault
current.

(1) The RMS magnitude of the cathode heating volt-
age, which vohage is provided to each of the lamps’-
‘rhermionic cathodes by way of cathode heating wind-
mgs CHW, is such as to provide for proper cathode
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heating during the period before the lamps ignite. as
well as on 2 continuous basis thereafter.

During the briefl pulses provided by way of elements
Rc, Ct, Dt apd Rt, the RMS magnitude of the cathode
heating voltage is increased to zbout twice normal
valie. However, since the duration of each of these
pulses i1s so very brief (about 10 milli-seconds) com-
pared with the duration of each of the pertods between
such pulses (about 1000 milli-seconds), the net effect on
ithe temperature of the cathcdes is negligible. However,
with respect to lamp ignition, the effect is substantial
and beneficial. The briefly elevated RMS magnitude of
the cathode voitage gives rise to ionization of the lamp
gas along the cathodes’ surfaces, thereby greatly facili-
tating the ignition of the main gas columns of the tamps.

(u) While the RMS magnitude of the high-frequency
output voltage, as provided at output terminals POT1-
/POT2, may indeed be delermined by appropriate
choice of resistor Rt, the resulting magnitude is highly
dependent on the gain of transistor AQ.

To eliminate such dependence, an additional auxiliary
transistor may be placed in parallel with transistor AQ;
which addirtional transistor would have its emitter con-
nected with junction Jb and its collector connected
with the B— bus by way of a separate resistor. Then,
resistor Rt would be connected with the base of this
additional transistor instead of 1o the base of transistor
AQ. The resistance value of the separate resistor would
then be chosen such as to provide for the desired RMS
magnitude of the high-frequency output voliage,
whereas the value of resistor Rt would now be chosen
such as to provide adequate base current to bring tran-
sistor AQ into a fully conductive state.

(v} It is believed that the present invention and its
several attendant advantages and features will be under-
stood from the preceeding description. However, with-
out departing from the spirit of tke inventicn, changes
may be made in its form and in the construction and
interrelationships of its component parts, the form
herein presented merely representing the presently pre-
ferred embodiment.

I claim:

1. An arrangement comprising:

a source providing a manifestly current-limited AC
voltage at an AC output; the frequency of the AC
voltage being substantially higher than the fre-
quency of the power line voltage on an ordinary
electric utility power line: the source having a
control input; the AC voltage having an RMS
magnitude; the source having control means opera-
tive, on receipt of an action at the control input, 10
affect said RMS magnitude;

connect means operalive o permit connection of a
gas discharge lamp means with said AC outpur;
and

control means connected with the control input: the
control means being operative, provided said gas
discharge lamp means is not connected with the
AC output, 1o provide sajid action in such manner
as to cause the RMS magnitude ro be modulated at
a modulation frequency lower than the frequency

. of the power line voltage.

2. The arrangement of claim 1 wherein the frequency
of the AC voliage is substantially higher than that of the
power line voliage.

3. The arrangement of claim 1 wherein: (i} the RMS
magnitude is modulated between a relatively low RMS
magnitude and a relatively high RMS magnirude; and
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(ii) the relatively high RMS magnitude is approximately
1wice as large as the relatively low RMS magnitude.

4. The arrangement of claim I wherein the modula-
tion frequency is higher than one cycle per minute but
lower than ten cycles per second.

5. The arrangement of claim 4 wherein the modula-
tion frequency is approximately equal to about one
cycle per second.

6. The arrangement of claim 1 wherein, a brief period
after said gas discharge lamp is indeed connected with
the AC output, the RMS magnitude ceases to be modu-
lated.

7. The arrangement of claim 6 wherein said briel
period has a duration of abour one second.

8. The arrangement of claim 1 in actual combination
with said gas discharge lamp.

9. The arrangement of claim 1 wherein the contro]
means is additionally operative to permit control of the
maximum magnitude of any current flowing from the
AC output.

10. The arrangement of claim 9 wherein the control
mezns comprises adjustment means operative 1o permil
manual adjustment of said maximum magnitude.

11. An arrangement cCOmprising:

a source of electric power; and

a ballast means connected with the source of electric

power and operative to provide an AC voltage at
an AC outpui; the AC voltage being of frequency
subsequently higher than the frequency of the
power line voltage on an ordinary electric utility
power line: the ballast means being operative to
power a gas discharge lamp connected with the
AC outpur; the AC voliage being characterized by:
{i) whenever the gas discharge lamp is indeed con-
nected with the AC output and powered there-
from, being of a substantially constant RMS magni-
tude; and (i) whenever the gas discharge lamp is
not so connected, periedically varying, at a fre-
quency lower than that of the power line voliage,
between a minimum relatively low RMS magni-
tude and a maximum relatively high RMS magni-
tude.

12. The arrangement of claim 11 wherein said mini-
mum relatively law RMS magniinde is approximately
equal to said substantially constani RMS magnitude.

13, The arrangement of claim 11 wherein said maxi-
mum relatively high RMS magnitude is more than
about 509 larger than said substantially constant RMS
magnitude, ’

14. The arrangement of claim 11 wherein, whenever
the discharge lamp is not connected with the AC outpur
and powered therefrom, the AC voltage is amplitude-
modulated at a frequency substantially lower than 60
Hz.

15. An arrangement comprising:

a source of electric power;

a gas discharge lamp; and

a ballast means connected with the source of electric

power and operative 1o provide an AC voltage at
an AC output; the fundamental frequency of the
AC voliage being substantially higher than that of
the power line voltage on an ordinary electnic
utility power line; the gas discharge lamp being
connected with the AC output and operative to be
properly powered by the AC vohage provided
therear; the AC voltage being characterized by: (1)
before the gas discharge lamp has ignited, having
an RMS magnitede periodically alternating, at a
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frequency lower than tne fundamental frequency
of the power line voltage, between a relatively low
minimum RMS magnitude and a relatively high
maximum RMS magnitude; and (i) after the gas
discharge lamp has ignited, being of a substantially
constant RMS magnitude.
16. The arrangement of claim 15 wherein said rela-
tively high maximum RMS magnitude is lzrger that said
relatively low minimum magnitude RM3 magnitude by
at least one third.
17. An arrangement comprising:
a source of electric power;
a gas discharge lamp; and
a ballast means connected with the source of eleciric
power and operative to provide an AC vollage at
an AC outpus; the fundamental frequency of the
AC voliage being substantially higher than that of
the power line voliage on an ordinary electric
utility power line; the gas discharge lamp being
connected with the AC output and operative 1o be
properly powered by the AC voltage provided
thereat; the AC voliage being characterized by: (i)
before the gas discharge lamp has ignited, periodi-
cally varying at a frequency lower than about &0
Hz between a relatively low RMS magnitude and a
relatively high RMS magnitude; and (ii} after the
gas discharge lamp has ignited, being of a substan-
tially constant RMS magnitude.
18. The arrangement of claim 17 wherein said rela-
tively low RMS magnitude 13 about equal to said sub-
stantially constant RMS magnitude.
19. The arrangement of claim 17 wherein said {irst
period of time is substantially longer than said second
period of time.
20. The arrangement of claim 17 wherein said rela-
tively low RMS magnitude is insufficiently high 1o
cause lamp ignition.
21. An arrangement comprising:
a source providing an ordinary power line voltage at
a pair of source terminals; and

frequency-converting ballast means connected with
the source terminals and operative 1o provide an
AC voltage at an AC ourpur; the fundamental fre-
quency of the AC voliage being substantially
higher than that of the power line voltage: a gas
discharge lamp being disconnectably connected
with the AC output; the AC voliage being ampli-
tude-modulated at a low frequency whenever the
gas discharge lamp means is disconnected other-
wise fails to draw a substantial current from the AC
output; the low frequency being substantially
lower than the fundamental frequency of the
power line voltage.

22. The arrangement of claim 21 wherein, whenever
the gas discharge lamp is not connecied with the AC

_output: (i) the RMS magnitude of the AC voltage varies

periodically between a minimum level and a maximum
level; and (i) the maximum level being larger than the
minimum level by about one third or more.

23. The arrangement of claim 21 wherein the low
frequency is higher than about 0.01 Hz but lower than
about 10 Hz.

24. An aFrangement comprising:

source ierminal means across which is provided an

ordinary power line voliage; and

ballast means connecied with the source terminal

means and operative to provide an AC voliage at
an AC output; the AC output being operative 10
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connec}: u;_ith and to b;: ;}Jlro;:gy lc])aded;):,_' a laﬂLP constant RMS magnitude; and (ii) whenever the
load: the frequency of the voltage being sub- . . )
stannially higher than that of the power line volt- AC output 15 not being properly loaded, being
age; the AC voltage being characterized by: (i) amplitude-modulated at a frequency lower than
whenever the AC output is indeed being properly $§ that of the power line voltage.

Toaded with a lamp load, being of a substantially * 2 ot =
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ENERGY-EFFICIENT COST-EFFECTIVE
ELECTRONIC BALLAST

Related Applications

This application is a Coniinuation of Ser. No.
07/614,037 filed Nov. 19, 1990, now abandoned;
which is a Continuation of Ser. No. 07/096,461
filed Sep. 15, 1987, now abandoned; which is a
Continuation-in-Part of Ser. No. 06/730,596 filed
May 6, 1985, now U.S. Pat. No. 4,855,860; which is
a Continuation-in-Part of Ser. No. 06/640,240 filed
Ang 13, 1984, now U.S. Pat. No. 4,563,719; which
is a Continuation of Ser. No. 06/412,771, filed Avg.
30, 1982, now abandoned.

BACKGROUND OF THE INVENTION

1. Field of Invention

The present invention relates to inverter-type elec-
tronic ballasts for gas discharge lamps, particularly of
the type wherein a gas discharge lamp is connected
with the inverter’s output by way of a series-excited
parallel-loaded resonant L-C circuit.

2. Description of Prior Art ’

Inverter-type clectronic ballasts for gas discharge
lamps of the type wherein the inverter output is con-
nected with the gas discharge lamp by way of a series-
excited parallel-loaded resonant L-C circuit are funda-
mentally cost-effective and energy-efficient Such bal-
lasts are described in prior art, such as in U.S. Pat. Nos.
4,461,980, 4,581,562 and 4,663,571 to Nilssen

However, a very basic problem associated with such
series-resonance-loaded inverter-type ballasts is that of
the likelyhood of self-destruction in the event that the
lamp is removed or otherwise fails to constitute a
proper load on the series-resonant 1.-C circuit.

The prior art has dealt with that problem in various
ways; and the issue now is basically that of finding a still
more cost-effective way of so doing.

SUMMARY OF THE INVENTION
Objects of the Invention

An object of the present invention is that of providing
an energy-efficient cost<effective inverter-type elec-
tronic ballast for gas discharge lamps.

More specifically, an object is that of providing an
energy-efficient cost-effective inverter-type ballast of a
type wherein the inverter is powering a gas discharge
lamnp by way of a series-excited parallel-loaded resonant
L-C circeit.

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

BRIEF DESCRIPTION

In its preferred embodiment, subject invention consti-
totes a series-excited parallel-loaded flnorescent lawmp
ballast comprising the following key component parts:

a source of DC voltage, which DC voltage is derived
by rectification of the AC voltage from a regular 60 Hz
power Hlne;

an inverter connected with the source of DC voltage
and operative to provide across an output a high-fre-
quency square-wave voltage, the imverter having con-
trol input means operative in response to a control sig-
nal to control the frequency of the squarewave voltage
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2
between a minimom frequency and a maximuom fre-
quency;

an L-C circuit series-connected across the output, the
L-C circuit having: i} a main tank-capacitor, i) 2 main
tank-indoctor, and iif} a natural resonance frequency
equal to the fundamental frequency of the squarewave
voltage at its minimum frequency;

a pair of auxiliary tank-inductors, ¢each magnetically
coupled to the main tank-inductor and connected by
way of an auxiliary capacitor to a pair of cathode power
output terminals, each auxiliary tank-inductor being
seTies-resonant with its auxiliary tank-capacitor at the
fundamental frequency of the squarewave voltage at its
maximum frequency;

a fluorescent lamp having a pair of main lamp power
input terminals and two pairs of cathode power mput
terminals;

connect means operative to connect: i) the main lamp
power input terminals across the tank-capacitor, and ii)
each pair of cathode power input terminals with one of

“the pairs of cathode power output terminals; and

control means: 1) responsive to lamp carrent flowing
through the fluorescent lamp, ii) connected with the
control input means, and i) operative to provide the
control signal in such manner as to increase the fre-
quency of the squarewave voltage in response to the
flow of lamp current;

whereby:

a) the inverter is protected from self-destruction by
making the frequency of the squarewave voltage
substantially higher than the L-C circuit’s natnral
resonance frequency whenever the L-C circuit is
inadequately loaded, as signified by absence of
lamp current; and

b) the amount of cathode heating power is reduced as
the magnitude of lamp current is increased, thereby
improving overall operating efficiency.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 schematically illustrates the preferred embodi-
ment of the invention

FIG. 2 illustrates a modified version of the preferred
embodiment.

FI@G. 3 shows varions voltage and current waveforms
associated with the preferred embodiment.

DESCRIFTION OF THE PREFERRED
EMBODIMENT

Details of Construction

In FIG. 1, a source S of 120 Volt/60 Hz voltage is
applied to a foll-wave bridge rectifier BR, the unidirec-
tional voltage output of which is applied directly be-
tween a B+ bus and 2 B+ bus, with the positive volt-
age being connected to the B4 bus.

Between the B4 bus and the B— bus are connected
a series-combination of two tramsistors Q1 and Q2 as
well as a series-combination of two energy-storing ca-
pacitors CI and C2.

A secondary winding CTIs of positive feedback cur-.
rent transformer CT1 is connected directly between the
base and the emitter of transistor Q1; a secondary wind-
ing CT2s of positive feedback current transformer CT2
s connected directly between the base and the emitter
of transistor Q2.

The collector of transistor QI is connected directly
with the B+ bus; the emitter of transistor Q2 is con-
nected directly with the B— bus; and the emitter of
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transistor Q1 is connected directly with the collector of
transistor Q2, thereby forming junction QJ.
One terminal of capacitor C1 is connected directly

with the B+ bus, while the other terminal of capacitor

C1 is connected with a junction CJ. One terminal of
capacitor C2 is connected direcily with the B— bus,
while the other terminal of capacitor C2 is connected
directly with junction CJ.

An inductor L and a capacitor C are connected in
series with one another and with primary windings
CT1p and CT2p of current transformers CT1 and CT2.

The series-connectsd primary windings CT1p and
CT2p are connected directly between junction QJ and
a point X. Inductor L is connected with one of its termi-
nals to point X and with the other of its terminals to
another point Y; and capacitor C is connected between
point Y and junction CJ.

A first auxiliary inductor A11 is coupled loosely with
tank-inductor L and is connected in series with a first
anxiliary capacitor AC1 and a first thermionic cathode
TC1 of a fluorescent lamp FL; a second auxiliary induc-
tor AL2 is also coupled loosely with tank-indoctor L
and is connected in series with a second auxiliary capac-
itor AC2 and a second thermionic cathode TC2 of fluo-
rescent lamp FL.

One of the terminals of thermionic cathode TC2 is
connected by way of a primary winding CTI3p of a
cuwrrent transformer CT3 to junction CJ; one of the
terminals of thermionic cathode T'C1 is connectsd with
point Y. A secondary winding CT3s has two terminals
and 2 center-tap; which center-tap is connected with the
B— bus.

Current transformer CT1 has a tertiary winding CT1t
connected between the B— bus and the anode of a
diode DI; the cathode of diode D1 is connected with
the cathode of a diode D2, whose anode is connected
with one of the terminals of a tertiary winding CT2t of
current transformer CT2. The other terminal of tertiary
winding CT2t is connected with the B— bus

A field effect transistor FET is connected with its
drain terminal to the cathodes of diodes D1 apd D2 and
with its source terminal to the B— bus. An adjustable
resistor AR is connected between the drain and source
.terminals. The gate terminal of transistor FET is con-
nected with the B4 bus by way of a resistor R1 and
with the B— bus by way of a resistor R2.

A control transistor CT is connected with its collec-
tor to the gate of transistor FET and with its emitter to
the B— bus. Its base is connected by way of & resistor
R3 to the cathode of a diode D3, whose anode is con-
nected with one of the terminals of secondary winding
CT3s of current transformer CT3. A diode D4 is con-
nected with its anode to the other terminal of secondary
winding CT3s and with its cathode to the cathode of
diode D3.

A filter capacitor FC and a resistor R4 are both con-
nected between the cathodes of diodes D3/1)4 and the
B— bus.

A resistor R5 is connected between the B4 bus and
‘the anode of a diode D5, whose cathode is connected
with junction QF. A Diac D6 is connected between the
anode of diode D5 and the base of trapsistor Q2. A
capacitor C4 is connected between the anode of diode
D5 and the B— bus.

FIG. 2 is identical to FIG. 1 except for having: a
Varistor V connected between junction CJ and point Y;
a resistor R6 comnected between the B4 bus and a
junction J; a capacitor C5 connected between junction
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J and the B— bus; and a Diac D7 and a resistor R7
series-connected between junction J and the base of
control transistor CT.

DETAILS OF OPERATION

In FIG. 1, source S represents an ordinary electric
utility power line, the voltage from which is applied
directly to the brdge rectifier identified as BR. This
bridge rectifier is of conventional comstruction and
provides for the rectified Line voltage to be applied to
the inverter circuit by way of the B4 bus and the B—
bus.

The two energy-storing capacitors C1 and C2 are
connected directly across the output of the bridge recti-
fier BR and serve to filter the rectified line voltage,
thereby providing for the voltage between the B+ bus
and the B— bus to be substantizlly constant in magni-
tude. Junction CJY between the two capacitors serves to
provide a power supply center tap.

The inverter circnit of FIG. 1, which represents a
so-called half-bridge inverter, operates in a manner that
is analogous with circuits previously described in pub-
lished lLterature, as for instance in U.S. Pat. No.
4,184,128 entitled High Efficiency Push-Pull Inverters.

Inverter oscillation is initiated by one or a few trigger
pulses applied to the base of transistor Q2 by way of the
combination of resistor RS, capacitor C4 and Diac D6.
Once the inverter starts operating, the provision of
tripger pulses ceases because diode D5 then prevents
capacitor C4 from reaching a voltage high enough 1o
cause Diac D6 to break down.

The output of the half-bridge inverter is a substan-
tially squarewave AC voltage provided between point
X and junction CJ. By controlling the degree by which
the saturable feedback current transformers CTL/CT2
are re-sct after each time they have beenr operative to
supply base current to their respective transistors
Q1/Q2, the frequency of this sqnarewave AC voltage
can be controfied between about 30 kHz and 60 kHz.

The degree to which the saturable feedback current
transformers are re-set-is determined by the magnitnde
of the voltage presented to the tertiary windings
CT1t/CT2t during the re-set pericd. By controlling the
magnitude of this voltage, the degree of re-set is con-
trolled correspondingly: the lower the magnitude of the
voliage present across the tertiary windings during the
re-set period, the lower the degree of re-set of the satu-
rable magnetic cores of feedback transformers
CT1/CT2.

And, the lower the degree of re-set, the shorter will
be the duration of the periods where the feedback trans-
formers provide drive current to the bases of transistors
Q1/0Q22, and the higher will be the frequency of the
squarewave AC voliage.

FIG. 3 illustrates the situation.

FIG. 3« depicts the collector-emitter voltage Veel of
transistor Q2 during a first situation where the magni-
tude of the voltage across the tertiary windings of satn-
rable feedback transformers CT1/CT2 is prevented
from exceeding a relatively low level—as indicated in
FIG. 35, which depicts the corresponding base-emitter
voltage Vbel

FIG. 3¢ depicts the collector-emitter voltage Vee2 of
transistor Q2 during a second situation where the mag-
nitude of the voitage presented to the tertiary windings
of saturable feedback transformers CT1/CT2 is permit-
ted to reach a relatively high level—as indicated in
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FI1G. 34, which depicts the corresponding base-emitter
voltage Vbe2.

The frequency of inverter operation prevailing dur-
ing the first sitnation is about twice that prevailing dur-
ing the second sitnation (60 kHz or so versus 30 kHz or

Saturable feedback transformers CT1 and CT2 are
both current transformers; which means that the magnij-
tude of the voltage developing across a secondary or
tertiary winding is a function of the magnitude of the
associated primary current as multiplied by the turns-
ratio and affected by the impedance characteristics of
the load presented to this secondary or tertiary winding.

In particular, when transistor FET is fully conduc-
tive (i€, acting like a short circuit}—which is the state it
does indeed assume as Jong as no current flows through
the floorescent lamp (FL)—each of tertiary windings
CT1t/CT2t is loaded with a forward-conducting diode
during the re-set peripds, while each of secondary
windings CT1s/CT2s s loaded with a forward-con-
ducting base-emitter junction during the drive periods.
In other words, both the tertiary and the secondary
windings are then loaded with a single forward-con-
ducting diode junction.

However, the tertiary windings have about three
Hmes as many turns as do the secondary windings;
which implies that the forward voltage drops presented
by diodes D1/D2 to the tertiary windings have substan-
tially less effect (per unit time) in terms of re-setting the
magnetic cores of transformers CT1/CT2 than do the
forward voltage drops presented to the secondary
windings by the base-emitter junctions of tramsistors
Q1/Q2 bave in terms of setting the magnetic cores.

As a consequence of positive feedback, each transis-
tor receive base current until its associated saturable
feedback transformer reaches saturation; and the length
of time it takes for this saturation to occur is propor-
tional to the degree by which the magnetic core of the
saturable feedback transformer has been reset.

FIGS. 3a and 3c also indicate the collector currents
Ic1 and Ic2 flowing through transistor Q2 in correlation
with collector-emitter voltages Vel and Vce2 and
base-emitter voltages Vbel and Vbe2, all respectively.

‘When transistor FET is conducting, the sitnation of
FIGS. 34 and 3} prevails; when transistor FET is non-
conducting, the situation of FIGS. 3¢ and 34 prevails. -

The conditions prevailing when transistor FET is
nonconducting can be adjusted by adjustable resistor
AR; which means that the lower inverter frequency can
be adjusted by adjusting adjustable resistor AR.

The loosely coupled auxiliary inductors AL1 and
ALZ2 are each tuned to series-resonate with anxiliary
capacilors ACI and AC2, respectively, at the higher
inverter frequency; which means that, when the in-
verter frequency changes to the lower frequency, the
amount of power provided to the cathodes will dimin-
ish significantly. The degree of diminishment can be
chosen by way of choosing the loaded (operating) Q of
the series-resonant circuits consisting of ALL/ACI and
AL2/AC2.

In the arrangement of FIG. 1, in the initial mode of
the ballast, when the inverter oscillates at its higher
frequency, the magnitude of the voltage present across
tank-capacitor C is so arranged as to be just adequate to
cause lamp current to start flowing after the cathodes
have become thermionic. Then, as soon as some lamp
current is flowing, current will be provided to the base
of control transistor CT; which will then act to cavse
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transistor FET to change to its non-conductive state,
thereby cansing the inverter to reduce its frequency to
the lower frequency, which will then increase lamp
current to its proper operational level.

If the lamp is non-connected, or if the lamp otherwise
fails to conduct current, the ballast will rem=in in its
inijtial mode of oscillating at the higher frequency.

In the arrangement of FIG. 2, the initial higher-fre-
quency inverter mode is such as to provide proper cath-
ode heating, but inadequately high voltage across the
tank-capacitor to cause any significant amount of the
cirrent to flow throngh the lamp. Instead, to get the
lamp ignited, after the initial mode has existed for about
one second, a pulse is provided to the base of control
transistor CT; which pulse is arranged to last for about
5 milli-seconds, thereby causing transistor FET to be-
come non-conductive for a period of about 5 milli-
seconds; which means that the mverter will oscillate at
its lower frequency for that length of time.

After the cathodes have been pre-heated for about
one second (or 1000 milli-seconds), the lamps are ready
to ignite; and they then do indeed ignite within the 5
milli-second period during which the inverter oscillates
at its lower frequency—this being so for the reason that

the high-Q L-C circuit (which consists of tank-inductor -

L and tank-capacitor C) is resonant at or near this lower
frequency; which means, due to socalled Q-multiplica-
tion, that the magrnitude of the voltags developing
across the tank-capacitor will increase until limited by
whatever load is present thereacross.

After the lamps ignite (ie., as soon as lamp curreat
starts flowing), by means of lamp current sensing trans-
former CT3, control current will be provided to the
base of control transistor CT, which will then assore
that the invester will remain in its position of oscillating
at the lower frequency as long as lamp current is indeed
flowing.

However, if the lamps were to fail to conduct curren-
t—perhaps because they were to become inopetative or
removed—the inverter will revert to its initial mode of

. oscillating at its higher frequency; whereafier each 1000

milli-seconds it will for a period of 5 milli-seconds
change mode to oscillate at the lower frequency.

If lamp current were to fail to flow, the magnitude of
the voltage developing across the tank-capecitor will be
limited by the Vanstor, the (pon-linear) characteristics
of which are s0 chosen as to clamp the voltage magni-
tude to just the proper level to provide for proper lamp
starting. Then, after the lamps have ignited, the magni-
tude of the voltage across the tank-capacitor will de-
crease to a lower level due to the loading provided by
the lamps; which lower level is substantially lower than
the level at which the Varistor provides for voltage
clamping. Thus, after the lamps have ignited, corrent
will cease to flow through the Varistor.

Since, in a series-excited parallel-loaded resonant
high-Q L-C circuit, the power provided to the load is
approximately proportional to the magnitnde of the
voltage developing across the load, the power provided
to the Varistor when it is operative to effect voltage
clamping is higher than that provided to the lamps
during normal operation; and it is higher by a degree
corresponding to the degree by which the lamps” start-
ing voltage is higher than the lamps’ operating voltage.

With two series-connected rapid-start lamps, the ratio
between starting voltage and operating voltage is abont
L5,

[ L T
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Since the power provided to the lamps during normal
operation is about 60 Watt, the power dissipated in the
Varistor during any periods when it is constituting the
load on the resonant L-C circuit will be about 90 Watt.
However, even under the worst of circumstances, the
Varistor can only be subject to this 90 Watt load for
only about 5 milli-seconds once each 1000 milli-seconds;
which means that the average dissipation of the Varis-
tor can not exceed 0.5 Watt. Of course, these worst of
circumstances would only occur if the lamp load were
to be disconnected (or if it were to fail to ignite) for an
extended period of time; in which case the output voit-
zge provided from the ballast would alternate about
once each second between a relatively low-magnitude
minimum level and a relatively high-magnitude maxi-
mum Ievel: the mintmum level corresponding to a rela-
tively high frequency, the maximum level correspond-
ing to a relatively low frequency.

Additional Comments

2) The setting of adjustable resistor AR will deter-
mine the amount of power provided to the lamps
during their normal operation; which implies that
adjustable resistor AR may be used as a dimming
means: the higher the resistance value of AR, the
higher the power level provided to the lamps.

b) Transistor FET is a field effect transistor. How-
ever, a bi-polar transistor could just as well have
been used.

¢) It is possible by varying the amount of inftial bias

. on the gate of transistor FET to control the effec-
tive initial impedance of this tranmsistor, thereby
effectively permitting a gradual or continuous
feedback arrangement rather than the abrupt ON/-
OFF feedback arrangement actnally described.

d) It is believed that the present invertion and its
several attendant advantages and features will be
mderstood from the preceeding description. How-
ever, without departing from the spirit of the in-

vention, changes may be ade in its form and in the,

construction and interrelationships of its compo-
nent parts, the form herein presented merely repre-
senting the presently preferred embodiment.

1 claim:

1. A combination comprising:

a source providing an AC voltage at an AC output,
the source: () having control means responsive to a
control input, (ii) when receiving the control input,
being operative to canse the AC voltage to be of a
substantially constant frequency, and (iif) when not
receiving the control imput, being operative to
cause the frequency of the AC voltage to alternate
between a higher frequency and a lower frequency;

gas discharge lamp means connected with the AC
output and sometimes opérative to be ignited and
to draw a lamp current therefrom; and

sensing means connected in circuit with the gas dis-
charge lamp means and operative: (i) to sense the
presence of the lamp current whenever it is flow-
ing, and (ii) in response to the presence of the lamp
current, to provide the control input;

whereby: (i) whenever the gas discharge lamp means
fails to draw the lamp current, the frequency of the
AC voltage alternates between the higher and the
lower frequency, and (i) whenever the gas dis-
charge lamp means does indeed draw the lamp
current, the AC voltage is of the substantially con-
stant frequency.
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2. The combination of claim 1 wherein the substan-
tially constant frequency equals the lower frequency.

3. The combination of ¢laim 1 wherein, during a
period when the frequency of the AC voltage does
alternate between the higher and the lower frequency,
most of the time during that period the AC voltage
would be of the higher frequency.

4. The combination of claim 1 wherein: (i) the gas
discharge lamp means comprises thermionic cathode
means operative, after having been provided with cath-
ode heating power for a bref period, to condition the
gas discharge lamp to ignite from the AC voltage pro-
vided to it, and (ii} the source comprises cathode heat-
ing power supply means operative, whenever the con-
trol input is not being provided, to provide cathode
heating power to the thermiopic cathode means.at a
certain rate.

5. The combination of claim 4 wherein, whenever the
control input is being provided, any cathode heating
power provided by the cathode heating power supply
means is substantially lower than said certain rate.

6. In 2 ballasting means for 2 gas discharge lamnp, the
ballasting means providing a first AC voltage at a first
output and a second AC voltage at a second output,
both outputs being connectable with the gas discharge
lamp, both AC voltages being of the same frequency,
the gas discharge lamp having a thermionic cathode
connected with the first output and a pair of main lamp
terminzals copnected with the second output, the im-
provement comprising:

control mezns connected within the ballasting means

and operative to cause the ballasting means to oper-
ate in either of two modes: (1) a first mode wherein
the magnitude of the first AC voltage is relatively
high, thereby providing a relatively high rate of
cathode heating power to the thermionic cathode,
the first mode prevailing as long as substantially no
power is being drawn from the second cutput, and
(ii) a second mode where the magnitude of the first
AC voltage is relatively low, thereby providing a
relatively low rate of cathode heating power to the
thermionic cathode, the second mode prevailing as
long as a substantial amount of power is being
drawn from the second output.

7. In a ballasting means for a gas discharge lamp, the
ballasting means providing a first AC voltage at a first
output and a second AC voltage at a second output,
both outputs being connectable with the gas discharge
lamp, both AC voltages being of the same frequency,
the gas discharge lamp having a thermionic cathode
connected with the first output and a pair of main lamp
terminals connected with the second output, the im-
provement comprising:

control means connected within the ballasting means

and operative to cause the ballasting means to oper-
ate in either of two modes: (i) a first mode wherein
the magnitude as well as the frequency of the first
AC voltage is relatively high, thereby providing a
relatively high rate of cathode heating power to
the thermionic cathode, and (i) a second mode
where the magnitude as well as the frequency of
the first AC voltage is relatively low, thereby pro-
viding a relatively low rate of cathode heating
power to the thermionic cathode, the second mode
prevailing as long as a substantial amount of power
is being drawn from the second output.

:’"‘..l
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8. The improvement of claim 7 wherein: (i) the first
mode represents a lamp conditioning mode, and (1) the
second mede represents a lamp operating mode.

9. A combination comprising:

a source providing an AC power line voltage at a pair
of power line terminals; the AC power line voltage
having a first frequency;

gas discharge lamp means having a pair of lamp ter-
minals; and '

ballast means having a pair of inpui terminals con-
nected with the power line terminals and a pair of
output terminals connected with the lamp termi-
nals; the ballast means being operative to provide
an alternating output voltage at the output termi-
nals; the alternating output voltage having a second
frequency; the second frequency being substan-
tially constant whenever the gas discharge lamp
draws more than a certain amount of power from
the output terminals; the second frequency exhibit-
ing periodic variations whenever the gas discharge
lamp draws substantially less than said certain
amount of power from the output terminals.”

10. The combination of claim 9 wherein: (i) the sec-

ond fregquency is substentially higher than the first fre-

25

10

a source providing an AC power line voltage at a pair

of power line terminals; the AC power line voltage
having a first frequency and a first period;

gas discharge lamp having a pair of lamp terminals;

and

a ballasting circuit baving a pair of input terminals

connected with the power line terminals and 2 pair
of output terminals connected with the lamp termi-
nals; the ballastig circuit being operative to provide
an alternating output voltage at the output termi-

_nals; the alternating output voltage having a second

frequency substaptially higher than the first fre-
quency as well 25 a second period substantially
shorter than the first period; the second frequency
being substantially constant whenever the gas dis-
charge lamp draws more than a certain amount of
power from the output terminals; the second fre-
quency exhibiting periodic varations whenever
the gas discharge lamp draws substantizlly less
than said certain amount of power from the output
terminals; the periedic variations being character-
ized by having a third frequency and a third pertod;
the third frequency being substantially lower than
the first frequency; the third period being substan-
tially longer than the first period.

quency; and (i) the periodic variations have a period 12. The arrangement of claim 11 wherein the ballast-
defined as the period of the periodic variations, which  ing circuit is also characterized by having frequency-
period of the periodic variations is substantially longer discriminating circuitry connected in circuit with its
than the period of the AC power line voltage. output terminals.

11. A combination comprising:
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ELECTRONIC BALLAST FOR GAS
DISCHARGE LAMP

' RELATED APPLICATIONS

The present application is a continuation of Ser. No.
07/751,587 filed Aug. 22, 1991, now abandoned; which is a
continuation of Ser. No. 07/546,267 filed Jun. 29, 1990, now
abandoned; which is a continuation-in-part of Ser. No.
06/787,692 filed Oct. 15, 1985, now abandoned; which is a
continuation of Ser. No. 06/644,155 filed Aug. 27, 1984,
now abandoned; which is a continuation of Ser. No. 06/555,
426 filed Nov. 23, 1983, now abandoned; which was a
continuation of Ser. No. 06/178,107 filed Aug. 14, 1980,
now abandoned; which application Ser. No. 07/751,587 is
also a conlnuaton-in-part of Ser. No. 07/717,860 filed Jun.
19, 1991; which is a continuation of Ser. No. 07/636,246
filed Dec. 31, 1990, now abandoned; which is a continuation
of Ser. No. 06/787,692 filed Oct. 15, 1985, now abandoned;
which is a continuarion of Ser. No. (6/644,155 filed Aug. 27,
1984, now abandoned; which is a continnation of Ser. No.
06/555,426 filed Nov. 23, 1983, now abandoned; which is a
continuation of Ser. No. 06/178,107 filed Aug. 14, 1980,
now abandoned; which application Ser. No. 06/555,426 is
also a conlinuation-in-part of Ser. No. 06/330,599 filed Dec.
14, 1981, now U.S. Par. No. 4,441 087; which is a continu-
ation of Ser. No. 973,741 filed Dec. 28, 1978, now aban-
doned; which is a continuation-in-part of Ser. No. 890,586
filed Mar. 20, 1978, now U.S. Pat. No. 4,184,128; which
application Ser. No. 06/178,107 is also a continuation-in-
part of Ser. No, 23,849 filed Mar. 26, 1979, now U.S. Pat.
No. 4,279,011.

BACKGROUND OF THE INVENTION

Feld of Invention

Instant invention relaes to power-faclor-comected
inverter-type fluorescent lamp ballasting means operable to
" be powered from an ordinary electric uiility power line.

SUMMARY OF THE INVENTION

1. Objects of the Invention

An object of the present invention is that of providing a
reliable cost-effective fluorescent iamp ballasting means.

This as well as other objects, features and advantages of
the present invention will become apparent from the fol-
lowing description and claims.

2. Brief Description

In its preferred embodiment, instant invention comprises
a first half-bridge inverter that is powered from an unfiltered
full-wave-rectified ordinary 60 Hz electric utility power line
voltage. This first inverter provides at a first inverter gutput,
across which is series-connected a first tuned L-C circuit, a
first squarewave voltage of fundamental frequency between
about 30 and 33 kHz; which first squarewave voltage is
magnitude-modulated at 120 Hz.

The first tened L-C circuit, which is series-resonant at
about 30 kHz, is parallel-loaded by a full-wave high-fre-
quency rectifier whose DC output is applied to substantially
constant-magnitude DC voltage existing across a pair of
energy-sLoring capacitors.

Al a constant 30 kHz inverter frequency, the waveshape
of the current drawn from the power line is substantially that
of a squarewave in phase with the power line voliage,
thereby giving rise to a power factor of about 90%. How-
ever, by frequency-modulating the first inverter at 120 Hz,
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the waveshape of the line current is made to be substantially
thal of a sinewave in phase wilh the power line vollage,
thereby piving rise to a power faclor close 10 100% and a
iotal harmonic distortion of negligible magnilude.

A second half-bridge inverter is powered from the sub-
stantially constant-magnitude DC voltage and provides at a
second inverter outpul, across which is series-connected a
second tuned L-C circuil, a second squarewave voliage of
fundamental frequency between about 30 and 33 kHz.

The second tuned L-C circuit, which 15 also series-
resonant at about 30 kHz, is parallel-loaded by three series-
connected fluorescent lamps. The magnitude of the current
supplied to these three lamps is adjustable be adjusting the
frequency of the second inverter between about 30 and 33
kHz.

BRIEF DESCRIFTION OF THE DRAWING

FIG. 1 schematically illustrates a compact, screw-in,
self-ballasted fuorescent lamp assembly; which lamp may
advantageousty comprise the type of ballasting means rep-.
resented by the present invention.

FIG. 2 is a schematic diagram of a half-bridge inverter
and lasting circuit of the basic type used in the preferred
embodiment of the present invention.

FIGS. 3A-3D illustrate the waveforms of various volt-

ages and currents associated with the ballasiing circuit of
FIG. 2.

FIG. 4 illustrates the preferred embodiment of the present
invention.

FIG. 5{a-i} illustrates various voltage and current wave-
forms associated with the operation of the preferred embodi-
ment of the present invention.

DESCRIPTION OF THE INVENTION

Details of Construction of Screw-in Fluorescent Lamp

FIG. 1 illustrates a screw-in gas discharge lamp unit 10
comprising a folded fluorescent lamp 11 secured to an
integral base 12. The lamp comprises two cathodes 13, 14
which are supplied with the requisite high operating voltage
from a frequency-converting power supply and bailasting
circuit 16; which, because of its compact size, conveniently
fits within base 12.

Circuil 16 is connected by leads 17, 18 to a screw-type
plug 19 adapted for screw-in insertion into a standard
Edison-type incandescent lamp socket at which ordinary 120
Yolv/60 Hz power line voltage is available.

Details of Construction of the FIG. 2 Circuit

In FIG. 2, a power supply 23 is connected with the 120
Volt/60 Hz power line voltage and provides a center-tapped
DC output voltage for supplying a high-efficiency half-
bridge inverter circuit 24. The inverter circuit is operable to
provide a high-frequency {20-30 kHz) high-magnirude cur-
reni-limited voltage 1o a load 26, which actually represents
fluorescent lamp 11 of FIG. 1.

Power supply 23 comprises bridge rectifier 27 which
connects with 120 Volt/60 Hz power line lerminals 28, 29
and provides full-wave rectified power line voltage to two
senes-connected filier capacitors 34, 36; which filter capaci-
tors are: i} connected together at a center-tap 37, and 1i)
connected between a positive B+ bus 38 and 2 negative B—
bus 39.

Inverter circuit 24 is a half-bridge inverter comprising
transistors 42, 43 connected in series between the B+ bus
and the B— bus. The collector of transistor 42 is connected
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to the B+ bus 38, the emitter of transisior 42 and the
collector of transistor 43 are connected 1o 2 midpoini line 44
(**M™, and (he emitter of ransistor 43 is connected to the B~
bus 39.

Midpoint line 44 is connected to center-tap 37 through a
primary winding 46 of a \oroidal salurable core transformer
47, a primary winding 48 on an identical transformer 49, a
tank inductor 51 (L) and a seriesconnected tank capacitor
52 (0). Inductor 51 and capacitor 52 are energized upon
alternate transistor conduction in manner to be described
later. Load 26 is connected in parallel with capacitor 52.

Drive current to the base terminals of wransistors 42 and 43
is provided by secondary windings 53, 54 of transformers
49, 47, respectively, Winding 53 is also connected Lo mid-
point line 44 through a bias capacitor 56, while winding 54
is connecled o the B— bus 39 through an identical bias
capacitor 57. The base terminals of Lransistors 42 and 43 are
also connected to lines 38 and 44 through bias resistors 58
and 59, respectively, Shunt diodes 66 and 67 are connected
across the collector-emitter terminals of transistors 42 and
43, respectively. A capacitor 68 is connected across the
collector-emitier lerminals of transistor 43 10 restrain the
rate of voliage rise across those terminals.

A first optional biasing arrangement BA1 comprnises a
diode 69 connected with its cathode to the base of transistor
42 and with its anode to the cathode of a diode 71 by way
of a resistor 70; Lthe anode of diode 71 is connected with the
emitter of transistor 42 by way of a resistor 72; the cathode
of diode 71 is connecied with the un-dotied side of second-
ary winding 53 of transformer 49. A second optional biasing
arrangement BA2 comprises a diode 73 conmected with its
cathode to the base of transistor 43 and with its anode to the
cathode of a diode 75 by way of a resistor 74; the anode of
diode 75 15 connected with the emitter of transistor 43 by
way of a resislor 76; the cathode of diode 76 is connectred
with the un-doited side of secondary winding 54 of wrans-
former 47.

Details of Operation of the FIG. 2 Circuit

The operation of the circuit of FIG. 2 can best be
understood with additional reference to FIG. 3, which illus-
trates significant portions of the waveforms of the voltage ar
midpoint M (FIG. 3A), the base-emitter voltage on transistor
42 (FIG. 3B), the current through trapsistor 42 (FIG. 3C),
and the capacitor 52 voltage and the inductor 51 current
(FIG. 3D).

Starting al a point where iransistor 42 first stars to
conduct, current flows from the B+ bus 38 through windings
46 and 48 and inductor 51 10 charge capacitor 52 and returns
to the B+ bus through capacitor 34 (refer to the time period
designated I in FIG. 3). When the satrable iransformer 49
saturates at the end of period I, drive current to the base of
ransistor 42 will terminate, causing voltage on the base of
the transistor to drop to the negalive voltage stored on bias
capacitor 56 in 2 manner to be described, causing this
transistor to become non-conductive. As shown in FIG. 3¢,
current-flow in transistor 43 terminates at the end of period
I

However, since the current flowing through inductor 51
cannot change instantaneously, this current will now con-
tinue to Row from the B— bus 39 through capacitor 68,
eventoally causing the voltage at midpoint line 44 to drop to
the voliage level on the B~ bus {(period II in FIG. 3). Thus,
capacitor 68 restrains the rale of voltage change across the
colleclor and emitter terrninals of trapsistor 42.

The current through inductor 51 reaches its maximum
value when the voliage at midpoint line 44 is zero. During
period II1, the current will continue o low through inductor

20

4
51 but will be supplied from the B— bus through shuni diode

" 67. 1t will be appreciated that during the latter half of period

{1 and all of period II1, positive current is being drawn from
a negative voltage: which, in reality, means that energy is
being retummed to the power supply through a path of
relatively low impedance.

When the inductor current reaches zero at the start of
period IV, the current through the primary winding 46 of the
saturable inductor 47 will cause a current to flow out of its
secondary winding 54 to cause tensistor 43 10 become
conductive, thereby causeing a reversal in the direciion of
currerit through inducior 51 and capacitor §2. When trans-
former 47 salurates al the end of period IV, the drive current
to the base of wransistor 43 terminates and the current
through inducior 51 will be supplied through capaciior 68,
causing the vollage at midpoint 44 to rise (Period V). When
the voltage at the midpoint line M reaches the voltage on the
B+ bus, the current will then flow through shunt dlode 66
(period VI). The cycle is then repeated.

As seen in FIG. 3, saturable transformers 47, 49 prowde
transisior drive current onty after the current through induc-
ior 51 has diminished to zero. Further, the the transistor
drive currenl is lerminated before the current through induc-
tor 51 has reached its maximum amplitude. This coordina-
tan of base drive current and inductor current is achieved
because of the series-commection between the inductor 51

" and the primary windings 46, 48 of saturable transformers
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47, 49, respectively.

The senes-connected combination of inductor 51 and
capacitor 52 is energized vpon the alternate conduction of
wansistors 42 and 43. With a large value of capacitance of
capacitor 52, very litlie voltage will be developed across its
terminals. As the value of this capacitance is decreased,
however, the voltage across this capacitor will increae. As
the value of capacitor 52 is reduced 1o achieve resonance
with inductor 51, the voliage on Lthe capacitor will rise and
become infinite in a loss-free circuit operating under ideal
conditions.

It has been found desirable to regulate Lhe transistor
inversion frequency, determined mainly by the satrarion
time of saturable transformers 47, 49, to be equal 10 or
higher than the natural resonance frequerncy of the inductor
and capacitor combination-in order to provide a high voltage
outpul to external load 26.

Due to so-called Q-multiplication, a high-magnitude volt-
age develops across capacitor 52 as the Iransistor inversion
frequency approaches the natural resonance frequency of the
series-combination of inductor 51 and capacilor 52.

When inverter circuit 24 is used in the self-ballasted
fluorescent lamp of FIG. 1, it has been found that the
inversion frequency may be about equal to the namral
resonance frequency of the series L-C tank circuil consisting
of inductor 51 and capacitor 52. However, if the capacitance
value of capacitor 52 is reduced below the poimt of reso-
nance, unacceptably high transistor cumrents will result and
transistor burm-out will occur.

The sizing of capacitor 52 is determined by the particular
application of inverter circuit 24; but, as long as the com-
bined load presented to the oulput of inverter transistors 42,
43, has an effective inductance value sufficient 1o provide
adequate energy storage for self-sustained transistor inverter
action, the current-feedback provided by saturable trans-
formers 47, 49 will effect alternate transistor conduction
without the need for additional voltage-feedback.

Because the voltages across transistors 42, 43 are refa-
tively low (due to the absolute voltage-clamping effect of
capacitors 34, 36), the half-bridge inverier 24 is very reli-
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able. The absence of swilching transienis minimizes the
possibility of wansistor burm-out.

Inverter circuit 24 comprises means for supplying reverse
bias to the conducting transistor upon sawration ol its
associaled saturable wansformer. For this purpose, capaci-
Lors 56 and 57 are charged to negative vollages as a result of
resel currents flowing into secondary windings 53, 54 from
the bases of Iransistors 42, 43, respectively. This reverse
current rapidly turns off a conducling transistor Lo increase
iis switching speed and 10 achieve high inverter switching
efficiency. ) :

When a transistor base-emitter junction is reversely
biased, it exhibits the characteristics of a Zener diode,
having a reverse breakdown voltage on the order of 8 to 14
Volu for transistors typically used in high-voltage inverters.

Since load 56 comprises a fuorescent lamip, the maximum
magnitude of the voltage across capacitor 52 will be limited
by the lamp’s ignition and operating characteristics, thereby
effectively prevening voliages across inductor 51 and
capacitor 52 from ever reaching destructive levels.

The above-presented explanation of the operation of the
FIG. 2 inverter circuit was based on the two biasing arrange-
ments {BAl and BA2) being non-connected.

With these biasing arrangements actuatly connected as
indicated, the inverter's operation will become independent
of ithe exact magnitudes of the transisiors’ base-emitter
Zenering voliages. Instead, the magnitude of the negative
bias voltage established on each of capacitors 56 and 57 can
now be chosen by choice of resistance value of resistor 72
and/or resistor 76: the lower Lhe resistance value, the lower
the magnitude of the associated negative bias voltage; and,
in turn, the longer the transistors” ON-time, the lower the
inverter's self-oscillating frequency, and the higher the mag-
nitudes of the inverter’s ountput current and power.

By providing for means whereby the resistance values of
resistors 72 and 76 can be manually adjusted (in tandem
andfor individually), the power provided to the fluorescem
lamp may be comrespondingly adjusted: the lower the resis-
tance values, the more power provided to the lamp.

Moreover, due to the negative feedback effect inherently
provided by resistors 72 and 74, the inverter may be made
to operate safely even with the fiuorescent lamp being
non-connecied.

This negative feedback effect is due to the fact that; as the
magnitude of the current flowing through the L-C circuit
increases, the magnitudes of the drive currents provided to
the transistors’ bases increase, and the magnitudes of the

currents drawn out of capacitors 56 and 57 increase corre-

spondingly; which, in turn, increases the magnitudes of the
negative bias voliages present on these capacitors to the
point where the magnitudes of the currents flowing through
resistors 72 and 76 equal those of the increased base
currents. However, Lhe increased negative bias voltages will
inherently shorlen the transisiors” ON-times; which, in turn,
will increase the inverter frequency, thereby reducing the
inverter’s output current; etc. In other words, the indicated
biasing arrangements provide for an automatic setf-limiting
of the magnitude of the inverter’s output current.
Additional Comments re the FIG. 2 Circuit

a) With commonly available components, inverter circuit
24 can be made to operate efficiently at any frequency
between a few kHz to perhaps as high as 50 kHz. However,
for various well-known reasons (i.e, eliminating audible
noise, minimizing physical size, and maximizing efficiency),
the frequency actually chosen for the lamp unit of FIG. 1
was in the range of 20 to 30 kHz. '

b) The fluorescent lighting unit of FIG. 1 could be made
in such manner as to permil Auorescent lamp 11 to be
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disconnectable from its base 12 and bailasting means 16.
However, if powered with normal line voltage without its
lamp load connected, frequency-converiing power supply
and ballasung circuit 16 is apt to self-destruct,

To avoid such self-destruction, arrangements can readily
be made whereby the very act of removing the load auto-
matically establishes a siluation that prevents the possible
destruclion of the power supply and ballasting means. For
instance, with the tank capacitor (52) being permanently
connected with the lamp load (11} —thereby automatically
being removed whenever the lamp is removed—the inverter
circuit is protected from self-destruction.

c) At frequencies above a few kHz, the 1pad represented
by a fluorescent lamp—once il is ignited—is substantially
resistive. Thus, with the vollage across Iamp 11 being of a
substantially sinusoidal waveform (as indicaled in FIG. 3d),
the current through the lamp will also be substanijally
sinusoidal in waveshape.

d) In the fluorescent lamp unit of FIG. 1, fluorescent lamp
11 is connected with power supply and ballasting circuit 16
in the exacl same manner as is load 26 connected with the
circuit of FIG. 2. That is, it is connected in parallel with the
tank capacitor (52) of the L-C series-resonan! circuit. As is
conventional in insiant-start fluorescent lamps—such as
lamp 11 of FIG. 1—the two terminals from each cathode are
shorted together, thereby to constitule a situation where sach
cathode effectively is represented by only a single terminal.
However, it is not necessary that the (wo terminals from each
cathode be shorted together; in which case—for instant-start
operation— connection from a lamp’s power supply and
ballasting means need only be made with one of the termi-
nals of each cathode.

e) It is noted that the transistor's ON-time is shorter than
half the period of the inverter's high frequency squarewave
voliage output;, which voltage output is illustrated by FIG.
3A.

The fact that each of the transistors’ ON-times is shorter
than half the period of the inverter's high frequency output
voliage {or outpul current) is important: it inherenly pro-
vides for 2 sitzation where the two transistors are manifestly
prevented from conducling at the same time, thereby pro-
viding protection against circuit failure due to excess-mag-
nitude transistor currents.

f) By adjusting the resistance values of resistors 72 and/or
76, the ON-times of the associaied transistors are adjusted
accordingly. For instance, by increasing the resistance value
of resistor 76, the ON-time associated with transistor 43 is
shortened; and, as a result, the magnitude of the curremt
prvided 10 the load 26 is reduced.

Details of Construction of the Preferred Embodiment

In FIG. 4, a source S represents an ordinary electric utility
power line providing 120 Volt/60 Hz power line voltage to
the input of a bridge rectifier BR, whose DC output is
applied between a DC— bus and a DC+ bus.

A high-frequency filter capacitor HFCa is connected
between a junction Jdc and the DC+ bus; a high-frequency
filter capacitor HFCb is connected between the DC— bus and
junction Jde.

A tank capacitor C1 is connecied between junction Jdc
and a junction J1; a tank inductor L1 is connected between
Jjunction J1 and a juncticn Jx.

A transistor Q1a is connected with its collector to the DC+
bus and with its emitter to a junction bus JBI; a transistor
Q1b is connecled with its collector to junction bus JB1 and
with its emitter to the DC- bus. A commulating rectifier
CR1ais connected with its cathode to the DC+ bus and with
its anode to junction bus JB1; a commutating reclifier CR1b
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is connected with its cathode to junction bus JB1 and with
its anode to the DC— bus.

Primary windings CT1ap and CT1bp of saturable current
transformers CT1a and CT1b, respeclively, are series-con-
necied between junctlion Jx and junction bus JBI.

Secondary winding CTlas of transformer CTla is con-
nected between the base of transistor Q1a and the cathode of
a diode D1a2, whose anode is connected with junction bus
JB1 via a resistor R1a2. A diode Dlal is connected with its
cathode to the base of transistor Qla and with its anode 10
the cathode of diode D1a2 via a resistor R1al. A resislor R1a
is connected between the DC+ bus and the base of transistor
QIa A bias capacitor BCla is connected belween the
cathode of diode D1a2 and junction bus JB1.

Secondary winding CT1bs of transformer CT1b is con-
nected between the base of transistor Qlb and the cathode of
a diode D1b2, whose anode is connected with the DC- bus
via a resistor R1b2. A diode D1bl is connected with its
cathode to the base of transistor Q1b and with its anode Lo
the cathode of diode D1b2 via a resistor R1bl. A resistor
R1b is connected between junction bus JB1 and the base of
transistor Q1b. A bias capacitor BC1b is connected between
the cathode of diode D1b2 and the DC-bus.

A high-speed rectifier HSRa is connected with its anode
to junction J1 and with its cathode to a B+ bus; a high-speed
rectifier HSRb is connected with its cathode to junction J1

_ and with its anode to a B— bus. .

An energy-storing capacitor ESCa is connected between
a junction Je and the B+ bus, junction Je being connected
with junction Jdc; an energy-storing capacitor ESCb is
connected belween junction Je and the B— bus.

A tank capacitor C2 is connected between junction Je and
a junction J2; a tank inductor is connected belween junction
J2 and a junction Jy.

A transistor QQ2a is connected with its collector to the B+
bus and with its emitier to a junction bus JB2; a transistor
Q2b is connected with its collector to junction bus JB2 and
with its emitter to the B— bus. A commutating rectifier CR2a
is connected with its cathode to the B+ bus and with is
anode to junction bus JB2; a commutating rectifier CR2b is
connected with its cathode 10 junction bus JB2 and with its
anode to the B-bus.

Primary windings CT2ap and CT2bp of saturable current

“transformers CT2a and CT2b, respectively, are series-con-
nected between junction Jy and junction bus JB2.

Secondary winding CT2as of transformer CT2a is con-
nected between the base of transistor Q2a and the cathode of
a diode D2a2, whose anode is connected with junction bus
JB2 via a resistor R2a2. A diode D2al is connected with its
cathode 1o the base of transistor Q2a and with its anode to
the cathode of diode D2a2 via a resistor R2al. A resistor R2a
is connected between the B+ bus and the base of transistor
Q2a A bias capacitor BC2a is connected between the
cathode of diode D222 and junction bus JB2.

Secondary winding CT2bs of transformer CT2b is con-
nected between the base of transistor Q2b and the cathode of
a diode D2b2, whose anode is connected with the B-bus via

* aresistor R2b2. A diode D2bl is connected with its cathode
to the base of transistor Q2b and with ils anode (o the
cathode of diode D2b2 via a resistor R2bl. A resistor R2b is
connected between junction bus JB2 and the base of tran-
sistor Q2b. A bias capacitor BC2b is connecied between the
cathode of diode D2b2 and the B-bus.

An auxiliary winding AW is wound as a loosely coupled
secondary winding on tank inductor L2 and connected
between the B— bus and an output terminal OT1. A DC
blocking capacitor BC is connected between junction J2 and
an output terminat OT2.
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Also wound on tank inductor L2 are four cathode wind-
ings CW; which four cathode windings are connected with
corresponding pairs of cathode terminals of three series-
connecied fluorescent lamps FL.1, FL.2 and FL3; which three
fluorescent lamps are series-connected across outpul termi-
nals OT1 and OT2.

An inverter control means [ICM is connected between the
DC-bus and the DC+ bus, as well as with the anode of dicde
D1b2; which inverter control means consists of: (i) a phole-
sensilive tesistive means PSRM connected between the
anode of diede D1b2 and the DC— bus; and (i) a ligh-
emitting means LEM, such as a light-emilting diode (or
LED), connected in series with a conwuel resistor CR
between the DC— bus and the DC+ bus. Light-emitting
means LEM is so positioned and arranged that its light
output impinges on a light-receptive part of photo-sensitive
resistive means PSRM.

The half-bridge inverter with Ql1a and Q1b as its switch-
ing Iransistors is identified as power-factor-correcting
inverter PFCl; and the half-bridge inverter with Q2a and
Q2b as its switching transistors is identified as ballast
inverter BI.

Details of Operation of the Preferred Embodiment

The operalion the preferred embodiment of instant inven-
tion may best be understood when read with reference io
FIG. 5; which illustrates various current and voltage wave-
forms associated with the operation of the ctrouit arrange-
ment of FIG. 4. .

With relerence 10 the waveforms of FIG. 5 and the circuit
arrangement of FIG. 4, as long as the magnitude of the DC
voltage existing between the B— bus and the B+ bus remains
substantially constant, waveform: (a) represents that of the
120 VYol/60 Hz power line voliage supplied from source S;
(b) represents the corresponding DC voltage present
between the DC— bus and the DC+ bus; (c) represents the net
current provided via high-speed rectifiers HSRa and HSRb
10 energy-storing capacitors ESCa and ESCb; (d) represents
the current drawn from the DC output of bridge rectifier BR;
and (e) represents the waveform of the current drawn from
source S. Waveform (f) represents the curreni that would be
drawn from source S in case the light from light-emitting
means LEM were to be kept at a constant intensity, such as
would occur if a filter capacilor were to be connected
thereacross.

The two half-bridge inverters (PFCI and BI) both operate
in the same basic manner as does the half-bridge inverter of
FIG. 2.

In case of the PFCI inverer, the load constitutes the
substantially constant-magnitude DC voltage present across
energy-storing capacilors ESCa and ESCb; in case of the Bl
inverier, the principal load constitutes the three series-
connected fluorescent lamps FL1, FL2 and FL3.

In the overall operation of the circuit of FIG. 4, the PFC]
inverier continually charges the two energy-storing capaci-
tors (ESC#/ESCh), while the BI inverter continually dis-
charges these same energy-storing capacitors. Thus, the
magnitude of the DC voltage across these energy-sioring
capacitors will stabilize at 2 point where the average rate of
capacitor-charging equals the average. rate of capacitor-
discharging.

While the average rate of capacitor-charging is essentially
fixed for a given magnitude of the voltage supplied by the
source (S), the average rate of capacitor-discharging
increases with increasing magnitude of the DC voliage
present across the energy-storing capacitors (ie., between
the B— bus and the B+ bus).

Absent any control by inverier control means ICM, a
basic characteristic of the series-driven parallel-loaded PFCI
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inverter powering a constani-vollage-magnitude load, such
as indeed represented by capacitors ESCa/ESCb, is that the
instantaneous magnitude of the current provided to this load
will be roughly proportional io the instantaneous magnitude
of the DC voltage powering the inverter. Thus, absent
control, the magnitude of the charging current supplied to
capacitors ESCa/ESCb will vary in proportion with the
magnitude of the DC vollage present between the DC- bus
and the DC+ bus.

However, another basic characteristic of the PFCI invener
is that, with a “constant-magnitude DC voliage present
between the DC— bus and the DC+ bus, the magnitude of the
charging curmrent supplied to capacitors ESCa/ESCb is
roughiy proportional to the conductance of photo-sensitive
resistive means PSRM; which, in tum, is roughly propor-
lional to the amount of light emitted from light-emiling
means LEM; which, in turn, is roughly proportional 1o the
magnitude of the current flowing through light-emiting
means LEM; which, in turn, is roughly proportional 1o the
magnitude of the DC voltage present between the DC- bus
and the DC+ bus.

Thus, with the amount of light emitted by light-emitting
means LEM being roughly propertional 1o the instantaneous
magnitude of the DC voltage present between the DC— bus
and the DC+ bus, the instantaneous magnitude of the charg-
ing cumment supplied to capacitor ESC2/ESCb will be
roughly proportional to the square of the instanmaneous
magnitude of that DC voliage.

As an overall consequence, the instantaneous magnitude
of the current drawn by the PFCI inverter will be roughly
proportional to the instantaneous magnitude of the DC
voliage present betwen the DC—bus and the DXC+ bus; which
is to say that the instantancous magnitude of the current
drawn from the power line {i.e., source 5} will be propor-
tional to the instantaneous magnitede of the voliage pro-
vided from the power line; which, in m, provides for the
power drawn from the power line by the circuit arrangement
of FIG. 4 to exhibil a power faclor close to unity (ie.,
100%). Moreover, the waveform of the current drawn from
the power line will exhibit an exceptionally low degree of
harmonic distortion. _

In effecting its control action, inverter control means ICM
causes both symmetry-modulation and frequency-modula-
tion of the inverter output voltage-provided between junc-
tion Jde and junction Jx. As illustrated by FIG. 5(g), this
inverter output voltage is a nearly symmetrical squarewave
of a certain frequency (about 30 kHz) whenever the instan-
tangous magnitude of the DC voltage between the DC— bus
and the DC+ bus is at its maximum (about 170 Volt).
However, with the instantancous magnitude of this DC
voltage being about half its maximum, the inverter output
voltage—as illustrated by FIG. 5(h)}—is a clearly assym-
metrical squarewave. Moreover, its frequency is now higher
(about 32 kHz). As indicated by FIG. 5(i), at a still lower
magnitude of the DC voltage between the DC~ bus and the
DC+ bus, the inverter output voltage is still more assym-
metrical and of still higher frequency.

Thus, the PFCI inverter effects its control action by a
combination of symmetry-modulation and frequency-modu-
lation.

Increasing frequency—other things being equal—pro-
vides for reduced-magnitude charging cumrent to energy-
storing capacitors ESCa/ESCb. This is so for the reason that
the natural series-resonance-frequency of the £2-C2 tuned
circuit is below the inverter’s actual frequency

Increasing asymmetry—other things being equal—also
provides for reduced-magnitude charging current to energy-
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storing capacitors ESCa/ESCb. This is so for the reason that
the magnitude of the fundamental frequency component of
the inverier’s outpul voliage decreases roughly in proportion
lo the degree of asymmetry.

As the degree of conductance of photo-sentiive resistive
means PSRM increases, the magnitude of the negative bias
voltage present acrass bias capacitor BC1b decreases; which
results 10 2 longer ON-time for transistor Q1b.

As for the Bl inverter, the operation is substantially as
described in connection with the circuit of FIG. 2, except for
the particular feature associated with anxiliary winding AW,

The phasing of the AW winding is such that the funda-
menltal frequency component of the high-frequency vollage
provided al output lerminal OT1 is substaniially out-of-
phase wilh the high-frequency voltage provided at ourput
terminal OT2. That way, the magnitude of the net voliage
provided across the three series-connected lamps is larger
than il would .be if the lamps had been connected directly
across tank capacitor C2.

In case of ordinary F40 or F34 T-12 Rapid-San fluores-
cent lamps, each lamp requires an operating voltage of RMS
magnitude equal to about 100 Volt; which implies a total
RMS magnitude of about 300 Volt across the three series-
connected [amps.

To reduce potentially dangerous electric shock effects, as
might result from capacitive coupling directly from the glass
envelope of the fluorescent tube to the hand of a person
instailing and/or removing the fluorescent lJamps from their
sockets, it is important that the magnitude of the lamp’s arc
voltage be not much higher than about 200 Volt RMS (at
about 30 kHz) with respect o ground. If it were 1o exceed
this 200 Volt RMS magnitude, a person might receive a
potentially dangerous electric shock effect merely from
grabbing the fivorescent tube at a point where the potential
of the ionized gas inside the glass envelope were higher than
200 Volt RMS with respect to ground.

In the particular arrangement of FIG. 4, the maximum
magnitude of the 30 kHz potential of the ionized gas within
the fuorescent glass tube is indeed maintained below
approximately 200 Volt RMS with respect to ground, in spite
of the fact that the three lamps require an operating voliage

_of 300 Yolt RMS magnitude. This result has been achieved

by way of the AW winding, whose output voltage—during
lamp operation—is about 100 Yolt RMS with respect to the
B- bus; which, with respect to the 30 kHz inverter voltage,
is indeed at ground potential. .

On the other hand, the magnitude of the voliage contrib-
uted by the AW winding should be as low as reasonably
possible for the reason that its waveform is of such nature as
to cause degradation of the lamp current crest factor; which
degradation is due to the fact that—contrary to the case with
the voltage across the tank capacitor (C2)—the waveshape
of the voltage present across the tank inductor (L2} includes
the full magnitude of the squarewave voltage provided at the
inverter's output (i.e., the voltage provided between junc-
tions Je and Jy).

Witk the DC voltage provided between the B—bus and the
B+ bus being of substantially constant magnitude, the lamp
current crest factor would be about 1.5 if the lamps were to
have been comnected directly across the tank capacitor.
However, had the lamps instead been connected directly
across the tank inductor, the lamp current crest factor would
have been far in excess of 1.7; which is normally considered
the maximum permissible level for ]amp current crest factor.
On the other hand, with only one third of the lamp voltage
derived from the tank inductor voliage, and with the remain-
ing two thirds being derived from the tank capacitor voltage,
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the net resulting lamp current crest factor is kept just below
}.7—as is indeed the casc in the arrangement of FIG, 4,
Additional Comments

(a} The reason that the AW winding is loosely coupled
with lank inducior L2 is related (0 minimizing detrimental
effects on lamp cument cresi factor duc to powering Lhe
lamps in part by the tank inductor voltage. By effectively
providing the tank inductor voilage to the Buorescem lamp
via 2 series inductance, the deirimental effects on lamp
current crest factor are indeed reduced. However, the same
result can be obtained by placing an inductor in series with
the fluorescent lamps.

{b) Light-emitting means LEM is likely not to be otally
linear in terms of light output as function of the magnitude
of the driving DC cument. Likewise, photo-sensitive resis-

" tive means is likely not Lo be 1otally linear with respect to s
effective conductance versus amount of light received. In
addilion, the symmetry-modulation and frequency-modula-
ton resulting from chanpes in Lhe conductance of the
photo-sensitive resistive means are not likely to be totally
linear. _

However, it is not necessary that these various relation-
ships be totally linear. Instead, the largest part of the
sought-after effect—namely power factor comeclion and
reduction of power line harmonics—will result even if the
various relationships be quite non-linear.

Of course, by carefully selecting and maiching the non-
linearilies of the different effects, as well as by introducing
various linearizing means, nearly any desired degree of final
power factor correction can be achieved.

(c) The time constant associated with bias capacitor BC1b
and its associated charge leakage means—namely resistor
R1b2 and photo-sensitive resitive means PSRM—must be
long with respect 1o 2 complete cycle of the 30 kHz invernter
frequency. However, this Lime consiant should be short
compared with 2 complete cycle of the 120 Hz ripple voltage
on the DC voltage present between the DC— bus and the
DC+ bus. )

(d) The waveshape of the high-frequency current fowing
from tank capacitor Cl of FIG. 4 is substantially sinusoi-
dal— with the positive halves lowing though rectifier HSRa
and the negative halves flowing through rectifier HSRb.

{e) The zbsolute instantaneous magnitude of the high-
frequency current flowing from junction J1 and through
rectifiers HSRa and HSRb is—except for any imperfections
in the HSRa/HSRb rectifiers—equal to that of the net DC
current fowing into energy-storing capacitors ESCa and
ESCh.

(f) The waveshape of the current flowing through the three
series-connected fluorescent lamps is also nearly sinusoidal;
except that a modest degree of distortion is introduced by the
harmonics of the compdpent of high-frequency voliage
provided by auxiliary winding AW. However, as long as the
magnitude of this component is kept relatively smatl com-
pared with the magnitude of the voltage provided from the
tank capacitor— say, no higher than about 50% thereof—the
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distortion of the lamp current is insufficient 10 cause sig-

nificant deterioration of the lamp current crest factor,

(g) Each of transistors Qla and Q1b (as combined with
their respective commutating rectifiers CR1a and CR1b) acts
as a rapidly operating ON-OFF switch—current flowing
through one or the other transistor, but never through both
transistors at the same time. The forward conduction time of
transistor Q1b decreases as the absolute magnitude of the
negative bias voltage on bias capacitor BClb increases.
Thus, with the instantaneous magnitnde of the DC voltage
presenl between the DC— bus and the DC+ bus being

65
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substantially equal o that of the AC power line voilage
provided from source S, the absolute magnitude of this bias
voltage varies synchronously with that of the AC power line
voltage; thereby, in tum, causing the effective ON-time of
transistor (J1b to vary synchronously with the absolule
magnitude of the AC power line voltage as well.’

(h) Tt is important that \he nalural resonance frequencies
of the £1-C1 and the L2-C2 series-tuned circuits of FIG. 4
are lower than (or at least not higher than) the operating (or
swilching) frequencies of the PFCI and the BI inverters,
respectivety.

(i) [t is believed that the present invention and its several
attendant advantages and features will be undersipod from
the preceeding descripiion. However, without departing
from the spiril of the invention, many changes may be made
in its form and in the selection. construction and interrela-
lionships of is constiluent parts, the form herein presented
merely representing the presently preferred embodiment.

I claim:

1. An arangement comprising:

frst rectifier means connected with a source of power line

voltage and operative to provide a first DC voliage aL a
first set of DC lerminals;

power conditioner means connected with the first DC

terminals and operative 10 provide z high-frequency
output voltage at a high-frequency output; the high-
frequency output voltage having a fundamental fre-
quency substantially higher than that of the power line
voltage; the power conditioner means including tuned
L-C circuit means having a tank inductor and a tank
capacitor; a capacitor voltage existing across Lhe tank
capacitor; the tank inductor having an auxiliary wind-
ing; an auxiliary voliage existing across the auxiliary
winding; the high-frequency output voltage being the
sum of the capacitor voliage and the auxiliary voltage;
the magnitude of the high-frequency output voliage
thereby being substantively higher than that of ihe
capacitor voltage by itself; and

gas discharge lamp means connected with the high-

frequency output and operative to be powered by the
high-frequency output voltage provided thereal.

2. An arrangement comprising:

rectifier means connected with a source of power line

voltage and operative to provide a DC voltage a1 a set
of DC terminals;

power conditioner means connected with the DC termi-

nals and operative to provide a high-frequency output
voltage at a high-frequency output; the high-frequency
output voltage having a fundamental frequency sub-
stantially higher than that of the power line voltage; the
power conditioner means including a tuned L-C circuit
having a tank inductor and a tank capacitor; a capacitor
vollage existing across the tank capacitor; the tank
inductor having an auxiliary winding; the auxiliary
winding being characlerized by not being connected
across lhe terminals of a thermionic cathode; an aux-
iliary voltage existing across the auxiliary winding; the
high-frequency output voltage being the sum of the
capacitor voliage and the auxiliary voltage; and

gas discharge lamp operative to connect with the high-

frequency output and w be powered by the high-
frequency output voltage provided thereat.

3. The arrangement of claim 2 wherein the RMS magni-
tude of the high-frequency output voltage is substantially
higher than the RMS magnitude of the capacitor voltage.

4. The arrangement of claim 3 where the RMS magnitude
of the high-frequency oulput veltage is at least 25 percent
higher than the RMS magnitude of the capacitor voltage.
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5. The arrangement ol claim 2 wherein the tuned L-C
circuit has a natural resonance frequency equal to or lower
than the fundamenta! frequency of the high-frequency out-
put voliage.

6. An arrangement comprising:

first rectifier means connected with a source of power line

voliage and operative 1o provide a first DC voltage at a
first set of DC terminals;

power conditioner means connected with the first DC
terminals and operative to provide a high-frequency

- output voltage at a high-frequency output; the high-
frequency output voltage having a fundamental fre-
quency substantially higher than that of the power line
voltage, the power conditioner means including
inverter means connecled with the first set of DC
terminais and operative to provide the high-frequency
output voltage; the inverter means including tuned L-C
circuit means having a tank tnduclor series-connected
with a tank capacitor; a capacitor voltage existing
across the tank capacitor; the tank inductor having an
auxiliary winding; an auxiliary voliage existing across
the anxiliary winding; the high-frequency output voit-
age being the sum of the capacitor voltage and the
anxiliary voltage, thereby to attain an RMS magnitude
substantially higher than that of the capacitor voliage
by itself; and

gas discharge lamp operative to connect with the high-
frequency cutput and to be powered by the high-
frequency ourput voltage provided thereat

7. An arrangement comprising:

a first sub-assembly having power input terminals and BC
output lerminals; the power input lerminals being con-
nected with a pair of power line terminals across which
exists an AC power line voltage; the DC output termi-
nals being connected with the power input terminals by
way of a rectifier and a waveshaping circuit; the
waveshaping circuit being operative to cause a sub-
stantially sinusoidal current to be drawn by the power
input terminals from the power line terminais; the
substantially sinusoidal cumrent having a waveform
characterized by exhibiting less than 10% total har-
monic distortion;

_ asecond sub-assemnbly connected with the DC tcrmma]s

and operative to provide a high-frequency voltage at a
pair of inverter lerminals; the high-frequency voltage
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having a fundamental frequency substantialty higher
than that of the AC power line voltage; and

a third sub-assembly connected with the inverter termi-

nals and operative to supply a high-frequency oulput
voltage at a pair of oulpul terminals; at least three gas
discharge lamps being series-connecled across the out-
put terminals; the third sub-assembly being operative to
cause the three series-connected gas discharge lamps to
be ignited and subsequently io be supplied with high-
frequency lamp current.

8. The amangement of claim 7 wherein (i) each gas
discharge lamp includes a thermionic cathode with a pair of
cathode terminals, and (ii) the third sub-assembly is further
characterized by having terminals connecled with each of
the cathode terminals. '

9. The arrangement of claim 7 wherein the second sub-
assembly is further characterized by including an energy-
storing inductor connected in circuit between the power
input terminals and the DC oulput terminals.

10. The arrangement of claim 7 wherein the rectifier has
a first pair and a second pair of rectifier terminals; the first
pair of rectifier terminals being connecled with the power
input lerminals; the second pair of rectifier terminals being
connected with the waveshaping circuit.

11. The arrangement of claim 10 wherein the first sub-
assembly is additionally characterized in that (i) a unidirec-
tional vollage exists between the second pair of reciifier
terminals, and (i) the absolute instantaneous magnitude of
this unidirectional vollage is substantially equal to that of the
AC power line voltage.

12. The arrangement of claim 7 wherein the first subas-
sernbly is further characterized by including an intermit-
tently conducting transistor connected in circuit between the
power input terminals and the DC ouiput terminals.

13. The amangement of claim 12 wherein an energy-
storing inductor is connected in circuit with the intermil-
tently conducting transistor.

14. The arrangement of claim 7 wherein the first subas-
sembly is further charactized by including a pair of terminals
across which, at least under some conditions, exists a
non-symmetrical squarewave voltage.

x * * - L
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[57 ABSTRACT

In a fluorescent lamp ballast, a sousce of high-frequency
voltage is applied directly across a series-resonant L-C
circuit The fluorescent lamp is connected in parallel with
the capacitor of the L-C circuit and a voltage-limiting means
is operative 10 prevent the series-resonanl L-C circuit from
overloading the voltage source during any period when the
lamp is not effective in providing circuit loading. When
power is initially applied to the series-resonant L-C circuit,
a control means provides a shorl circuil across the capacitor,
and, by way of 2 first current transformer, the resulting short
circuil current is used for pre-heating the fluorescem lamp
cathodes. Afer about }.5 second, the control means provides
for removal of the shon circuit for 2 period of abour 25
milli-seconds, thereby permitting the vollage across the
capacitor (0 grow o a magnitude sufficient 1o ignite and
operale the Jamp. If the lamp ignites, the resulting lamp
current is then used, by way of a second current transformer,
to prevent the control means [rom re-providing the short
circuit. If lamp current does ot flow, or if it at any lime
ceases to fow, the conrol means will re-provide the short
circuit within about 25 milli-seconds. Thereafter, until
power is removed or until 2n operable tamp is connected, the
control means will continuously repeal the cycle of 1.5
second short circuil and 25 milli-seconds open circuil.

27 Claims, 1 Drawing Sheet
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ELECTRONIC BALLAST HAVING
PULSATING OUTPUT YOLTAGE

Instant application is a continuation of Scr. No. 346,321
filed May 1, 1989 now abandoned; which is a continuation
of Ser. No. 06/686,275 filed Dec. 26, 1984, abandoned;
which was a continuation-in-part of Ser. No. 677,562 fited
Decc. 3. 1984, U.5, Pat. No. 4,698,553, as well as of Ser. No.
456,276 filed Feb. 22, 1933, U.S. Par. No. 4,503,363.

FIELD OF THE INVENTION

The present invention relates to high-frequency series-
resonant ballasts for fluorescent lamps.

PRIOR ART AND BACKGROUND
CONSIDERATIONS

High-frequency senes-resonant fluorescent lamp ballasts
have been previously described, such as in U.S. Pat. No.
3,710,177 1o Ward and U.5. Pat. No. 4,370,600 10 Zansky.
However, these previously described ballasts de not provide
solutions lo several basic problems associated with practical
applications of such ballasts. These problems relate to the
excessive power drain by and the self-destructive nature of
the series-resonant ballast under the condition of being
connected to an inoperative lamp.

In powering a fluorescent lamp by way of a high-fre-
quency series-resonant ballast, where the ballast constitutes
a high-Q resonant L-C circuit series-excited from an AC
voltage source and parallel-loaded by the fluorescent lamp,
there is a serious problem assoctated with the situation
where the fluorescent lamp for one reason or another ceases

- 10 constitule an efective load for this high-Q series-excited
L-C circuil. In such a situation, which is most apt to occur
toward the end of normal lamp life, the power drawn by the
high-Q resonant L-C circuit from its AC voltage source is so
excessively high as to cause damage 10 or even destruction
of the L-C circuit andfor the AC voltage source. If, conirary
o expectations, destruction of the circuit and/or the source
does not occur, the amount of power drawn from the source
will be so large as to represent an unacceptable level of
energy waste—recognizing that it may often take a long time
before a worn-out fluorescent lamp is replaced.

SUMMARY OF THE INVENTION

Objects of the Invention

An object of instant invention is that of providing safe and
efficient high-frequency series-resonant ballasts for fluores-
cent lamps. Other objects and advantages of the present

invention will become apparent from the following descrip-
tion.

BRIEF DESCRIPTION

An L-C circuit with an unloaded Q-factor of about 50 is
series-connected directly across Lhe output of 2 100 Volt/30
kHz voliage source. This L.-C circuit is resonant at 30 kHz,
which means thal it is series-resonani at the very frequency
of the high-frequency voliage source.

A regular 40 Walt Auorescent lamp and a voliage-limiting
means are both connected in parallel with the tank-capacitor
of the L-C circuit, the voltage-limiting means being opera-
tive o limit the voltage developed across Lhe tank-capacitor
10 a magnilude suitable for proper lamp starting, which
magnitude is about 300 Vol
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Withoul the voltage-limiting means, with an unjoaded
Q-Factor of 50 and linear circuit operalion, the magnitude of
the voliage developing across ihe lank-capacitor would have
been 5000 Volt. :

Under normal operation, the fluorescent lamp limnits the
magnitude of the voltage developing across the tank-capaci-
tor to about 100 Vol; and at that point the Joaded L-C circuit
draws approximately 40 War of power from the source.
Thus, with a loaded Q-factor of about unily and an unloaded
Q-factor of 50, the implication is that the Josses in the L-C
circuit amount 10 about 2% of the total power drawn from
the source under normal operating conditions.

Il fer some reason the fluorescent lamp should fail o
constitute an elfective load for the L-C circuit, the magni-
tude of the voliage across the wank-capacitor would increase
to about 300 Voli, which implies that the power drawn from
the source at that point would be about 120 Wartl, wilh
substantially all of it being dissipated in the voltage-limiting
means.

[f there were no voltage-limiting means present. however,
the power drawn by the L-C circuit from the source-
assuming no breakdown—would be about 2000 Watt, with
all of it being dissipated within the L-C circuit itself.

The presemt invention provides for means to prevent the
L-C circuit from operating in its respnant mode—and
thereby to prevent it from drawing excessive power—in case
the fluorescent lamp should fail even for a brief period 1o
constitute a proper load for the L-C circuil. This effect is
accomplished by a transistor operative, by way of a reciifier
bridge, to provide a shor circull across the tank-capacitor
whenever lamp current fails 10 flow for about 25 milli-
seconds. With a short-circuiled Lank-capacitor, the amount
of power drawn by the L-C circuil is negligibly small.

More particularly, 2 control means 1s connected with the
L-C circuit and is operalive to provide for the following
functions. '

a) Upon initially providing power to the L-C circuit, the
control means provides for a short circuil across the tank-
capacitor for an initial period ol about 1.5 second; which is
lhe length of time normally required for the cathodes of the
fluorescent lamp lo become fully thermionic.

b) After this initial period, the control means removes the
short circuit for a period of about 25 milli-seconds; which
period is long enough to provide for proper lamp stariing
vrnder normal circumstarices.

c) If lamp current starts to fow within (his initial period,
the control means operates 1o keep the short circuit removed
for as long as lamp current fows.

d) If lamp current [ails to Aow within this initial period,
the control means re-imposes the short circuit and keeps il
so imposed for a period of about 1.5 second; whereafier it
again removes the short circuit for a period of about 25
milli-seconds.

e) It the fluorescent lamp is removed from the L-C circuit,
or if for other reasons 1t fails 1o conlinue to operate, the
control means operates Lo provide a shon circuit across the
tank-capaciior withan a period of about 25 milli-seconds.

f) As long as there is no lamp toading the [.-C circuit, the
control means Lries every 1.5 second or so Lo start the lamp
by removing the shon circuit for a perod of abow 25
milliseconds. Thus, with a duty-cycle of about 25 milli-
seconds out of 1500 milli-seconds (1.67%), the average
power dissipation of the unloaded L-C circuit will be only
aboul 2.0 WaiL

BRIEF DESCRIPTION OF THE DRAWINGS

F1G. 1 provides a schematic circuit diagram of the pre-
ferred embodiment of the 1invention.
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DESCRIFTION OF THE PREFERRED
EMBODIMENT

DETAEILS OF CONSTRUCTION

FIG. 1 shows an AC voltage source S, which in reality is
a power-linc-operatcd frequency convenier providing an
output vollage of 100 Voit RMS magnilude and 30 kHz
[requency. . .

Connected directly across S is 2 series-combinalion ol an
inductor L and a capacitor C. Inductor L has a tighty
coupled secondary winding Ls.

A Varistor V is connected direcity across capacitor C.

A fluorescent lamp FL, having cathodes FLC1 and FLC2,
18 connceted in series with the primary winding CTp of
control transformer CT, and this series-combination of FL
and CTp is connecled across capacitor C.

A bridge reciifier BR, having a B+ cutput bus terminal
and a B— output bus terminal, is connecied in series with the
primary winding Tp of transformer T, and Lhis series-
combination of BR and Tp is connected across capacitor C.

A transistor QQa is connecled with its collector to the B+
bus and with its emitter Lo the B— bus.

A series-combination of a capacitor C1 and a rectifier R1,
with R1 being connecied with the capacitor by way of 118
cathode, is connected directly across the output of secondary
winding Ls of inductor L. The cathode of rectifier RI is
connecled to the base of transistor Qa by way of a resistor
Ra '

A transistor Qb is connected with its collector and emitter
10 the base and emitter, respectively, of transisior Qa.

Transformer T has a first secondary winding Tsl con-
nected with cathode FLCI of fluorescent lamp FL., and a
second secondary winding Ts2 connected with fluorescent
lamp cathode FLC2.

Transformer T alse has a teniary winding Ti, which
leriiary winding is connected between the B— bus and the
anode of a rectifier R2.

A serfes-combination of a resistor Rb and a capacitor C2
15 connected between the cathode of rectifier R2 and the B—
bus, with one 1erminal of resistor Rb being connected with
the cathode of R2.

A series-combination of a resistor Re and a Diac D is

connectled between the base of ransistor Qb and the junction -

. between resistor Rb and capacitor C2.

Contro! transformer CT has a secondary winding CTs
connecied between the B— bus and the anode of a rectifier
R3. A rectifier R4 is connecied between Lhe cathode of
rectifier R3 and the base of transistor Qb, the anode of
rectifier R4 being connected with the cathode ol rectifier R3.

A capacitor C3 is connected between the cathode of
rectifier R3 and the B— bus.

DETAILS OF OPERATION

In FIG. 1, when the 100 Volt/30 kHz voltage from source
S is initially applied to the L-C seres-circuit, a voltage is
developed across secondary winding Ls. This volage is
rectified and filtered by reciifier R1 and capacitor Cl, and
then applied o the base of transistor Qa by way of a
current-limiting resistor Ra. The value of Ra is so chosen
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that the resulting DC current provided to the base of tran-

sistor Qa is adequate to make this transistor conducl in a
substantially salurated mode and thereby o constitute an
effective shon circuit between the B+ bus and the B— bus.

65
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With transistor Qa so conducting, and since transformer T is
a current ransformer with a very low-impedance primary
winding, and sincc a short circuil al Lhe output of the bridge
rectificr is essentiatly equivalent 1o a short circuit at its input,
there is in effect a shon circuit provided across tank-
capacilor C. Thus, as long as uransistor Qa is an effective
shen circuit, the magnitude of the current drawn from the
source is limited by the reactance ol L, thereby in efect
represenling a non-dissipative load.

As long as transistor Qa conducts, current is forced
through the primary winding Tp of wransformer T. By
transformer action, this current is provided Lo the efective
paralie] connection of the two fluorescent lamp cathodes,
thereby providing 10 these cathodes the modest amount of
power required w0 bring aboul thermionic emission. The
lertiary winding Tl provides a votiage output that is used for
charging capacitor C2 with a current that is limited by
resistor Rb. Eventually, the magniwde of the voltage on C2
gets 1o be high enough Lo cause Diac D to break down, at
which point the charge that had accumulated on capacitor C2
gets discharged into the base of iransistor Qb—with the
magnitude of the discharge current being principally deter-
mined by the resistance of Re. This magnitude is so chosen
that—as soon as the Diac breaks down—transistor Qb
becomes conductive (o the point of shunting away the base
current provided o transisior Qa by way of resisior Ra.

In other words, as soon as the voltage on capacitor C2 has
increased to some pre-deternuned magnitude, the Diac
breaks down and immediately renders transistor Qa non-
conductive. The lime i1 takes [or the voltage on capacitor C2
1o reach this predelermined magnitude is a function of the
lime-constant associated with C2 and Rb as well as of the
magnitude of the voltage being provided by the tertiary
winding Tt. In the circuit of FIG. 1, this lime was chosen o
be aboul i.5 second; which is the length of time normally
required by fluorescent lamp cathodes to reach the poim of
thermionic emission.

For as long as capacitor C2 is providing base current [or
Iransistor Qb, this transistor {s operative lo prevent current
from being applied 10 the base of transistor Qa, thereby
making (Qa non-conducuive. The length of lime during which
(Ja is thereby kept non-conductive is determined by the
parameters of capacitor C2 and resistor Re. In the circuit of
FIG. 1, these parameters were so chosen as to make this
length of time about 25 milli-seconds.

Thus, afier the initial period of about 1.5 second, during
which Qa represented a short circuit and the fluorescent
lamp cathodes were provided wilh healing power, Qa is
swilched off and becomes an open circuit for about 25
milli-seconds. During this 25 milli-second period, the voli-
age across capacitor C increases in magnitude 10 the point
where the lamp stanis. With already pre-heated cathodes, the
time required for the lamp to starl is normatly less than 25
milli-seconds.

As so0n as lamp current siarts Lo flow, controd transformer
CT. by way of rectifier R3 and filter capacitor C3, provides
a DC curremt to the base of transistor Qb, thereby causing
transistor Qb 10 continue 1o shunt away Lhe base current for
Qa. Thus, as long as the lamp stans 10 draw current wilhin
the 25 milli-second period, transistor Qa will continue Lo be
non-conductive, and the lamp will continue (o operate.

However, if lamp current does nol stan 10 flow within the
25 milli-second period, base curremt for Qb will cease,
which means that Qb will ccase shunting away the base
current for Qa. Thus, after -apouwt 25 milli-seconds, if lamp
current fails to flow, transistor Qa will again become con-
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ductive and operative to provide a short circuil across
capacitor C.
Now, with Qa conductive, current will again fow through
the primary winding Tp of transformer P, and again will
charge C2 (o the point of breaking down the Diac; which
then again starts 2 25 milli-sccond period of shunting away
the base current for transistor Qa.
In other words, with the ftuorescent lamp inoperative or
disconnected, the circuit of FIG. I operates in a cyclical
fashion, with each cycle consisting of 2 1.5 second period
during which wansistor Qa is conductive—which implies
that capacitor C is shorted—and a 25 mulli-second period
during which transistor Qa is non-conductive. With the lamp
operating. on the olher hand, this cyclical circuit operation
is prevented by the flow of lamp current.
The lamp cathodes are supplied with heating power only
as long as Qa conducts. After the lamp has ignited, however,
healing power is no longer needed and is no longer supplicd,
thereby providing for nolicably improved lamp efficacy.
It is believed that the present invention and ils several
attendant advantages and features witl be understood from
the preceeding descripion. However, without depaning
from the spirit of the invention, changes may be made in its
form and in the construction and interrelationships of its
component parts, the form herein presenied merely repre-
senting, the presently preferred embodiment.
I claim:
1. A ballast for a gas discharge lamp; the batlasi being
adapted 1o operate from a source of high-frequency AC
voliage; the high-frequency AC voliage being provided by a
frequency converter powered by the power line vollage
provided by an ordinary electric utility power line; the
ballasl compnsing:
an L-C circuit serfies-connected across the source; the L-C
circuit betng series-resonant at or near the frequency ol
the high-frequency AC voliage and having at least one
inductive and one capacitive reaclance means;

connect means operable to connect the lamp in parallel-
circuit with one of said reactance means, thereby lo
provide for proper lamp starting and operating voltage;
and .

control means connecied in circuil with the reactance
means and operative, but only when there is no curent
flowing through the lamp, o cause a repetitive alter-
nation between two states: (i) a first state characterized
by the provision of an effective shon circuit across one
of said reactance means, and (ii) a sécond state char-
acterized by not providing such a short circuit; the
repetitive aliermation occuming at a repetition fre-
quency substantially lower than the fundamenual fre-
quency of the high-frequency AC voltage; the magni-
tude of any voliage presenl across one of said reaclance
means being substantially negligible throughout the
duration of the first state.

2. The ballast of claim 1 wherein the first state is further
characlerized by being. substantially longer in duration than
the second state.

3. The ballast of claim 1 wherein; (i) the frequency of the
high-frequency AC voliage is substantially higher than that
of the power line voltage; and (ii) the repetition frequency is
substantially lower than the frequency of the power line
vollage.

4. The ballast of claim 1 wherein a voliage-limiting
non-linear resistance means is connecled in circuit across
one of said reactance means.

5. The ballast of clatm 1 wherein the control means is
operalive as specified even when the lamp is not connecled
in parallel-circuit with one of said reactance means.
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6. A ballast for a gas discharge lamp; the bzllast being
adapled 1o operate from a source of AC voltage and com-
prising:

an L-C circuil scries-connected across the source; the L-C

circuit being serics-resonant at or near the frequency ol
the AC voltage and having at lcast one inductive and
one capacitive reaclance means;

connecl means operable via a set of connect terminals to

connect the lamp in parallel-circult with one of the
reactance means, thereby Lo provide across the connect
lerminals an output vollage suilable for proper lamp
starting and operation; and

control means connected in circuil with the lamp and

responsive 1o current flowing therethrough; the conirol
means being operative, but only when there ts no
currenl flowing through the lamp, to impose a short
circuil intermitten\ly and periodically across the con-
nect (erminals; the sher circuil being so imposed al a
repetition frequency substantially lewer than that of the
AC voliage; the repetition frequency therefore having a
repetition period substantially longer than the period of
the AC voliage;

whereby, as long as no curvent flows through the lamp., ihe

outpul voliage is modulated in magnitude al said rep-
etitton frequency; the oulpul voliage being of a rela-
iively low magnimnde for a relatively long period of
time and being of a relalively high magnitude for a
- relatively short period of ume; the relatively Jong
period of time being al least lwice as loag as the
relatively shon period of time.

7. The ballast of claim 6 wherein the control means is
funclional as specified even when the lamp is not connected
with the connecl lerminals.

8. The ballast of claim 6 wherein: (i) the frequency of the
AC vohage is substanuially higher than the {requency of ihe
power line voltage normally present on an ordinary electric
utility power ling; and (ii} the repeution frequency being
substantially lower than the [requency of the power line
voliage.

9. A ballast for a gas discharge lamp; the ballast being
adapted to operate from a source of AC voltage; the funda-
memntal frequency of the AC voltage being substantially
higher than that of the power line voltage normally present
on an ordinary electric utility power ling; the ballast com-
prising:

an L-C circuit adapted to series-connect across said

source; the L-C circuil being resonant al or near the
frequency of the AC voltage and having at least one
inductive and one capacilive reactance means;

connect means operalive lo permit connection of said
lamp in parallel-circuit with one of the reactance
means; and )

shorting means operative to provide an intermitiently
interrepted short circult across one of the reaciznce
means; the shorting means causing any voliage existing
across said one of the reaclance means o be of negli-
gible magnitude whenever a shom circuit is indeed
being provided; the shorting means being operative as
described even when the lamp is not connected in
parallel-circuit with one of the reactance means.

10. The ballast of claim 9 including voltage-limiting
non-linear resistance means connected in paratlel-circuit
with onc of the reaclance means.

11. An arrangement comprising:

a gas discharge lamp means having a first and a2 second

thermionic cathode; and
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an AC source operative Lo provide an AC voliage between
a first and a second AC output ierminal; the [requency
of the AC voltage being about 20 kHz or higher: the
first and Whe second AC oulput ierminal being con-
nccted with the first 2nd the second thermionic cathede,
respectively; the AC source being characierized by
including: (i) internal impedance operative to limit the
magnitude of any current lowing from its AC outpul
terminals; and (i) control means operative, excepl
when the gas discharge lamp draws more than a certain
minimum amount of current from the AC output ter-
minals, 1o cause the magnitude of the AC vollage to
vary peniodically at a low frequency belween a rcla-
tively high tevel and a relatively low level; the low
frequency being substantially lower than the funda-
mental frequency of the power line voltage;

whereby, if the gas discharge lamp were 10 be discon-
necled, or if it otherwise were Lo fail o draw at least
said cenain minimum amount of current from the AC
outputl lerminals, the RMS magnitude of the AC volt-
age would vary pericdically between the relatively high
level and the relatively low level.

12. The arrangement of claim 11 wherein: (i) at least one
ol the thermionic cathodes has a pair ol cathode terminals;
and (it) the AC source has a transformer with at least one
transformer winding connected across the catliode lerminals.

13. An arrangement comprising: -

an ordinary electric utility power line operative 1o provide
an AC power line voltage al a pair of power line
terminals;

circuitry connected with the power line terminals and
operative 10 provide a high-frequency output voliage
between a first pair of output terminals and a second
pair of output terminals; the circuitry including control
means functional to control the magnitude of the high-
frequency ountput voltage, the fundamental frequency
of the high-frequency output vollage being substan-
tially higher than that of the AC power line voltage; and

gas discharge lamp means having a first pair of lamp

terminals and a second pair of lamp terminals; the first
pair of lamp terminals being operable 10 connect with
the first pair of outpul lerminals; the second patr of
lamp terminals being operable to connect with the
second pair of outpit terminals;

the arranigement being characterized by functioning such

that: ; . '

(a) whenever the lamp terminals are connected with the
output terminals and a lamp current is flowing
through the gas discharge lamp, the magnilude of the
outpul voltage remains substantially constant; but

(b) in case the lamp current were to cease lo How
through the gas discharge lamp, or if the lamp
terminals were lo be disconnecied {rom the output
terminals, the magnitude of the high-frequency out-
put voltage would vary cyclically at a relatively low

- frequency between a relatively low level and a
relatively high level, the relatively low frequency
being substantialiy jower than the frequency of the
AC power line voitage; the relatively low frequency
being characterized by having a cycle period.

14. The arrangement of claim 13 wherein, whenever the
magnitude of the output voltage be varying cyclically, the
magnitude of the output vohiage will be at the relatively low
level for a relatively large fraction of the cycle period and at
the relatively high level for a relatively small fraction of the
cycle period.
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15, The arrangement of claim 14 wherein Lthe cycle perod
has a duration beiween approximalcly 0.4 and approxi-
matcly 4.0 scconds.

16. The arrangemenl of claim 14 wherein the relatively
targe {raction comrcsponds o0 a lime duration between
approximalely 0.3 and approximalcty 2.5 seconds.

* 17. The arrangement of claim 16 wherein the relatively
small [raction corresponds 10 a time duration beiween 10
and 250 milh-scconds.
18. A ballast for a gas discharge lamp; the gas discharge
lamp baving a first pair of lamp lerminals connected with a
first thermionic cathode and a second pair of lamp terminals
connecied with second thermionic cathode; the ballast com-
prising:
frequency-conversion circuit connecled with the power
line terminals and operative 10 provide a high-fre-
quency output voltage between a first pair of outpul
terminals and a second pair of oulpul terminals; the
frequency-cenversion circuit including control cir-
cuitry functional to control the magnitude of the high-
frequency output voliage; the fundamental frequency
of the high-frequency outpul voliage being substan-
tially higher ihan that of the AC power line voltage; and

means 10 permit connection of the first pair of output
terminals with the first pair of lamp terminals and the
second pair of outpul lerminals with the second pair of
lamp terminals; thereby to cause the high-frequency
ouipul vollage 10 be applied between the first and the
second thermionic cathode whenever the lamp fermi-
nals be connected with the output terminais;

the ballast being charactenized by functioning such that,
prior 1o connecting the outpul terminals with the lamp
terminals, the magnitude of the high-frequency output
voltage varies cyclically at a relatively low frequency
between a relavvely low level and a relatively high
level; the relatively low frequency being substantially
lower than the frequency of the AC power line voltage.

19. An arrangement comprising:

a source operative, when connected with a power tine, 10
provide an AC voliage at a set of source terminals; the
frequency of this AC voltage being substantially higher
than that of the voltage on the power line;

a Auorescent lamp having a first and a second lamp
lerminal; and )

a circuil having a set of input terminals and a set of cutput
lerminals; the input terrninals being connected with the
source terminals; the outpul lerminals being connected
with the lamp lerminals; the circuit being operative 10
cause a lamp voltage to be provided al the outpul
terminals and therefore, as tong as the lamp 1erminais
are connected therewith, also belween the first and the
second lamp terminals;

the circuit being further characterized functioning such
that:

(a) during an initial brief period commencing afier the
source has been connecied with the power line, the
RMS magnitude of the lamp vollage is maimtained al
a relatively low but subsiantially constant level; and

(b} after this initial brief pericd, the RMS magnitude of
the lamp voliage is increased loward a relatively high
level, thereby normally to cause the lamp 1o ignite
and to provide light.

20. The arrangement of claim 19 wherein, in case the

65 lamp were 10 [ail to ignite, the RMS magnimde of the lamp

voltage would cycle periodically between the relatively high
level and the relatively low level.
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21. The ammangement of claim 20 wherein the RMS
magnitude of the lamp vollage would cycle al a frequency
substantially lower than that of the power line voliage.

22. The arrangement of claim 19 wherein the duration ol
the initial period is between one temh of one second and
aboul two seconds.

23. The arrangement of claim 19 wherein, in case the
lamp terminals were 10 be disconnecled from the output
terminals, the RMS magnitude of the lamp voliage would
cycle periodically between the relatively high level and the
relatively low level.

24. An arrapgement comprising:

a fluorescent lamp having a first and a second cathode; the

first cathode having a first lamp lerminal; the second
cathode having a second lamp terminal; and

a fluorescent lamp power source having first and second
outpul lerminals respectively connected with the first
and second lamp terminals; the fAvorescent lamp power
source being operative, when connected with a power
line having a power line voltage, o provide a lamp
voltage between the first and the second output termi-
-nal; the fAuorescent lamp power source including con-
trol circuitry functional to control the magnitude of the
lamp voltage; the lamp voitage having a frequency and
an RMS magnitude; the frequency being substantially
higher than that of the power line voltage; )

the fluorescent lamp power source being further charac-

" terized by funcuioning such that:

(a) during an initial brief period afier having connected
the fluorescent lamp power source with the power
line, the RMS magnitude is maintained at a relatively
low but substantially constant level; and

(b) after this inilial brief period, the RMS magnitude is

increased toward a relatively high level, thereby.

normally to cause the lamp to ignite and 10 provide
light.

20
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25. The arrangement of claim 24 whercin, in case the

- Nuorcscent lamp were to fail to ignile, the RMS magnitude

will cyele periodically between the relatively Yow substan-
tialty constant level and the relatively high level.

26. The arrangement of claim 24 wherein, in case the
Muorescent lamp were 10 be disconnected, the Auorescent
lamp power source is characlerized by: (i) continuing to
provide the lamp voliage between the first and the second
pair of output terminals; and (ii) making the RMS magnitude
of the lamp voltage cycle, a1 a {requency substantially lower
than that of the power line voltage, between the relatively
low substantially constant level and Lhe relatively high level.

27. An amrangement comprising:

a gas discharpe lamp having lamp lerminals; and

circuitry connected with the power line voitage of an

ordinary electric utility power kine and functional 1o
provide a high-frequency output vollage between a pair
of outpul terminals operable to connect with the lamp
terminals; the circuitry including sub-circuitry func-
tional to control the RMS magnitude of the high-
frequency output vollage; the high-frequency output
voltage being of frequency substantially higher than
that of the power line voltage; Lhe circuitry functioning
such as to cause the RMS magnitude of the high-
frequency oulput voltage: (i) 10 remain substamiially
constant whenever the gas discharge lamp is indeed
connected 1o and drawing power from the output ter-
minals, and (ii) to vary periodically al a frequency
lower ihan that of the power line vollage whenever the
gas discharge lamp is noi connected with the output
terminals. :
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LOW-FREQUENCY HIGH-EFFICACY
ELECTRONIC BALLAST

This application is a continnation of parent application
Ser. No. 07/503,054. filed 2 Apr. 1990, now abandoned,
which is a coptinuation of Ser. No. §6/944,191. filed 22 Dec.
1986, now abandoned.

BACKGROUND OF THE INVENTION

1. Feld of Invention

The invention relates to ballasts for gas discharge lamps,
particularly of a kind wherein: i) the lamps are powered with
a relatively low frequency cumrent. and ii) the instantaneous
lamp Lght output fhux is maintaired substantially consiant.

2. Elements of Prior Art

It is well known that significant improvements in overall
cost-cffectivity of the lighting funclion can result from
appropriately controlling the level of light cutput from
lighting fixtures used for general lighting in offices and the
like.

Flucrescent lamp ballasting systems adapted to permit
control of light cutput level on a systems basis preseady do
exist—as for instance in accordance with U.S. Pat. Nos,
4,207,458 and 4,350,935 to Spira et al.

However, there are significant complexities associated
with practical applications of such Hght level contrel sys-
tems; and, in spite of the very significant improvements
potentially available in overall lighting efficacy, such Light
control systems have not gained wide acceptance.

3. Inventive Rationale

Much of the value available from a light control systern
nay be attained by conirol of each individual lamp. Thas
way. for instance, light output from each fixture could be
kept constant frrespective of any variations in the magnitude
of the power line voltage and/or regardless of changes in
luminows efficacy of the fluorescent lamp(s).

To make this kind of approach commercially feasibie, the
present invention provides for a ballast comprising its own
individwal Light sensing means which is so positioned and
arranged that, when this ballast is built into a lighting fixture,
its light sensor intercepts a part of the light produced by the
lamp(s} powered by the ballast and then causes the lamp
current 1o be controlled in such manner as to maintain the
lamp light output at & desired level.

Moreover, additional efficacy improvement is attained by
powering the lamps in such manner as to keep the instan-
taneous light flux cutpul from each individual lamp at a
substantially constant level; which is to say, by minimizing
the amount of flicker—even if that flicker is non-perceivable
to the normal hitman eye.

SUMMARY OF THE INVENTION

Objects of the Invention

A first object of the present invention is that of providing
meaus whereby the light output level of a gas discharge lamp
means may be cffectively controfled.

A second object is that of providing a baflast comprising
means for sensing the light cutput produced by the gas
discharge lamp powered by that ballast, thereby automab-
cally to control that light output in accordance with a desired
purpose.

A third object is that of providing means by which to
control the magnitude of the current in a gas discharge lamp
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such 2s Lo maintain ifs absolute magnitude at an adjustably
presetable substantially constant level.

A fourth object is that of providing a ballast operable to
power a fluorescent lamp with a current having a particularly
low crest-factor.

A fifih object is that of providing a power-line-operated
clectronic ballast operable to power a gas discharge lamp
with 60 Hz current, yet providing improved lamop efficacy.

These as well as several other objects, features and
advantages of the present invention will become apparent
from the following description and claims.

Brief Description

In its preferred embodiment, the present invention com-
prises a rectifier means connected with 2 277vVolt/60 Hz
power line and operative to provide full-wave-rectified
nofiliered DC voltage to a series-combination of: i) an
inductor, ii) a full bridge inverter switched im synchronism
with the 60 Hz power line voltage. and iii) an electronic
switching means.

A fiuorescent lamp is connected with the inverier’s output
and receives 60 Hz cnrrent of exceptionally low crest-factor,
thereby operating at an exceptionally high efficacy.

The clectronic switching means is nommally in a fully
conduetive state. However, it is conirolled—by a photo
sensar respomsive to the light owipmt of the fuorescent
lamp—in such a manner that whenever the instantancous
light owtput exceeds a certain adjustably predetermined
upper level. it switches into a ron-conductive state where it
remains until the instantaneous Yight output level diminishes
to a certain adjustably predeterrnined lower level, at which
point it switches back into its pormally fully conductive
state.

‘Wheneves the electronic switching means is switched off
while current flows throngh the inductor, a fiywheel diode
shuais the cument away from the switch means and into an
energy-storing capacitor, the DC voltage om which is used
for filling-in the valleys between the individoal 120 Hz DC
pulses on the unfiltered power supply.

By suitable choice of lamp operating volltage. the DC
voltage on the energy-storing capacitor can be arranged to be
about half the peak mangitede of the power line voltage, in
which case power is drawn from the power line with both
high power factor as well as good suppression of third
harmonics.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 schematicaily illustrates the preferred embodiment
of the invention.

FIG. 2 provides details of the full bridge inverter used in
the arrangement of FIG. 1.

FIG. 3 illustrates various voltage and current waveforms
associated with the operation of the preferred embodiment.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

Description of the Drawings

In FIG. 1, a source S of 277Volt/60 Hz voltage is applied
to input terminals IT1 and IT2 of a bridge rectifier BR, the
unidirectional voltage ocutput of which is applied directly
between a B+ bus and a B— bus, with the positive voltage
being connected to the B+ bus.

Between the B+ bus and a first inverter input terminal
IITT of a full bridge inverter FPI is connceted an inductor L.
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A switchiog transistor Qs is connected with its coliector to
a second inverter input termipal TIT2 and with its emitter to
the B— bus. A first rectifier Rl is connecied with its anode
to inverter input terininal IIT2 and with its cathode to the
ancde of a second rectifier R2. The cathode of rectifier R2
is connecied with the B+ bus. An encigy-storing capacitor
ESC is connceted between the cathode of rectifier R1 and the
B~ bus.

The output from inverter FB1 is provided across inverter
output terminals JOT1 and I0T2; which are respectively
compected with thermionic cathodes TCI and TC2 of a
fluorescent larnp FIL. Inverter FBI has a pair of control input
terminals CIT connected with control output terminals COT
of an inverter controller IC,

A switch controller SC has: i) a pair of switch conoller
output terminals SCOT connected between the base and the
emitter of switchipg transistor Qs, 1) a pair of switch
coniroller ipput terminals SCIT, and iii) a pair of opto-input
terminats OJT comnected with a photo-sensar PS,

Switch controller SC and inverter conmrolter IC are
respectively connected with a first secondary winding SW1
and a second secondary winding SW2 of a power line

‘transformer PLT; which power line transformer has two
additional secondary windings SWa and SWb which, cach
conpected with one of thermionic cathodes. TC1 apd TC2 of
floorescent lamp FL. Power line iransformer PLT has a
primary winding PW connected between input terminals IT1
and TT2 of bridge rectifier BR.

FIG. 2 illustrates key details of full bridge inverter FBI,

In FIG. 2 a first mansistor Qla is connected with its
collector to inverter input temminal IIT1 and with its emitter
to the collector of a second iransistor Q2a, whose emitter is
connected with inverter input terminal ITT2. A third transis-
tor Qb is similarly connected with its colleetor to inverier
input terminal ITT1 apd with its emitter to the collector of a
fourth trapsisior Q2F, whose emitter is connected with
inverter inpat terminal ITT2.

Control input terminals CIT of inverier FBI arc connected
with primary winding PW of an invester drive transformer
IDT. This transformer has four secondary windings Wia,
W2a, Wb and W2b; which windings are connected with the
base-emitter junctions of transistors Qla, Q2a, Qb and Q2
by way of resistors R1a, R2z, R1¥ and R2b; all respectively.

Details of Operation

The operation of the ballast arangement of FIG. 1 may
best be understood when reading the following explanation
in light of the waveforms illustrated by FIG. 3.

FIG. 3a jllustrates the waveform of the power line yoltage
present berween Input terminals ITT and IT2; which wave-
form is identical to the waveform of the voltage applied
across fluorescent lamp FL before lamp ignition.

FIG. 3& fllustrates the pulsed DC voltage resulting from
full-wave-rectification of the power line voltage of FIG. 3a

FIG. 3¢ fllustrates the waveform of the net DC voltage
present between the B— bus and the B+ bus afier the
fluorescent lamp has ignited and is in stable operation.

FIG. 3d itlustrates the waveform of the current flowing
through the fluorescent lamp during pormal optration.

FIG. 3¢ indicates the instantancous magnitude of the light
flux emitied from flucrescent lamp FL. In addition, in rough
approximation, FIG. 3¢ indicates the absolute value of the
magnitude of the voltage across Auorescent larop FL.

FIG. 3f indicates the waveform of the voltage prescnt
across switching transistor Qs.
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FIG. 3g indicates the current flowing through switching
transistor Qs.

FIG. 3h ipdicates the current flowing into energy-storing
capacilor ESC through R1.

FIG. 3i indicates the comrent drawn from energy-storing
capacitor ESC through rectifier R2.

FIG. 3 indicates the waveform of the current drawn from
the power line by bridge rectifier BR.

The details of operation of the circuit of FIG. 1 may now
be explained as follows.

In FIG. 1, the source § represents an ordinary clectric
utility power line, the 277Volt/6(0 Hz power line voltage
from which (see FIG. 3a) is applied directly to the bridge
rectifier (BR). This bridge rectifier is of conventional con-
struction and provides for the full-wave-rectified power line
voltage (see FIG. 3b) to be applied to the circuit by way of
the B4 bus and the B— bus.

As soon as the power line voltage is connectad with input
terminals FT'1 and IT2, cathode heating yoltages are applied
to thesmionic cathodes TC1 and TC2, thercby bringing these
cathodes to incandescence within about 1.5 seconds. Hence,
the fluorescent lamp is ready to be ignited in rapid-start
manner within about 1.5 second afier initial application of
power line voltage.

Also, as long as power line voltage is provided to input
terminals TT1AT2, power is provided to switch controller SC
and invester controller IC by way of secondary windings
SW1and SW2, respectively, of power line transformer PLT.

The iaverter controller {IC) it operative to convert the 60
Hz sinusoidal voltage received from secondary winding
SW2 o a 60 Hz squarcwave voltage, which is provided at
its output terminals COT and thereby to the pritnary winding
of inverter drive trapsformer IDT. In tum, by way of
transformer IDT, the basc-emitter junctions of transistors
Qla. Q2a, Q1F and Q2b is movided with a squarcwave
current-limited voltage drive—with resisiors Ria, R2a, R1b
and R2b acting as the corvent-limiting means. Thus, as long
as the arrangement of FIG. 1 is conrected with the power
line, inverter FBI operates to invert in complete synchrony
with the frequency of the power line voltage.

The switch controller (S8C) is operable to provide a control
voliage to switching transistor Qs such as 1o canse it to enter
its fully conductive state, where it will remain until the
output from the photo sensor (PS) reaches a certain prede-
texmined upper magnitude, At that point. the switch con-
troller abruptly reverses the control voltage supplied to the
switching transistor such as to canse it to enter its non-
conductive state, where it will remains until the oxput from
the photo sensor decteases by at least a relatively smail
percentage from this certain predetermined upper level to a
certain predstermined lower level The certaip predeter-
mined upper level is adjustably controllable (ie., sclable) by
provision of a controf signal to swiich controller input
texminals SCIT; the mapnitide-ratioc between the certain
upper level and the certain lower level remaining approxi-
mately constant.

Before the fiuorescent lamp ignites (which is to say,
before significant lamp current flows), the voliage on
cnergy-storing capacitor ESC is zero, Moreover. since the
lamp then provides no Iight output, the switching transistor
(Qs) exists in its folly conductive state. Thus. with the
inverter (FBI} providing for full-wave inversion of the
voltage applied to it, the starting voltage applied to the
fluorescent lamp (FL) is substantially identical to the power
line voltage applied between input tepminals IT1 and IT2
(see FIG. 3q).
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As the fluorescent lamp ignites, lamp current starts flow-
ing and light starts being provided by the lamp. After a few
milliseconds (the exact Iength of time being principally
detennined by the magnitude of the supply voltage and the
induetance of the cument-lirniting inductor (L), the lamp's
light output level reaches the certain predetermined upper
level. at which point switching transistor Qs switches into its
non-conductive state, After this point, the lamp cmrent
continues to flow through rectifier R1 and inio the energy-
storing capacitor (ESC); which then starts to charge up,
eventually reaching the point at which its voltage becomes
so high as to cause the magnitude of the lamyp current to
diminish—eventually to reach the certain predetermined
lower level, thereby o cause swilching transistor Qs to
switch back into its fully conductive state.

Afier the above-described initial starting period, during
which light output from the fluorescent Iamp will have
exceeded its normally maximum instantanccus light cutput
level for a brief pericd. operation of the circuit arrarpement
of FIG. I sctles into a steady state characterized by e
waveforms of FIG. 3 and otherwise explained as follows.

1. The magnitude of the DC voltage on energy-storing
capacitor BSC will be substantially constant and approxi-
mately equal to the difference between: i) the peak magni-
mde of the voltage provided from bridge rectifier BR (see
FIG. 3b), and ii) the average of the absolute magnitude of the
voltage present across the fluorescent lamp. In the preferred
embodiment, the fluorescent lamp actally consists of a
special 96°/T12 rapid-start fluorescent lamp, and the average
absoluie magnitude of the lamp veltage is about 196 Volt.
With the power line voltage being 277Volt/60 Hz, the peak
magnitude of the voltage provided from the bridge rectifier
is about 392 Volt; which means that the magnitirde of the
substantially constant DC voltage on encrgy-storing capaci-
tor ESC is also about 196 Volt. Thus, as indicated in FIG. 3¢,
the DC voltage actually provided between the B— bus and
the B+ bus is the higher of: i) the instantaneous magnitede
of the full-waverectified power line voltage, and ii) the
substantially constant magnitude of the DC voltage on
energy-storing capacitor ESC.

2. The cumrent flowing through the fluorescent lamp will
be as indicated in FIG. 3d; which waveform. in terms of
absolute magnitede, correlates closely with the instanta
neous magnitude of the luminons flux emitted from the
fluorescent lamp, as indicated in FIG. 3e. Moreover, the
details of the waveform of the lvminous flux emitted from
the flucrescent lamp correlates with the waveform of the
voltage across swilching transistor Qs as interpreted in
correlation with the waveform of the inverter’s DC supply
voltage of FIG. 3c¢.

3. The waveform of the cusrent drawn from the power line
is indicated in FIG. 3 and is seen to be of substantially
coustant magnitnde between 30 degrees and 150 degrees of
each half-cyele of the power kine voltage. Consequently,
there is substantially no third harmonic content in the cutrent
waveform; which fact is important in most installations of
fluorescent liphting systems. The reason that curremt is
drawn from the power line only during this pamticular
interval relates to the fact that the magaitude of the DC
voltage on energy-storing capacitar BSC is about half that of
the prak magnitude of the power line voltage. With that
being the case, the instantaneons magnitmde of the fuli-
wave-rectified power line voltage starts exceeding the mag-
nitnde of the voltage o capacitor ESC at about 30 degrees;
and it starts falling below the magpitnde of the capacitor
voltage at about 150 degrees. Moreover, with the particutar
waveform of FIG. 3, the power factor with which power is
drawn from the power line is refatively high at about 85%.
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From an overall functional viewpoint. the steady-state
operation of the circuit of FIG. 1 may be explained as
follows.

Whenever the magnitide of the DC voltage applied
between the B— bus and the B+ bus exceeds the magnitude
of the voltage across the fluozescent lapyp. and as long as
switching transistor Qs is in its fully conductive state, there
is a met forward voltage present across indoctor L; which
means that the cument through inductos . (and thereby
through the fluerescent lamp) will increase. As this inductor?
lamp current increases. so—within a few micro-seconds—
does the lamp light output; and a point is soon reached at
which the lamp light output becomes large enough to make
the output from photo sensor PS such as to canse the switch
controller to canse the switching transistor to switch into its
non-conductive state.

After that point, the inductor/lamp curent confinues to
flow, except that this carment wow bas to fiow into capacitor
ESC. In deing so, the cuyrent must overcome both the lamp
voltage as well as the DC voltage on capacitor ESC, the sum
of whose magnitudes exceeds the instantaneous magnithde
of the voltage present between the B— bus aad the B+ bus.
Thus, there is a net reverse voltage present across inductor
L. which means that the magnifude of the isductor/lamp
current will now start to decrease. As this inductor/lamp
current decreases, so—within a few micro-seconds—does
the lamp light output; 2nd a point is soon reached at which
the lamp light output becomes low enough to make the
output from photo sensor PS such as to cause the switch
controller to cause the switching transistor to switch back
into its fully conductive state.

Thereafter, the cycle will repeat with a repetition rate
depending on: i) the iInstantaneous magnitude of the DC
voltage between the B— bus and the B+ bus, ii) the degree
of hysteresis associated with the photo sensor and the switch
controller, iif} the absolute magnitude of the veltage across
the lamp, iv} the magnitude of the inductance of inductor L.,
and v) the delay between an increase/decrease in lamp
current versus the corresponding increase/decrease in lamp
light output.

Since the delay between the increase/decrease of lamp
current versus the coresponding increase/dectease in Jamp
light output is less than abont 25 micro-seconds for most
ordinary fluorescent lamps, it is clearly necessary to make
the time-period of each increase/decrease of inductor/lamp
current substantially Jonger than about 25 micro-seconds;
which means that it is pecessary 1o make the indoctance of
indnctor L large enough to cawse detectable changes in
current magrnitude to occur over Hme-periods substantially
longer than 25 micro-seconds.

Of course, the detectable changes in current magmpitude
depends directly on the detectable changes in the level of
light flux output; which. in turn. depends on the specifica-
tions of the switch controller and particularly on the amount
of hysteresis built thereinto. In the preferred embodiment,
the sensitivity has been so amanged that the relative
hysteresis-gap is about plus/minus 10%.

Thus, with reference to FIGS. 3d. 3¢, and 3/, the indicated
vatiations in magnitude stays within the band of £10%,

Additional Comments
1) The waveforms of FIG. 3 illnstrate steady-state opera-
tion of the ballasting amangement of FIG. 1 under the
particular condition where the magnitude of the vollage-
drop across the flnorescent Jamp is approximately half the
pezk magnitode of the power line voltage; which condition
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represents a highly desirable sitnation and is in fact
apporcximately attainable in many actual applications.

¥ the magnilide of the voltage-drop across the fluorescent
Jamp were to be substantially less than half the peak mag-
nitude of the power line voltage, the result would be that: i)
the magnitnde of the DC voltage on capacitor ESC would
increase, and ii) switching transistor Qs would be activated
more frequently and even dwring the period when lamp
power is being provided by the energy-storing capacitor,
which is in coatrast with the situation illustrated in FIG. 3.

On the other hand, if the magnimde of the voltage-drop
across the fluorescent lamp were to be somewhat larper than
half the peak magnitude of the power line voltage, the result
would be that: i) the magnitude of the DC voltage on
capacitor ESC would decrease, and ii) switching transistor
Qs would be activated less frequentdy. However, for the
ballast circpit to work at all, it is necessary that the magni-
tude of the voltage-drop across the tamp be no higher than
the average magnitnde of the voltage provided between the
B— bus and the B+ bus; which, in the limiting case, means
that the magnitude of the voltage-drop across the lamp can
not exceed about 63% of the peak magnitude of the power
line voltage.

In any case, as long as the peak maguitode of the power
line voltage exceeds the mapnitnde of the voltage-drop
across the fleorescent lamp by at least 58%, the ballasting
circuit of FIG. 1 will automatically operate to properly
power the finorescent lamp.

b) When the magnitmde of the voltage-drop across the
larnp is significandly less than half the peak magnitude of the
power Hne voltape. the conduction angle of the current
drawn from the power line gets reduced; and the power
factor with which the ballast draws power from the power
line gets comespondingly reduced.

©) It is of course a simple matter o increase or decyease
the magnitude of the voltage applied to the ballast input
termipals IT1 and TT2. This can be done by auto-transformer
action, nsing therefor a tapped primary winding on power
line transformer PLT.

d) One of the major values provided by the ballasting
arrangement of FIG. 1 is that of providing for gas in the
fluorescent lamp to operate at an essentially constant level of
ionization; which. in turn, resulis in several important
values, such as: i) higher luminous efficacy. ii) longer lamp
life, and iii) reduced flicker

¢€) The degree of hysteresis bujlt into the switch contpoller
can be chosen at will over a wide range. However, in view
of practical considerations, in the preferred embodiment, a
relative hysteresis range of plus/minus 10% was chosen.
This value is readily attainable by use of commonly avail-
able electronic components, such as the opto-actuated
Schmitt trigger used in Motorola’s H11L1 opto coupler/
isolator,

£y Adjustment of the Kght levet about which the aulomatic
confrol takes place can readily be accomplished in Several
ways.

For instance, the positjoning of photo sensor PS relative
to the fluarescent lamp determiines how much of the lamp
light flux it receives. thereby determining its control thresh-
old

Or, a shade can be used to block off more or less of the
light flux reaching the photo sensor.

A more practical arrangement, however, is that of pro-
viding an adjustable bias to the trigges means (or hysteresis
means) comprised within switch contzoller 8C; which is
indeed the arangement used in the preferred embodiment,
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g) Ordinarily, when a fluorescent lamp is initislly pro-
vided with power, its light output will be substantally Jower
than it will be once the lamp bhas warmed up to proper
operating temperature. The ballast of FIG. 1 provides com-
s pensation for this effect, in that the Jamp will avtomatically
be provided with substantially higher current as long as the

light output is not up 1o the desired level.

h) An important value associated with providing auto-
matic light output control as hersin described relates to
enexgy-efficiency beyond the point of simply making the
lamp itself operate at a higher efficacy. For a specified level
of light cutput, by autommatically compensating for line
voltage fluctuations and the paturally-occuring lamp light
output deterioration over time. an overall additional
efficiency-advantage of nearly 20% is attained.

i) It is believed that the present invention and its several
attendant advantages and features will be understood from
the precceding description. However, without departing
from the spirit of the invention, changes may be made in its
form and in the constraction and interrelationships of its
component pars, the form herein presented mexcly repre-
senting the presently preferred embodiment.

I claim:

1. An arrangement comprising:
a source operative to provide an AC voltage at a pair of
AC terminals; and
a circuit connected with the AC terminals and operable to
power a gas discharge lamp; the circuit being charac-
terized by:
(i) providing a conditioned voltage at a pair of termi-
nals; and
(ii) including a transistar conducting intermittently at a
time-varying switching frequency. thereby to main-
fain the absoluie magnitmde of the conditioned volt-
age substantially constant.
2. The amrangement of claim 1 wherein the switching
frequency is:
(i) many times higher than the frequency of the AC
voltage; and
(i) time-varying at a frequency equal to twice the fre-
quency of the AC voltage.
3. The arrangement of claim 1 wherein the source is an
ordinary electric utility power line.
4. The armangement of claim 1 wherein the conditioned
voliage is:
(i) an alternating voltage; and
(ii} of frequency substantially lower than the switching
frequency.
5. An arrangement comprising:
a source opemative to provide an AC voliage at a pair of
AC terminals; and
a cifeuit connected with the AC terminals and operable to
power a gas discharge lamp; the circuit being charac-
terized by:
(i) providing a conditioned voliage at a pair of tarmi-
pals; and
(i) including a transistor comducting imtermitently
with a time-varying duty-cycle at a switchipg
frequency, thereby being operative to maintain the
absoluie magnitude of the conditioned voltage sub-
staptially constant,
6. The arrangernent of claim 5 wherein:
(1) the switching frequency is many times higher than the
frequency of the AC voltage; and
(if) the duty-cycle varies at a frequency cqual to twice the
frequency of the AC voltage.
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7. The arrangement of claim 5§ wherein the conditioned
voltage is:
(i) an alternating voltage; and

(ii} of frequency substantially lower than the switching s

frequency.
8. An arrangement comprising:
a source providing an AC veoltage at a pair of AC
torminals; and
an assembly of electrical comporents connected with the
AC terminals and characterized by:
(i) inclading a gas discharge lamp;
(ii) providing an output voltage from a pair of output
terminals; and
({il) including a transistor conducting intermiitently at
a time-varying switching frequency, thereby to main-
tain the absolute magnitude of the outpnt voltage
substantially constant
9. The aragement of claim 8 wherein an electrical con-
duction path exists, at least at cerfain times. between one of
the output terminals and one of the AC terminals,
10. The arrangement of claim 8 wherein the assembly is
additionally characterized by includipg an energy-storing
inductor.

10
1%. The amangement of claim 8 wherein the gas discharge
lamp is a fluorescent lamp operating at a substantiatly
conslant level of ionization.
12. Ap arangement comprising:
a sowrce providing ap AC voltape at a pair of AC
texminals; and
an assembly of electrical components and parts connected
with the AC terminals and characterized by:
(1) incloding a gas discharge lamp;
(ii) being operable to power the gas discharge lamp at
a substantially constant level of ionization. thereby
causing the lamyp to emit a substantially constant
level of light cotput;
(iii) providing an output voltage at a pair of omput
terminals; and
{(iv) including a transistor conducting intermittently at a
time-varying switching frequency, thereby to main-
tain the absolnte magpitude of the output voltage
substantially constant.

* x 0k N X
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OVERVOLTAGE AND THERMALLY
PROTECTED ELECTRONIC BALLAST

RELATED APPLICATIONS

Instant applicatior is a continuation-io-part of Ser. No,
07/771.801 filed Oct. 7, 1991 now abandoned; which is a
continuation of Ser. No. 07/088.592 filed Aug. 24, 1987 now
abandoned; which application Ser. No. 07/088.592 is also a
contination-in-part of the following seven applications:
1. Ser. No. 06/720387 filed Apr. 5. 1985. now U.S. Pat.
No. 4663571,

2. Ser. No. 06/720386 filed Apr. 5. 1985, now U.S. PaL
No. 4.675576;

3. Ser. No. 06/691.171 filed Jan. 14, 1985, now U.S. Pat.
No. 4.644228;

4. Ser. No. 06/680.447 filed Dec. 26. 1984. now U.5. Pat.
No. 4,638.395; .

5. Ser. No. 06/677.562 filed Dec. 3. 1984. now U.S. Pat
No. 4698553
6. Ser. No. 06/612.058 filed May 18. 1984, now U.S. Pat
No. 4.667,131;
7. Ser. No. (/605,479 filed Apr. 30, 1984, now U.S. Pat.
No. 4,626.953;
each one if which seven applications is a continuation-
in-part of: (1) Ser. No. 06/640240 filed Aug. 13, 1934, now
U.S. Par. No. 4,563.719; (ii) Ser. No. 06/506.420 filed Jun.
21. 1983, now U.S. Pat No. 4581.562; (iil) Ser. No.
06/500.841 filed Jun. 3. 1983. now U.S. Pat No. 4.538.095;
(iv) Ser. No. 06/495.540 filed May 17. 1983, now U.S. Pat.
No. 4.554.487: (v) Ser. No. 06/481.714 filed Apr. 4, 1983,
now U.S. Pat. No. 4.507.698; {vi) Ser. No. 06/456.276 filed
Feb. 22. 1983, now U.S. Pat. No. 4.503.363; and (vii) Ser.
No. 06/411,263 filed Aug. 25. 1982, now U.S. Pal. No.
4.461.980.

BACKGROUND OF THE INVENTION

Field of Invention

Instant invention relates to means for automatically pro-
tecting inverter-type electronic ballasts from excessive volt-
ages and temperatures, particularly as accomplished by
automatic inverter disablement.

SUMMARY OF THE INVENTION

Objects of the Invention

An object of the present invention is that of providing a
cost-cffective means for preventing an inverter-type clec-
tronic ballast from becoming a potential electric shock
hazard and/or fire iniiation hazard.

These as well as other objects. features and advantages of
the present invention will become apparent from the fol-
lowing desaription and claims.

Brief Description

In its prefered embodiment, subject inventon constitutes
a series-excited parallel-loaded fluorescent lamp ballast
comprising the following key component parts:

a source of DC voltage, which DC voltage is derived by
rectification of the AC voltage from a regular &) Hz power
line;

an inverter connected with the source of DC voltage and

operative to provide across an output a relatively high-
frequency squarewave voltage, the inverier comprising a

25
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disable-means opcrative on receipt of a disable-sigpal to
disable the inverter and thereby to remove the squarewave
voltage from the output while also substantiaily reducing the
power drawn by the inverter from the source of DC voltage:

a series LC circuit connected across the output, the LC
circuit being substantially series-resonant at the fundamental
frequency of the squarewave voltage;

a fuorescent lamp connected across the tank-capacitor of
the LC circuit;

temperature Se0S0T Means operative to provide the disable

‘'signal whenever its temperature exceeds a predetermined

level;
overvoltage sensor means operative to provide the disable
signal whenever the magnitude of the voltage across the
tank-capacitor exceeds a pre-established level; and
whezeby. if the magnitude of the voltage across the lamp
and/or the temperature of the ballast were to become
excessive, the inverter be disabled.

BRIEF DESCRIFTION OF THE DRAWING

FIG. 1 schematically illustrates the prefered embodiment
of the invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

Descaription of the Drawing

In FIG. 1. a source § of 120 Volt/60 Hz voltage is applied
to a full-wave bridge rectifier BR. the unidirectional voltage
output of which is applied directly between a B+ bus and a
B-- bus, with the positive voltage being connected to the B+
bus.

Between the B+ bus and the B— bus are connected a
series-combination of two ransistors Q1 and Q2 as well as
a series-combination of two epergy-storing capacitors C1
and C2.

The secondary winding CT1s of positive feedback current
transformer CT1 is connected directly between the base and
the emitter of transistor Q1; and the secondary winding
CT2s of positive feedback current transformer CT2 is con-

. nected directly between the base and the emitter of trapsistor

45
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Q2.

The collector of transistor Q1 is connected directly with
the B+ bus; the emitter of transistor Q2 is connected directly
with the B— bus; and the emitter of transistor Q1 is con-
nected directly with the collector of transistor Q2. thereby
forming junction QJ.

One terminal of capacitor C1 is connected directly with
the B+ bus, while the other terminal of capacitor C1 is
connected with a junction CI. One terminal of capacitor C2
is connected directly with the B— bus. while the other
terminal of capacitor C2 is conpected directly with junction
cl.

An inductor L and a capacitor C are connected in seties
with one another and with the primary windings CT1p and
CT2p of current transformers CT1 and CT2.

The serics-connected primary windings CT1p and CT2p
are connected directly between junction QJ and a point X.
Inductor L is connected with one of its terminals to point X
and with the other of its termirals to one of the terminals of
capacitor C. The other terminal of capacditor  is connected
directly with junction CJ.

A fluorescent lamp FL is conpected. by way of lamp
sockets S1 and $2. In paralle]-circuit across capacitor C.



Case: 1:03-cv-02962 Document #: 1 Filed: 05/02/03 Page 76 of 200 PagelD #:76

5,710,489

3

A Varstor V and primary winding CT3p of current
transformer CT3 are connected in series across capacitor C,

One terminal of the secondary winding CT3s of trans-
former CT3 is connected with the B— bus: the other terminal
of this secondary winding is connected with the anode of a
high speed rectifier HSR1. The cathode of rectifier HSR1 is
connected to the positive terminal of an energy-storing
capacitor EC. The negative termninal of capacitor EC is
connected directly to the B— bus. A bleeding resistor R1 is
connected directly across capacitor EC.

A Diac D1 is connected between the cathode of rectifier
HSRI1 and the cathode of another high speed rectifier HSR2.
The anode of rectifier HSR2 is connected to the B- bus.

Between the cathode of rectifier HSR2 and the base of an
auxiliary wransistor Qa Is connected 2 resistor R2.

The collector of ransistor Qa is connected directly to the
base of transistor Q2, and the emitter of transistor Qa is
conpected directly to B— bus.

The combination of varistor V. current transformer CT3,
rectifier HSR1. capacitor EC. Resistor R1, Diac D1. rectifier
HSR2. resistor R2 and transistor Qa is referred to as sub-
assemnbly A.

A series-combination of a capacitor C3 and a Diac D2 is
conpected between the B+ bus and the base of ansistor Q2.
A resistor R3 is connected in paralle]l with capacitor C3.

A resistor R4 is connected between the B+ bus and the
cathode of a Zener diode Z, whose anode is conbected with
the B— bus. A thermistor T is connected between the cathode
of Zener diode Z and the anode of a diode D3, whose
cathode is connected with the cathode of rectifier HSR1. A
resistor RS is connected between the anode of diode D3 and
the B— bus.

Details of Operation

In FIG. 1. the source S represents an ordinary electric
utility power line. the voltage from which is applied directly
to the bridge rectifier identified as BR. This bridge rectifier
is of conventional construction and provides for the rectified
line voltage Lo be applied Lo the inverter circuit by way of the
B+ bus and the B— bus.

The two energy-storing capacitors C1 and C2 are cob-
nected directly across the output of the bridge rectifier BR
and serve to filter the rectified line voltage, thereby provid-
ing for the voltage between the B+ bus and the B— bus to be
substantially constant. Junction CJ between the two capaci-
tors serves 10 provide a power supply center tap.

The ipverter circuit of FIG. 1. which represents a
so-called half-bridge inverter. operates in a manner that is
analogous with circuits previously described in published
literature, as for instance in U.S. Pat. No. 4,184.128 entitled
High Efficiency Push-Pull Inverters.

Upon initizl application of power to the circuit, inverter
oscillation is initiated by one or a few trigger pulses applied
to the base of transistor Q2 by way of the combination of
Capacitor C3 and Diac D2. Once the magnitude of the B+
vollage has stabilized, due to the effect of R3. periodic
additiopal trigger pulses will be provided.

Under normal circumstances. these additional trigger
pulses will have substantially no effect on the circuit
However. if for one reason or other inverter oscillations were
to be interrupted. the rigger pulses will serve to restart the
oscillations.

The output of the half-bridge inverter is a substantally
squarewave 33 kHz AC voltage provided between point X
and junction CJ. Directly across this output is connected a
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resonant or near-resonant L-C series circuit—with the fiuo-
rescent lamp connected in paralle]l with the tank-capacitor
thereof.

_ The resonant or near-resonant action of the L-C series
circuit provides for appropriate lamp starting and operating
voltages, as well as for proper lamp current limiting; which
is to say that it provides for appropriate lamp batlasting.

When the inverter is operating, the voltage developed
acToss the tank-capacitor is essentially only limited by the
voltageclamping characteristics of either the fluorescent
larop FL or the Varistor V—i.e., by the one which clamps at
the lower voitage. If the lamp is inoperable. or if the lamp
is removed from the circuit. or during the brief period before
the lamp ignites, the Varistor acts as the pripcipal voltage-
clamping means; and the circuit load current then flows
through this Varstor. As soon as the lamp gets into
operation. however, the voltage across the tank-capacitor
(and thereby across the Varistor) falls to a magnitude that is
so low that current will no longer flow through the Varistor.

In the arrangement of FIG. 1. the various relevant voltage
and current magnitudes are approximately as follows: i)
maximum required lamp starting voltage: 500 Volt RMS for
pot more than about 50 milli-Second; i) Varistor RMS and
peak clamping voltage. as well as energy-handling capabil-
ity: 511 Volt RMS. 750 Volt and 40 Joules. respectively:
lamp operating voltage and current: 140 Volt RMS and 0.2
Amp RMS3. respectively.

In an LC series-resonant circuit, the power provided to-a
resistive load connected in parallel with the circuit tank-
capacitor is approximately proportional to the magnimde of
the load resistance. Hence. in FIG. 1. as long as the param-
eters of the LC circuit have been arranged to provide the
fluorescent lamp with its required ).2 Amp operating cuirent
at 140 Volt RMS (which corresponds to 28 Watt), the load
power resulting at higher voltages will be roughly propor-
tionately larger. Thus, at the point where the Varistor is
claroping (at about 511 Volt RMS). the power provided to
the Varistor is on the order of 100 Watt. However. since the
fluorescent lamp is supposed to start within 500 milli-
Second, the total cumulated energy dissipation in the Varis-
tor is limited by the lamp to about 5 Joule. .

That is, under normal conditions, current will flo
through the Varistor for but a very brief period of time.
Thereafier. the lamp starts and the Varistor in effect gets
disconnected.

However, if the lamp is inoperative or not connected. the
amount of energy that would be dissipated in the Varistor
would rapidly exceed its energy-handling capability. In
particular, for the parameters indicated above, the maximum
energy capable of being absorbed by the Varistor would be
reached in onty 0.4 Second

As long as current is flowing through the Varistor. it also
flows through the primary winding CT3p of current-
transformer CT3; which roughly implies that a correspond-
ing output aurent can be obtained from the secondary
winding CT3s. By way of rectifier HSR1. the positive
component of this output current is used for charging
energy-storing capacitor EC; which. after a brief period.
accumulates a charge and develops a coresponding voltage.
After this capacitor voltage has reached a magnitude high
enough to cause the Diac D1 to break down, the accumu-
lated charge on the capacitor is discharged into the base of
transistor Qa—the magnitide of the discharge current being
limited by the resistance of R2.

With a Diac breakdown voltage of about 30 Volt and 2
capacitance value of 33 uF for the coergy-storing capacitor
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EC. the amount of charge accumeulated at the point of
breakdown is about 1 milli-Coulomb. Thus, if the break-
down is 1o cccur in a time period of about 250 milli-Second
(which is chosen as being a suitable value), the magnitude
of the current supplied 1o the capacitor would have to be
about 10 milli-Amp; which is indeed what is approximately
provided in the circuit of FIG. 1. -

Now,. as the Diac breaks down. the | milli-Coulomb
charge om capaciter EC discharges into the base of
Qa—limited mainly by the resistance of R2. With the Qa
transistor being thusly switched into a conductive state,
‘albeit for just a brief moment. a very low impedance path is
provided between the base and the emitter of transistor Q2.
As a result, the inverter feedback path is broken and the
inverter stops oscillating

And. of course, once it has stopped oscillating. the
inverter will not restart unti} trigger pulses are provided by
way of Diac D2; which pulses will be provided periodically
due to the effect of resistor R3. Thus. afier a predetcrmined
period, the inverter will restart; but. except if now operating
properly. it will be disabled again almost immediately.

However, the key aspect of the present invention is
associated with the effects of elements R4, Z, T. RS and D3.

Resistor Rd is operative to cause a cumrent to flow through
Zener diode Z. which has a Zenering-voltage of about 50
Volt, thereby establishing a substantially constant-
magnitude 50 Volt DC voliage thereacross.

The 50 Volt DC voltage is voltage-divided by way of
thermistor T and resistor RS; and the divided voltage is
applied to energy-storing capacitor EC by way of diode D3.
Thus. when the divided voltage reaches a magnitude of
about 30 Voit. EC will eventually reach a voltage large
enough to cause Diac D1 to break over. thereby disabling the
inverter.

Due to the basic nature of a Thermistor. its resistance will
decrease gradually though significantly with temperature;
which means that the magnitnde of the divided voltage will
correspondingly increase with (emperature.

Values of Thermistor T and resistor RS are so chosen that
the divided voltage will reach 30 Volt at a temperature of
about 90 degrees Centigrade; which means that a disable
signal will then be provided. thereby to disable the inverter.

After a predetermined time, the inverter will be wiggered
into oscillation again, but only to be disabled immediately
except if the temperature has decreased substantially.

Additional Comments

(a) As the temperature of Thermistor T increases, the
magnitude of the divided voltage increases corespondingly.
thereby providing for a temperature-dependent voltage-bias
on energy-storing capacitor EC. In turn, this implies that the
time it takes for the Varistor current {indirectly) to charge
capacitor EC to the point of Diac breakover will be shorter
at higher temperatures—a feature that is generally advanta-
geous; preventing the fucrescent lamp from getting ignited
until the temperature has fallen substantially below the point
at which the divided voltage is by itself is large enough 1o
cause Diac breakover.

(b) In the circuit of FIG. 1. if luorescent lamp FL were to
be removed or otherwise fail to provide a proper loading for
tank-capacitor C. the circuit will enter 2 mode whereby it
will provide between its output terminals (i-e., the terminats
of sockets SI and S2) a high-frequency voltage that after-
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pates at la relatively low frequency (e.g.. one cycle per -

second) between being of a relatively high magnide (e.g.

6

500 Volt RMS) and being of a relatively low magnitude
(e.g.. zero), spending a relatively brief amount of time (e.g..
100 milli-seconds) being at the relatively high magnitude
and a selatively long time {¢.g.. %00 milii-seconds) being at
the relatively low magnitude.

Thus, with the lamp removed from its sockets, the ballast
output voliage is a high-frequency (e:g.. 33 kHz) voltage
amplitude modulated at a low frequency (e.g.. 1 Hz):
whereas, with the lamp in its sockets and drawing a proper
amount of power. the ballast output voltage is a high-
frequency voltage of substantially constant amplitude.

(c) The value of resistor R1 is such as to provide for a
slow discharge of energy-storing capacitor C3.

In accurately calculating the voltage-division-ratio asso-
ciated with the Thermistor and RS, it is necessary to consider
the extra loading caused by leakage resistor R1.

In fact, in many cases. RS may be eliminated and its effect
be provided by a properly chosen R1.

(d) The RMS magnitude of the (high-frequency) voltage
required to properly instant-start a fluorescent lamp is usu-
ally at least 3.3 times as high as that of the voltage devel-
oping across the lamp under normal full-power operaton.
Thus, an open circuit ballast eutput voltage of 500 Volt RMS
would be appropriate for a lamp with normal full-power
operating veltage of about 150 Volt RMS.

Thus, with a Jamp having a full-power operating voltage
of 150 Volt RMS. the circuit arrangement of FIG. 1 would
appropriately have the following characteristics:

(i) with fluorescent lamp FL connected and drawing full
power, the RMS magnitude of the voltage across lamp FL.
and thereby between the socket terrninals of sockets S1 and
$2. is about 150 Volt RMS and substantially constant.

(ii) with lamp FL not connected. the RMS magnitude of
the voltage between the socket terminals periodically varies
between zero and S00 VoIt RMS: being at zero magnitude
for about 90% of the time and at 500 Voit RMS for about
10% of the time. thereby having an average RMS magnitude
of about 50 Volt RMS:

(iii) which means that with the lamp not connected. the
high-frequency (33 kHz) voltage existing between the
socket terminals is amplitude-modulated at a relatively low
frequency {e.g.,’or 1 Hz), in that the amplitude of this
high-frequency voltage periodically (at 1 Hz) alternates
between having zero magnitude and having a 500 Volt RMS
magnitude,

(iv) which further means that, with the lamp not
connected, the RMS magnitude of the amplitde-modulated
voltage present between the socket terminals—as measured
over an integrating period of a complete modulation cycle—
is the square root of: (the square of 500 Volt RMS divided
by 10}, which is the same as 500 Volt RMS divided by the
square root of 10; which is to say. about 158 Voit RMS. In
other words, in terms of net RMS value (i.e., net power
generating effect), a voltage of 500 Volt RMS magnitude
existing for 10% of the time during a pericd where the
magnitde is zero during the remaining 90% of the period,
is equivalent to a voltage of 158 Volt RMS existing through-
out the whole period. Thus, since the magpitude of the
voltage existing between the socket terminals when the lamp
is conpected is about 150 Volt RMS, it is noted that the long
term RMS magnitude of the voltage existing between the
socket terminals-is about the same (Le., 158 Voll RMS) when
the lamp is not connected. However, by making the duty-
cycle of the medulation a litle saller (¢.g., more than about
12), the RMS magnitude of the voltage between the socket
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terminals could be made to be smaller when the lamp is not
connected versus what it 1s when the lamp is connected.

Thus. with particular reference to FIG. 1 and Items (ii)
through (iv) above. it is seen that, whenever the famp is not
connected. the voltage provided between the socket texmi-
nals is a high frequency AC voltage that is amplitude-
modulated at a relatively low frequency (e.g. | Hz). where
the relatively low frequency is low relative to the frequency
of the high frequency (e.g.. 33 kHz) AC voltage. In the
particular embodiment herein disclosed, with the lamp not
conpected. the AC voltage between the socket terminals is
represented by periodic bursts of high-frequency AC volt-
age.

Also, with particular reference to FIG. 1 and Items (i) and
(ii) above. it is seen that: whenever the lamp is connected
with the socket terminals, the AC voltage thereacross exhib-
its a first magnitude. namely 2 steady or non-varying RMS
magnitude (e.g.. 150 Volt) with a comresponding peak-to-
peak magnitude (¢.g., 424 Volt); and whenever the lamp is
not so connected, the AC voltage across the lamp terminals
exhibits a second magnitude. This second magnitude is
characterized by varying between zero and a very high
maximum RMS or peak-to-peak level (e.g.. 500 Volt RMS
or 1400 Volt peak-to-peak). with an average RMS magni-
tude far lower than the maximurn level {(e.g.. an average of
50 Volt RMS). Thus. it is seen that the AC voltape across the
lamp terminals exhibits a first peak-to-peak magnitude
whenever the lamp is connected between the lamp terminals.
and a second peak-to-peak magnitude whenever the lamp is
not so connected. with the second peak-to-peak magnitude
being distinctly higher than the first peak-to-peak magni-
tude. Further. it is seen that the RMS magnitude of the AC
voltage between the lamp terminals is distinctly higher when
the lamp is connected thereagoss as compared with a
situation when the lamp is not $0 connected.

(e) It is believed that the present invention and jts several
attendant advantages and fearures will be understood from
the preceeding description. However. without departing
from the spirit of the invention. changes may be made in its
form and in the constrzction and interrelationships of its
component parts. the form herein presented merely repre-
seating the presently preferred embodiment.

I claim:

1. An amrangement comprising: :

a source operative 10 provide a DC voltage actoss a pair

of DC terminals;

a lamp holder having a pair of lamp sockets operative to
receive and hold a gas discharge lamp; the lamp holder
having a pair of socket terminals; and

an assembly connected with the DC terminals and the
socket terminals; the assernbly being functional: (i) as
long as the lamp is connected with the socket terminals.
to-deliver a lamp current thereto; and (ii) whenever the
lamp i3 not 5o connected. to provide across the socket
terminals a high frequency AC voltage that is
amplitude-modulated at a low frequency; high fre-
quency being defined as a frequency higher than 10
kHz: low frequency being defined as a frequency lower
than 100 Hz; the assembly being further characterized
by not including a thermal circuit breaker functional to
make and break connection between two terminals by
way of a thermally activated mechanical costacior
mneans.

2. The arangement of claim 1 wherein the assembly is

further characterized by including a control sub-assembly
operative. on receipi of a first control action at a contro}

8

action -input, to cause 2 substantial reducticn of the magnj-
tude of any voltage present across the socket terminals. |
3. The arangement of claim 2 wherein the assembly is
still further characterized by including a restoring sub-
assembly operative, whenever the magnimde of any voliage
present across the socket terminals has remained below a
cerain low leve! for longer than 2 certain length of time, to

" cause a substantial increase in this magritude.
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4. The arrangement of claim 1 wherein the assembly is
further characterized by including a control sub-assembly
operative, on receipt of a control action at a control action
input, to stop delivery of the lamp current even under a
condition when the lamp is conneded with its socket ter-
minals.

5. The amangement of claim 4 wherein the control sub-
assembly is further characterized by including a temperature
sensing sub-circuit operative to supply said coatrol action in
case a temperaiure associated with the assembly were to
exceed a predetermined level.

6. An arrangement comprising:

a source operative to provide a DC voltage across a pair

of DC terminals;

a lamp holder having a pair of lamp sockets operative 10
receive and hold a gas discharge lamp; the [amp holder
having a pair of socket terminals; and

an assembly connected in circuit with the DC terminals
and the socket terminals; the assernbly being functional
to provide an AC output voltage to the socket termminals;
the assembly including a control sub-azssembly con-
nected in circuit therewithin and being operative to
affect the RMS magritude of the AC-voltage in
response to a control action received al a control action
input, the assembly being further characterized by
being operative., whenever the lamp is connected with
the socket terminals. to cause a lamp current to flow
through the lamp and to cause the RMS magnitude of
the AC voltage to assume a first average level; and (ii)
whenever the lamp is not connected with the socket
terminals. to cause provision of said control action to
the control action input. thereby to cause the RMS
magnitude of the AC voltage to assume a second
average level; the second average level being distinctly .
lower than the first average level

7. The arrangement of claim ¢ wherein the control sub-
assembly is further characterized by causing, whepever the
lamp is disconnected from the socket terminals. the AC
voltage to be amplitnde-modutated at a low frequency; the
low frequency being lower than the frequency of the AC -
voltage by a factor higher than one hundred.

8. The arrangement of claim 7 wherein, whenever the
lamp is disconnected from the socket termipals, the AC
voltage comprises periodic bursts of high-frequency AC
voltage; each burst of high-frequency AC voltage having a
certain high-level RMS magnitude and being followed by a
period during which the RMS magnitude of any voltage then
present at the socket texminals is substantially lower than
said high-level RMS magnitude.

9. The arrangement of claim 8 wherein the assembly is
further characterized in that whenever the lamp is: (1)
connected with the socker terminals. the AC voltage exhibits
a first peak-to-peak magnitude; and (ii) not connected with
the socket terminals, the AC voltage exhibits a second
peak-to-peak magnituide; the second peak-to-peak magni-
rude being distinctly higher than the first peakto-peak mag-
nitnde.

10. An arrangement comprising:

source means operative to provide a DC voltage across a
pair of DXC terminals;
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a lamp holder having a pair of lamp sockets operative to
receive and hold a gas discharge lamp; the lamp holder
having a pair of socket terminals; and

inverter power supply means connected in circuit between
the DC terminals and the socket terminals; the inverter
power supply means: (i) being operabie to provide an
inverter output voltage between the socket terminals;
(ii) being operable to properly power the gas discharge
lamp as fong as this gas discharge lamp is indeed being
held by the lamp sockets; and (iif) having control
means fupctional to control the magnitude of the
inverter output voltage such as to prevent its RMS

10

that temperature exceeds a predetermined level. to
provide the disable signal. thereby to disable the
inverter and to cease to provide power (o the lamp
means; the temperature sensor means being further
characterized by including an element whose electrical
characteristics changes gradually but substantively as a
result of gradual changes in said temperature; and

restart means connected in circuit with the inverter and
operative to cause the inverter to re-start its operation
some time after il has been disabled.

13. An improvement for a power supply for a lamp; the

power supply comprising self-oscillating inverter connecied
with a DC voltage and operable to convert the DC voltage
to a high frequency voltage, therewith to power the lamp: the
improvement comprising:

magnitude from exceeding a predetermined level; the
control means being further characterized by not
including a thermal circuit breaker functional to make 15

and break connection between two terminats by way of
a thermally activated mechanical contactor means.
11. An arrangement comprising:
rectifier means adapted to connect with an ordinary elec-

disable means connected with the self-oscillating inverter;
the disable means comprising an element whose elec-
trical characteristics changes gradually but substan-

tric utility power lize and. when so connected, to 20 tively_ asa re.sult of _gradua.l changf:s ina temperature
provide a DC voltage at a DC output; associated with the inverter; the disable means being
self-oscillating inverter means connected with the DC operable. whclncvcaithc tcrg}pa'at;.}rc exceeds a prede-
output and, except after having been provided with a termined level. to disable f?- self-oscillating ;‘V‘mﬁ
disable signal at a disable input. operable to convert the and thereby mto grcvcg[ it lrom cclmvc:_u.nﬂ.lg e I;C
DC voltage to a high frequency voltage provided at an 23 voltage to the high frequency voltage: the disa le
inverter output; means including autornatic restart circuitry operative to
connect and matching means connected with the inverter ::sulf;e[hc ;ggﬂtu towfr'ﬁuiha;cl“s oscillation and to
output and operative 1o connect with a gas discharge pr & power ¢ . amp-
14. An amangement comprising:
lamp means. thereby to properly power that lamp . i
means: and 30  a source operative to provide a DC voltage of substan-
temperature semsor means responsive to a temperature tially constant magnitude aczoss a pair of DC terminais;
associated with the inverter means; the temperature a Iamp.holdcr having a pa.x_r of lamp sockets operative to
sensor means being connected with the disable input receive and hold a gas discharge lamp: the lamp holder
and operative. whenever the temperaime exceeds a having a pair of socket terminals; and
predetermined level. to provide the disable signal; the 33 an assembly connected in circuit with the DC terminals as
temperature sensor means being further characterized well as with the socket terminals; the assembly being
by including an clement whose electrical characteris- operative, whenever the lamp is not connected with the
tics changes gradually but substantively as a result of socket terminals, to provide thereacross an AC voltage
gradual changes in said temperature, © amplimde-modulated at a frequency ne higher than one
restart means connected with the inverter means and hundredth that of the AC voltage; the assembly being
ope[aﬁvc_ after a l;[edctgr_n;jne,d period. to cause the further characterized by not including a thermal circuit
inverter means to resume converting the DC voltage to breaker functional to make and break copnectiob
the high frequency voltage; between two terminals by way of a thermally activated
thereby. wheaever the temperature has exceeded a prede- contactor means. .
termined level: (i) to disable the inverter means, there- 15. An arangement comprising:
fore preventing it from converting the DC voltage to a source operative to provide a DC voltage of substan-
the high frequency voltage; (ii) substantially to cease tially constant magnitude across a pair of DC terminals;
supplying power to the lamp means; and (iii) substan- a lamp holder having a pair of lamp sockets operative to
tially to stop the rectifier means from drawing power , receive and hold a gas discharge lamp; the lamp holder
from the power line; and (iv) after the predetermined having a pair of socket termipals; and
period, to cause the inverter means to attempt but fail an assembly copnected in circuit with the DC terminals as
to resume supplylng power tr:\ the lamp means. well as with the socket terminals; the assembly being
12. A“ arangement compnsing: . operative: (i) whenever the lamp is conpected with the
rectifier connected with an ordinary clectric utility power 55 socket terminals, to supply to the lamp an dlternating
i line and operative 1o provide a DC voltage at a DC curent of substantially constant amplilde; and (ii)
output, whenever the lamp is not so connected, to provide
sc].f-ods‘d.llating aitﬂ"'m connected WidmcdmethDC output across the socket terminals an AC voltage whose RMS
and, except after having been provided with a disable magnitude varies periodically at a relatively low fre-
signal at a disable input. operative to provide a high 4 quency; the frequency of the AC voltage being at least
frequency voltage at an inverter output; one huadred times higher than that of the relatively low
connect and matching means cou.nc.cit?d with the 'i.nvcrte:r frcqueucy;_l.hc assembly being further charactm_izzd by
output and operative to connect with a gas discharge not induding a thermal circuit breaker functional to
lamp meaps, thereby to provide power to the lamp make and break connection between two terminals by
means; 65

" temperatire sensor means responsive to a temperature
associated with the inverter and operative whenever

way of a thermally activated contactor means.

* * x * *
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{571 ABSTRACT

A half-bridge inverter is powered from a constant DU
voltage and loaded by way of an L-C circuit that has a
nahyal resorance frequency egumal to of lower than the
inverter’s operating frequency. A gas discharge lamp is
discomnectably connected across the tank capacitor of the
1-C circuit and, when indeed so eonnected. is provided with
a carrent-limited high-frequency (30 kHz) voltage. The
magnitude of the resulting lamp current decreases as the
inverter's operating frequency is increased; which operating
frequency is controlled by way of a negative feedback
arrappement that causes the frequency to increase as a
function of increasing magnitmde of the current fowing
through the tank capacitor. Thus. particularly with the lamp
disconnected. the magnitude of the current flowing throngh
the capacitor—and therefore also the magnitbde of the
voltage existing across it—will be regulated so as to be
lower than it would be in the absence of the megative
feedback.

29 Claims, 5 Drawing Sheets
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ELECTRONIC BALLAST WITH
FREQUENCY CONTROL

RELATED APPLICATIONS

The present application is a Continuation of Ser. No.
07/819.655 filed Jan. 13. 1992 now U.S. Pat. No. 5.191.262;
which is a Continuation of Sexial No. (7/643.023 filed Jan.
18. 1991 now abandoned; which is 2 Continwation-in-Part of
Ser. No. 06/787.692 filed Oct. 15. 1985 now abandoned;
which is a Continuation of Ser. No. 06/644.155 filed Aug.
27. 1994. now abandoned; which is a Continnation of Ser.
No. 06/555.426 filed Nov. 23. 1983, now abandoned; which
i3 a Continuation of Ser. No, 06/178.107 filed Aung, 14, 1980,
now abandoned; which Ser. No. (6/555.426 is also a
Continuation-in-Part of Ser. No. 06/330.152 filed Dec. 14,
1981. now U.S. Pat. No. 4.430.628; which is a Division of
Ser. No. 05/073.741 filed Dec. 28. 1978, now abandoned;
which i a Continuation-in-Part of Ser. No. 05/890.586 filed
Mar. 20. 1978. now U.S. Pat. No. 4.184.128.

BACKGROUND OF THE INVENTION

1. Field of Invention

This invention relates to ballasting means for gas dis-
charge lighting means.

2, Desaiption of Prior Art

For a description of pertinent prior art. reference is made
to [0S, Pat, No. 4.677 345 10 Nilssen; which patent issued
from a Division of application Ser. No. 06178.107 filed
Aug. 14, 1980; which application is the original in-part
progenitor of instant application. Also, reference is made to
U.S. Pat. No. 3.263.122 to Genuit, No. 3.320.510 to Lock-
lair; No. 3.996.493 to Davenport et el.; No. 4100476 to
Ghiringhelli; No. 4.262.327 to Kovacik et al.; No. 4,370.600
o Zansky, No. 4.634.932 to Nilssen; and No. 4,857,806 to
Nilssen.

SUMMARY OF THE INVENTION

Objects of the Invention

A main object of the present invention is that of providing
a vost-effective ballasting means for gas discharge lamps.

This as well as other objects. features and advantages of
the present invention will become apparent fiom the fol-
lowing description and claims.

Brief Description of the Invention

A half-tridge inverter is powered from a constant DC
voltage and loaded by way of an L-C circuit that has a
patural resonance frequency equal to or lower than the
inverter’s operating frequency. A gas discharge lamp iz
discopnectably connected across the tank capacitor of the

L-C circuit and. when indecd so connected. is provided with

a current-limited high-frequency (30 kHz) voltage. The
magwitude of the resulting lamp current decreases as the
inverter's operating frequency is increased; which operating
frequency is controlled by way of a pegative feedback
arrangement that causes the frequency to inarease as a
function of increasing magnitude of the cument fowing
through the tank capacitor. Thus. particularly with the lamp
disconnected. the magnitude of the curent fowing through
the capacitor—and therefore also the magpitude of the
voltage existing across it—will be regnlated so as to be
lower thaz it would be in the absence of the negative
feedback.

Otherwise. in the form of another embodiment, in an
electronic inverier-type ballast for a gas discharge lamp. a

5
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basic and significant problem associated with powering the
lamp by way of 2 current-limiting inductance means more-
or-less directy from the inverter’s high-frequency {c.g. 30
kHz) squarewave voliage {as opposed to first shaping this
squarewave voltage into a sinusoidal voltage by way of a
tuned circuit) is that of spuricus resonances occuming dee to
resonant interactions (al harmonic components of the
squarcwave voltage) between the effective output induc-
tance represented by the current-limiting inductance means
and the unavoidable stray capacitance associated with the
output wiring means used for connecting between the bal-
last’s output and the lamp. This problem is mainly sipnifi-
cant during periods of open circuit operation (such as prior
to lamp ignifion); but during those pericds, the spurious
resopances are apt to cause excessive power dissipations
within the ballast, thereby potentially causing damage to the
ballast Since the particular capacitance value associated
with the output wiring means is 20 unknown—being depen-
deant on some unknown end-use sitnation-—it is not feasible
in a straight forward manner simply to tune the ballast output
inductance and/or the inverter's operating frequency such as
1o avoid these spurions resonances.

Of course. the reason these spurious resonances occur in
the first piace is that the inverter's squarewave voltage
contains a substantial amount of odd harmonic components.
In particolar. it contains ome third (ie. 33.3%) third
harmonics, one fifth (Le. 20.0%) fifth harmonics, etc.

The uswal approach to avoiding the above-mentioned
problem of uncontrollable spurious resonances is that of
powering the lamp by way of a tuned circuit resonantly
tuned to the fundamental component of the inverter's
squarcwave voltage; and. as a result of this tuning. the
problems associated with the harmonic components are
substantially eliminated. .

In an initial preferred ambodiment of the present
invention. a half-bridge inverter is powered from a constant
DC voltage and provides an AC output voltage that is—in

‘contrast with the usual squarewave voltage—describable as

being a sinuscidal waveform with the tops clipped off at
some fixed magnitude; or. described differently. a waveform
conposed of truncated sinusoidal waves; or, described still
differenily. a waveform having trapezoidally shaped half-
cycles, This AC voltage is applied across the primary
winding of & so-called reactance transformer. whose loosely
coupled sccondary winding is connected across a gas dis-
charge Jamp. The internal inductive reactance of the sec-
ondary winding conastituics a lamp ballasting means by way
of limiting the magnitude of the resolting lamp current to a
pre-established desired level. Potentially damaging spurious
of patasitic resonances—which are very likely to occur
under actnal operational circumstances with an unloaded
secondary winding when the primary winding is supplied
with a squarewave voltage—are avoided because of the
truncated sinusoidal waveshape of the AC voltage; which
truncated sinusoidal shape is efficientty attained by a com-
bination of three factors: (i) using rapidly switching tran-
sistors in the inverter; (if) having the transformer’s primary
winding exhibit a substantial shunt inductance; and (jii)
providing for a slow-down capacitor coupled directly across
the primary winding. thereby to substantially slow down the
rise titne of the inverter's output voltage as conpared with
what it would have been if it were to have been determined
solely by the high switching speed of the transistors.
Otherwise and more generally. the present invention is
directed to providing immproved gas discharpe lighting means
and inverter circuits for powering and controlling gas dis-
charge lamps. The inverter circuits according to the present
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invention are highly efficient. can be compactly constructed
and are ideally snited for energizing gas discharge lamps.
particularly compact folded “instant-start™ “self-ballasted”
fluorescent lamps.

According to one featre of the present invention. 2
series-connected combination of an inductor and a capacitor
is provided in circut with the inverter transistors to be
energized upon periodic transistar conduction. Transistor
drive current is preferably provided through the use of at
least one sahurable inductor to control the rapsistor inver-
sion frequency to be equal to or greater than the natural
resonant frequency of the inductor and capacitor combina-
tion. The high voltages efficiently developed by loading the
inverter with the inductor and capacitor are ideally suited for
energizing external loads such as gas discharge lamps. In
such an application. the use of an adjustable inductor permits
control of the inverter output as a2 means of adjusting the
level of lamp lumination.

According to another feature of the preseat invention,
reliable and highly efficient hatf-bridge ipverters include a
saturable inductos in a current feedback circuit to drive the
wansistors for altermate conduction. The imverlers also
include a load having an inductance sufficient to effect
periodic energy storage for self-sustained trapsistor inver-
sion. Importantly, improved reliability is achieved because
of the relatively low and transient-free voltages across the
transistors in these half-bridge inverters.

Further, according to another featme of the present
invention. novel and economical power supplies particularly
useful with the disclosed inverter circuits comvert conven-
tional AC input voltages to DC for supplying to the invert-
ers.

Yet further. according to still another feature of the
invention. a rapid-start fluorescent lamp is powered by way
of & series-resonant LC circait; while heating power for the
lamp’s cathodes is provided via loosely-coupled auxiliary
windings on the tank indoctor of the LC circuit
Alternatively, cathode heating power is provided from
tightly-coupled windings on the tank inductor; in which case
output current-limiting is provided via a non-linear resis-
tance means, such as an incandescent filament in a light
bulb. connected in series with the output of each winding.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a front elevation of a folded fluorescent lamp
unit adapted for screw-in insertion into a standard Edison
incandescent socket;

FIG. 2 is a schematic diagram illustrating the essential
features of a push-pull inverter circuit particularly suitable
for energizing the lamp unit of FIG. 1; .

FIG. 3A-3D is a set of waveform diagrams of certain
significant voltages and cuzrents occurring in the circuit of
FIG. 2;

FIG. 4 is a schematic diagram of a DC power supply
connectable to both 120 and 240 volt AC inputs;

FIG. 5 is a schematic diagram which itustrates the
connection of a non-self-ballasted gas discharge lamp unit to
the FIG. 2 inverter circuit;

FIG. 6 is a schematic diagram which illustrates the use of
a toroid heater for regulation of the imverter output;

FEG. 7 is an alternate form of push-pull invester circuit
accordind to the preseat invention;

FIG. 8 is a schematic diagram showing the cornection of
a gas discharge larnp of the “rapid-start” type to an inductor-
capacitor-loaded inverter according to the present invention;
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FIG. 9 is a schematic diagram illostrating an inverter
ballast circnit arrangement wherein a pair of series-
connected Aluorescent lamps is powered. by way of a reac-
tance wansformer. from an inverter output voltage having a
trapezoidal (ic. truncated sinewave) waveform like that of
FIG. 3A.

"FIG. 10 is a schematic illustration of the reactance trans-

former used in the circuit arrangement of FIG. 9.

FIG. ¥1A-11H show various voltage and current wave-
forms associated with the circuit airangement of FIG. 9.

DESCRIFTION OF THE PREFERRED
EMBODIMENTS

FIG. 1 fustrates a screw-in gas discharge lamp unit 10
comprising a folded fuorescent lamp 11 suitably secured 1o
an integral base 12, The lamp compiises two cathodes 13, 14
which are supplied with the requisite high operating voltage
from a frequency-converting power supply and ballasting
circuit 16; which., because of its compact size. conveniently
fits within the base 12. The Inverter circuit 16 is connected
by lcads 17. 18 to a screw-type plug 19 adapted for screw-in
insertion into a standard Edison-type incandescent lamp
socket at which ordinary 120Volt/60Hz power tine yoltage is
available. A ground plane cormprising a wire or metallic strip
21 is disposed adjacent a portion of the fluerescent lamp 11
as a starting aid. Finally, a manually rotatable external knob
22 is connected to a shaft for mecharical adjustment of the
air gap of a ferrite core inductor to vary the inductance value
thereof in order to effect adjustment of the inverter voltage
output connected to electrodes 13. 14 for controlled varia-
tion of the lamp illumination infensity.

With reference to FIG. 2. a power supply 23. connected to
a conventional AC input, provides a DC output for supplying
-efficiency inverter circuit 24. The invester is operable
to provide a high voltage to an external doad 26. which may
comprise a gas discharpe device sich as the fluorescent lamp
11 of FIG. 1.

The power supply 23 comprises bridge rectifier havmg
four diodes 27. 28, 29 and 31 connectable to a 240 volt AC
supply at terminals 32, 33. Capacitors 34, 36 are connected
between a ground line 37 (in turn directly copnected to the
inverter 24) and to a B+ line 38 and a B— line 39. respec-
tively. The power sapply 23 also comprises a voltage
doubler and rectificr optionally connectable to a 120 volt AC
input taken between the ground line 37 and terminal 33 6r
32. The voltage doubler and rectifier means provides a direct
electrical connection by way of line 37 netween one of the
120 volt AC power input lines and the inverter 24. as shown
in FIG. 2. The bridge rectifier and the voltage doubler and
rectifier provide substantially the same DC output voltage to
the inverter 24 whether the AC input is 120 or 240 volts.
Typical voltages are +160 volts on the B+ line 38 and -160
volts on the B~ line 39.

With additional reference to FIG. 4. which shows an
alternate power supply 23'. the AC inpuot. whether 120 or 240
volts, is provided at terninals 32' and 39. Terminal 3% is in
turn connected through a single-pole double-throw selector
switch 41 to terminal 37 (for 120 volt operation) or terminal
3¥ (for 240 volt operation) . In all other respccts power
supplies 23 and 23 are identical.

The inverter circuit 24 of FIG. 2 is a half-bridge inverter
comprising transistors 42. 43 connected in sexies across the
DC voltage output of the power supply 23 on B+ and B—
lines 38 and 39, respectively. The collector of trasistor 42 is
connected to the B+ line 38, the emitter of transistor 42 and
the collector of transistor 43 are connected to a midpoint line
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44 (designated “M™) and the emitter of transistor 43 Is
connected to the B— line 39. The midpoint line 44 is in turm
connected to the ground line 37 through primary winding 46
of a toroidal saturable core transformer 47. & primary
winding 48 on an identical transformer 49. an indnctor 51
and a serjesconnected capacitor 52. The inductor 51 and
capacitor 52 are energized upon alternate transistor conduc-
tion in a manner to be described later.

An external load 26 is preferably taken off capacitor 52,
as shown in FIG. 2. The inductor 51, preferably a known
ferrite core inductor, has an inductance variable by mechani-
cal adjustment of the air gap in ordex to effect variation in the
level of the inductor and capaciior voltage and hence the
power available to the load. as will be described. When the
load is a gas discharge lamp such as lamp 11 in FIG. 1.
varjation in this inductance upon rotation of knob 22 accom-
plishes a lamp dimming effect.

Drive current to the hase terminals of transistors 42 and 43
is provided by secondary windings 53. 54 of transformers
49. 47. respectively. Winding 53 is also connected to mid-
point lead 44 through a bias capacitor 56. while winding 54
is connected to the B— lead 39 through an identical bias
capacitor 57. The base terminals of transistors 42 and 43 are
also connected to lines 38 and 44 through bias resistors 58
and 59. respectively. For a purpose to be described Iater, the
base of transistor 42 can be opticnally connected to a diode
61 and a series Zener diode 62 in tumn commected to the
midpoint lire 44; similarly, a diode 63 and series Zener
diode 64 in turn conmected to the B— line 3% can be
connected to the base of transistor 43, Shunt diodes 66 and
67 are conmected across the collectof-emitter terminals of
transistors 42 and 43, respeciively. Finally, a capacitor 68 is
connected across the collector-emitter tepminals of transistor
43 to restrain the rate of voltage rise across those terminals.
as will be seen presently.

The operation of the circuit of FIG. 2 can best be
understood with additional reference to FIG. 3, which illns-
trates significant portions of the waveforms of the voltage at
midpoint M (FIG. 3A). the base-emitter voltage on transistor
42 (FIG. 3B), the cutrent through transistor 42 (FIG. 3C).
and the capacitor 52 voltage and the inductor 51 current
{FIG. 3D).

Assuming that ansistor 42 is first to be triggered into
conducton, current flows from the B+ line 38 through
windings 46 and 48 and the inductor 51 to charge capacitor
52 and retums through capacitor 34 (refer to the time period
designated 1 in FIG. 3). When the saturable inductor 49
safmrates at the epd of period L drive current to the base of
transistor 42 will terminate. causing voltage on the base of
the transistor 1o drop to the negative voltage stored on the
bias capacitor 56 in 2 manner to be described. causing this
transistor 1o become nonconductive. As shown in FIG. 3¢,
current-flow in transistor 43 terminates at the cnd of period
L

Because the current through inductor 51 cannot change
instantaneobsly. current will flow from the B— bus 39
through capacitor 68. causing the voltage st midpoint line 44
to drop to —160 volis (period IE in FIG. 3). The capacitor 68
restrains the rale of voltage change across the collectar and
emitter terminals of tramsistor 42. The current through the
inductor 51 reaches its maximum value when the voltage at
the midpoint line 44 is zero. During period IL, the current
will continue to flow through inductor 51 bt will be
supplied from the B~ bus through the shunt diode 67. It will
be appreciated that during the latter half of period I and ali
of period 1L, positive current is being drawn from a negative

1
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voltage; which. positive current is being drawn from a
negative voltage; which. in reality, means that epergy is
being retirned to the power supply through a path of
relatively low impedance.

When the inductor current reaches zero at the stani of
pexiod IV. the current through the primary winding 46 of the
samrable inductor 47 will cause a current to flow out of its
secondary winding 54 to cause transistor 43 10 become
conductive, thereby causing a reversal in the direction of
current through indnctor 51 and capacitor 52. When trans-
former 47 saturates at the end of period IV, the drive curent
to the base of tansistor 43 terminates and the current
through inductor 51 will be supplied through capacitor 68.
causing the voltage at midpoint line 44 to rse (period V).
When the voltage at the midpoint line M reaches 160 volts,
the carrent will then flow through shunt dicde 66 {pexriod
VI). The cycle is then repeated.

As seen in FIG. 3. saturable transformers 47. 4% provide
transistor drive current only after the cumrent through induc-
tor 51 has diminished o zero. Further. the transistor drive
cwrent is terminated before the cuorent through inductor 51
has reached its maximum amplitude. This coordination of
base drive current and inductor current is achieved because
of the series-connection between the inductor 51 and the
primary windings 46, 48 of saturable transformers 47. 49.
respectively.

The serfes-connected combination ¢f the inductor 51 and
the capacitor 52 is energized upon the alternate conduction
of transistors 42 and 43. With a large value of capacitance of
capacitor 52, very little voltage will be developed across its
terminals. As the valee of this capacitance is decreased
however, the voltage actoss this capacitor will increase. As
the value of the capacitor 52 is reduced (o achieve resonance
with the inductor 51. the voltage on the capacitor will rise
and become infinite in a loss-free circuit operating under
ideal conditions.

It has been found desirable to regulate the transistor

. inversion frequency. determined mainiy by the saturation
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time of the saturable inductors 47. 49. to be equel to or
higher than the natural resonpance frequency of the inductor
and capacitor combination in order to provide a high voltage
output to external load 26. A high voltage across capactlor
52 js cfficiently developed as the trapnsistor inversion fre-
quency approaches the natural resopant frequency of the
inductor 51 and capacitor 52 combipation. Stated another
way. the conduction period of each transistor is desirably
shorter in duration than one quarter of the full peried
comresponding to the patural resonant frequency of the
inductor and capacitor combination. When the inverter 24 is
used with a self-ballasted gas discharge lamp unit, it has
been found that the inversion frequency can be at least equal
to the natural resopant frequency of the tank circuit. If the
capacitance value of capacitor 52 is reduced still further
beyond the resonance point. unacceptably high transistor
currents will be experienced during transistor switching and
transistor burn-out will occur.

It will be appreciated that the sizing of capacitor 52 is
determined by the application of the inverter circoit 24.
Variation in the values of the capacitor 52 and the inductor
51 will determine the voltages developed in the inductor-
capacitor tank circuit The external lead 26 may be con-
nected in circnit with the inductor 51 (by a winding on the
inductor, for example) and the capaciter may be omitted
entirely. ¥ the combined circuit loading of the inductor 51
and the external foad 26 has an effective inductance of value
sufficient to effect periodic energy storage for self-sustained
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transistor ipversion, the current feedback provided by the
satrable inductors 47. 49 will effect alternate transistor
conduction without the need for additional voltage feedback
When the capacitor 52 is omitted. the power supply 23
provides a direct electrical connection between one of the
AC power input lines and the inverter load circuit.

Because the voltages across ransistors 42. 43 are rela-
tively low (due to the effect of capacitors 34. 36). the
half-bridge inverter 24 is very relisble. The abscnce of
switching transients minimizes the possibility of transistor
burn-out.

The inverter circuit 24 comprises means for supplying
reverse bias to the conducting transistor upon saturation of
its associated saturable inductor. For this purpose. the
capacitors 56 and 57 are charged to negative voltages as a
result of reset cument flowing into secondary windings 53.
54 from the bases of transistors 42, 43, respectively. This
reverse curmrent rapidly turns off a conducting transistor to
increase its switching speed and to achieve inverter cirouit
effciency in a manper described more fully in my
co-pending U.S. patent application Ser. No. 103.624 filed
Dec. 14. 1979 and entitled “Bias Control for High Efficiency
Inverter Circuit” (now U.S. Pat. No. 4.307.353). The more
negative the voltage on the bias capacitors 56 and 57. the
more rapidly charges are swept out of the bases of their
asseciated transistors upon transistor turn-off.

When a (ransistor base-cmitfer junrction is revessely
biased. it exhibits the characteristics of a Zener diode having
a reverse breakdown voliage on the order of B to 14 Volt for
trapsistors typically used in hiph.voltage inverters. As an
alternative, to provide a negative voltage smaller in magni-
tude on the base lead of typical ransistor 42 during reset
operation. the optional diode 61 and Zener diode 62 com-
bination can be used. For large values of the bias capacitor
56. the base voltage will be substantially constant.

If the Joad 28 comprises a gas discharge lamp. the voltage
across the capacitor 52 will be reduced oace the Jamp is
ipnited to prevent voltages on the inductor 51 and the
capacitor 52 from reaching destructive levels. Such a lamp
provides an initial ime delay during which a high vohage.
sujtable for instant starting. is available.

FIG. 5§ llustraies the use of an alternate load 26" adapted
for plug-in connection to an inverter circuit such as shown
in FIG. 2. The load 26’ consists of a gas discharge lamp 71
having electrodes 72, 73 and connected in series with a
capacitor 74. The combination of lamp 71 and capacitor 74
is connected in paraliel with a capacitor 52’ which sexves the
same purpose as capacitor 52 in the FIG. 2 circuit. However,
when the load 26 is unplugged from the circuit. the inverter
stops oscillating and the development of high voltages in the
inverter is prevented. The fact that no high voltages are
generated by the circuit if the lamp is disconnected while the
circuit is oscillating is important for safety reasops.

FIG. 6 illustrates a capacitor 527 connected in series with
an inductor 517 through a heater §1 sujtable for heating the
toroidal inductars 47, 49 in accordance with the level of
output. The load 26" is connected across the series combi-
nation of the capacitor 52" and the toroid heater. The heater
81 is preferably designed to controllably heat the toroidal
saturable inductors in order to decrease their saturation flux
limi¢ and hence their saturation time. The result is to
decrease the periodic transistor conduction time and thereby
increase the tramsistor inversion freguency. When a
frequency-dependent impedance means, that is, an inductor
of a capacitor. is connectsd in circuit with the AC voltage
output of the ipverler. change in the transistor inversion
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frequency will modify the impedance of the frequency-
dependent impdance means and correspondingly modify the
inverter output. Thus as the level of the output increases. the
toroid heater 81 is comrespondingly energized to effect
feedback regulation of the ottput. Further. transistors 42, 43
of the type used in high voltage inverters dissipate heat
during periodic transistor conduction. As an alternative, the
toroid heater 81 can use this heat for feedback regulation of
the output or cortrol of the temperature of transistors 42. 43,

The frequency dependent impedance means may also be

used in a circuit to energize a gas discharge lamp at
adjustable illurpination levels, Adjustment in the inversion
frequency of tramsistors 42. 43 results in control of the
magnitude of the AC current supplied to the lamp. This is
preferably accomplished where saturable inductors 47. 49
have adjustable flux densitics for control of their saturation
time.
FIG. 7 schematically illusirates an alternate form of
inverter circuit. shown without the AC to DXC power supply
corncctions for simplification. In this Figure. the transistors
are connected in parallel rather than in series but the
operation is essentially the same as previously described.

In particular, this circuit comprises a pair of alternately
condncting transistors 91, 92. The emitter terminals of the
transistors are connected to a B— line 93. A B+ lead 94 is
connected to the center-tap of a transformer 96. In order to
provide drive current to the transistors 91. 92 for control of
their conduction frequency. saturable inductors 97, 98 have
secondary windings 99. 101, respectively. each sccondary
winding having one end connected to the base of its asso-
ciated transistor; the other ends are connecied to a-common
terminal 102, One end of transformer 96 is connected 1o the
collector of ransistar 91 through a winding 103 on inductor
98 in ture connected in series with a winding 104 op
inductor %7. Likewise. the other end of transformer 96 js
connected to the collector of transistor 92 through a winding
106 oa inductor 97 in series with another winding 187 on
inductor 98,

The B+ terminal is connected to terminal 102 through a
bias resistor 168. A bias capacitor 199 connects terminal 102
to the B— lead 93. This resistor and capacitor serve the same
function as resistors 58, 59 and capacitors §6. 57 in the FIG.
2 circuit.

The bases of transistors 91, 92 are conpected by diodes
I11. 112. respectively, 10 2 common Zener diode 113 in turn
connected to the B— lead 93, The comunon Zener diode 113
serves the same function as individual Zener diodss 62. 64
in FIG. 2.

Shunt diodes 114, 116 are connected acxoss the colleciog-
emitier terminals of transistors 91, 92. respectively.

A capacitor 117 connecting the collectors of traasistors
91. 52 restrains the rate of voltage rise on the collectors in
a manner similar to the collector-emitter capacitor 68 in FIG.
2. .

Inductive-capacitive loading of the FIG. 7 inverter is
accomplished by a capacitor 118 connected in series with
with an inductor 119, the combination being connected
across the collectors of the transistors 91. 92. A load 121 is
connected across the capacitor 118.

FIG. 8 illustrates how an inverter loaded with a series
capacitor 122 ard inductor 123 can be psed to snergize a
“rapid-start” fiuorescent lamp 124 (the details of the inverter
circuit being omitted for simplication). The lamp 124 has a
pair of cathodes 126. 127 connecied across the capacitor 122
for supply of operating voltage in a manner identical to that
previousty described. In addition. the inductor 123 com-
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priscs 2 pair of magnetically-coupled auxiliary windings
128. 129 for elecimically heating the cathodes 126, 127.
respectively. A small capacitor 13X is connected in series
with lamp 124,

FIG. 9 shows an embodiment of the present invention that
is expressly aimed at an alternative way of taking advantage
of the fact that the inverter outpui voltage of the inverter
circuit arrangement of FIG. 2 bas the particular trapezoidal
waveshape illustrated by FIG. 3A.

In FEG. 9, a DC sapply voltage of about 320 Volt is
assumed fo be provided between a B— bus and a B+ bus.

A first high-frequency bypass capacitor BPC1 is con-
pected between the B- bus and a junction Jc; and a second
high-frequency bypass capacitor BPC2Z is connected
between junction Je and the B+ bus. The source of a first
field effect transistor FET1 is connected with the B— bus.
while the drain of this same transistor is connected with a
juenction Jf. The source of a second field effect transistor
FET2 is connected with junction J§. while the drain of this
same transistor is connected with the B+ bus, As showan in
dashed outline. each field effect transistor has a commutating
diode built-in between its drain and source. A slow-down
capacitor SDC is connected between junction Jf and the B—
bus.

The primary winding PW of a leakage transformer LT is
connected between junction Je and a junction Ix; the pri-
mary winding PW1 of a first saturable current transformer
SCT1 is series-connected with the primary winding PW2 of
a second saprable cinrent transformer SCT2 between junc-
tions Jf and Jx.

A secondary winding SW1 of transformer SCT1 is con-
nected between the source and gate terminals of FET1; and
a secondary winding SW2 of transformer SCT2 is connected
between the source and gate terminals of FET2. A resister
R1 is connected across secondary winding SW1; and a
resistor R is connected across secondary winding SW2. A
Zener diode Z1a is connected with its cathode to the source
of FET'1 and with its anode to the anode of 2 Zener diode
Z1b. whose cathode is conpected with the gate of FET1. A
Zener diode Z2a is connected with its cathode to the sowrce
of FET2 and with its anode to the anode of a Zener diode
Z2b. whose cathode is conpected with the gate of FET2.

A secopdary winding SW of leakage transformer LT is
connected between ballast output terminals BOT1 and
BOT2.

A first fluorescent lamp FL1 is series-connected with a
second fluorescent lamp FL2 to form a series-combination;
which series-combination is conmected between ballasts
output terminals BOT1 and BOT2. Lamp FL1 has a first
cathode Cla and a second cathode Clb; while lamp F12 has
a first cathode C2a and a second cathode C2b. Each cathode
has two cathode ferminals. Each of the terminals of cathode
C1# is conpected with one of the texminals of cathode C2a.
Each cathode’s terminals are connected with the terminals of
one of three separate cathode heater windings CHW.

The leakage transformer of FIG. 9 is illustrated in further
detail in FIG. 18. In particular and by way of example,
leakage trapsformer LT includes a first and a second ferrite
core clement FC1 and FC2, each of which is an exira long
so-called E-core; which E-cores abut each other across an air
gap AG. Primary windigg PW is wound on a first bobbin B1;
and secondary winding SW is wound on a second bobbin
B2. Cathode heating windings CHW are wound on a smalt
third bobbin B3; which bobbin B3 is adjustably positioned
between bobbins Bl and B2.

The operation of the circuit arrangement of FIG. 9 may
best be understood by referming to the voltage and current
waveforms of FIGS. 11A to 11F.
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FIG. 11A shows the waveform of the voltage provided at
the output of the half-bridge inverter of FIG. 9 during a
situation whers Iamps FL1 and F1.2 are being fully powered.
In particiar. FIG. 11A shows the wavefonm of the voltage
provided at jupction Jf as measured with referencs to
junction Jc. (The voltage at Jx is substantially equal to the
voltage at J).

This waveform is substaniially equal to that of FIG. 3A.

FIG. 1IB shows the comresponding waveform of the
gate-to-source voltape (i.e. the control voltage) of FET2.

FIG. 11C shows the corresponding drain current flowing
through FEF2; which is the current drawn by the upper half
of the half-bridge inverter from the DC supply voltage (ie..
from the B+ bus). :

FIG. 11D shows the correspondisg current flowing
through fluorescent lamps F1.1 and FL2.

FIG. 11E shows the waveform of the voltage provided at
the output of the half-bridge inverter of FIG. % for a situation
where ballast output terminals BOTI/BOT2 are unloaded
except for siay (cx parasitic) capacilance associated with the
wiring extending between ballast output terminals BOT1/
BOT2 and lamp cathodes Cla and C2b.

The waveform of FIG. 11E is substantially equal to that
of FIG. 11A except for an increase in the duration of each
cycle period.

FIG. 11F shows the coresponding open circuit output
voltage present across baltast ontput terminals BOT1 and
BOT2.

FIG. 11G shows the waveform of the voltage provided at
the output of the half-bridge inverter of FIG. 9 for a simation
where: {i) slowdown capacitor SDC has been removed; and
(ii) ballast output terminals BOTYBOT2 are unloaded
except for stray (or parasitic) capacitance associated with the
wiring cxtending between ballast outpit terminals BOTL/
BOT2 and lamp cathodes Cla and C2b.

It is noted that the waveform of FIG. 11G is substantially
a irue squarewave as opposed lo the wrapezoidal (or trun-
cated sinusoidal) waveformes of FIGS. 11A and 11E.

FIG. 11H shows the waveform of the comesponding
voltage present acress ballast output terminals BOT1 and
BOT2.

The basic inverter part of FIG. 9 operates much like the
inverter part of FIG. 2, except that the switching transistors
are field effect transistors instead of bi-polar transistors.

The loading of the inverter. however, is different. In the
circuit of FIG. 9, the inverter’s output voltage is applied to
the primary winding of a leakage transformer (LT); and the
output is’ drawn from 2 primary winding of this leakage
trapsformer. In this copnection. it is important to notice that
a feakage trapsformer is a transformer wherein there is
substantial leakage of magnetic flux berween the primary
winding and the secondary winding; which is to say that a
substantial part of the flux generated by the transformer’s
primary winding does not link with the ransformer’s sec-
ondary winding.

The flux fealkage aspect of transformer LT is illnstrated by
the structure of FIG. 18. Magnetic flux genegated by (and
emanating from) primary winding PW passes readily
through the high-permeability ferrite of ferrite care FC1.
However. as long as sccopdary winding SW is connected
with a load at its output (apd/or if there is an air gap. as
indeed there js), the fix emanating from the primary wind-
ing has 10 overcome magnetic impedance to flow through
the secondary winding: which implics the development of a
magnetic potential difference between the legs of the long
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E-~cores—especially berween the legs of ferrite core FC1. In
turn, this magnetic potential difference causes some of the
magnetic flux generated by the primary winding to fow
direetly berween the legs of the E-cores (i.e. directly across
the air gap between the Iegs of the E-cores), thereby not
linking with {i.e. flowing through) the secondary winding.
Thus. the longer the legs of the E-cores andfor the larger the
ait gap. the less of the Aux generated by the primary winding
links with the secondary winding—and conversely. As a
result. the magnitede of the cwrrent available from the
secondary winding is limited by an equivalent internal
inductance.

Due to the substantial air gap (AG). the primary winding
of leakage transformer LT is capable of storing a substantial
amount of inductive energy (just as is the case with inductor
51 of FIG. 2). Stated differently but equivalently. leakage
transformer LT has an equivalent input-shunt inductance
(existing across the input terminals of its primary or input
winding) capable of storing a substanlial amount of energy.
It also has an eguivalent output-series induciance
(effectively existing in series with the ouipirt terminals of its
secondary or output winding) operative to limit the magni-
tude of the current available from its output. E is important
to recognize that the input-shunt inductance is an entity quite
separate and apart from the cutput-series inductance.

Tust as in the circuit of FIG. 2. when one of the transistors
is switched OFF. the current flowing through primary wind-
ing PW can not instantancously stop flowing. Instcad, it
must continue to flow until the energy stored in the input-
shunt inductance is dissipated and/or discharged. In particu-
lar and by way of example. at the moment FET2 is switched
OFF. current flows through primary winding PW., entering at
the terminal connected with junction Jx and exiting at the
terminal connected with junction Je. Just after the point in
time where FET2 is switched OFF. this current will continue
to flow. but—since it can not any lomger flow through
wansistor FET2—it must now fiow thromgh slow-down
capacitor SDC. Thus. the current drawn out of capacitor
SDC will cause this capacitor to change its volitage: gradu-
ally causing it to decrease from a magnitude of about +160
Volt (which is the magnitude of the DT supply voltage
present at the B+ bus as referenced-to junction Jc) to about
—160 Volt (which is the magnitude of the D{C supply voltage
present at the B— bus as referended-to junction Jc). OF
course. as 5001 as it reaches about =160 Volt. it gets clamped
by the commutating (or shunting. or clamping) diode built-
into FET1; which built-in diode corresponds to shunting
diode 67 of the FIG. 2 circuit.

The resulting waveform of the inverter’'s output voltage
will be as iHustrated by FIGS. 11A and 11E. The slape of the
inverter owtput voltage as it alternatingly chamges between
—160 Volt and +160 Volt is determined by two principal
factors: (1) the value of the inpui-shumt inductance of pri-
mary winding PW; and (ii) the magnitude of slow-down
capacitor SDC. The lower the capacitance of the slow-down
capacitor, the steeper the slope. The lower the inductance of
the input-shunt inductance, the steeper the slope. Without
any slow-down capacitor. the slope will be very steep:
limiled entirely by the basic switching speed of the invert-
er’s transistors; which. for field effect iransistors is particu-
larly high (i.e. fast).

In particular. in the circuit of FIG. 9. the relatively modest
up- and down- slopes of the inverter's output voltage (sez
waveforms of FIGS. 1A and 11E)}—which are determined
by the capacitance of the slow-down capacitor—are chosen
to be far lower than the very steep slopes that resuit when the
slow-down capacitor is removed; which latter situation is
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illustraied by FIG. 11G. In fact. the slopes of the inverter's
output voltage are chosen i such manner as to resull in this
output voliage haviag a particulariy low content of harmonic
components. thereby minimizing potential problems associ-
ated with upwanted resonances of the output-series induc-
tance with parasitic capacitances apt to be connected with
ballast output temminals BOT1I/BOT2 by way of more-ar-
less ordirary wiring harness means used for connecting
between these outpit terminals and the associated fluores-
cent Jamps (FLY and FL2).

‘With the prefemed capacitance value of slow-down
capacitor SDC, the inverter omtput voltage waveform will be
as shown in FIGS. 11E. and the output voltage rrovided
from secondary winding SW-—under a condition of no load
other than that resulting from a parasitic resonance involving
a worst-value of parasitic output capacitance—will be as
shown in FIG. 11F.

On the other hand, without having any slow-down
capacitor, the inverier output voltage waveform will be as
shown in FIG. 11G, and the output voltage provided from
secondary winding SW—under a condition of no load other
than that resulting from a parasitic resonance involving a
worst-value of parasitic output capacitance—will be as
shown in FIG. 11H. Under this condition, (he power drawn
by the inverter from its DC sopply is more than 50 Watt;
which power drain result from power dissipations within the
inverter circuit and—if permitted to occur for more than a
very short period—will catse the inverter to self-destruct.

Ou the other hand, the power drawn by the inverter under
the same identical condition except for having modified the
shape of the jnverter’s output voltage to be like that of FIG.
11E (instead of teing like that of FIG. 11G) is only about 3
Watt; which amount of power drain is small enough not to
pose any problem with respect to inverter self-destruction.
por even with respect 1o excessive power usage during
extended periods where the inverter ballast is connected
with its power source but without actially powering its
fluorescent lamp load.

One difference between the circuit of FIG. 2 and that of
FIG. 9 involves that fact that the FIG. 9 circtit uses field
effect transistors. Never-the-less. the control of each tran-
sistor is effected by way of satwrable current feedback
transformers. However, instead of delivering its outpnt cur-
rent to a base-emitter junction. each ¢irrent transformer now
delivers its output cumrent to a pair of series-connected
opposed-polarity Zener diodes (as parallcl-connected with a
damping resistor and the gate-source input capacitance). The
resulting difference in each transistor’s control voltage is
seen by comparing the waveform of FIG. 3B with that of
FIG. 11B. In either case, however, the transistor is mot
switched into its ON-state until after the absolute magnitude
of the voltage across its switched terminals (ie. the source-
drain termipals for a FET) has substantially diminished io
ZETO,

In further contrast with the arrangement of FIG. 2. the
inverter circuit of FIG. % is not Ioaded by way of a series-
tuned L-C circuit Instead, it is in fact loaded with a
parallel-taned 1.-C circuit; which parailel-uned L-C circuit
consists of the slow-down capaciter SDC as parallel-
connected with the imput-shont inductance of primary wind-
ing FW. Yet. in complete contrast with other inverters loaded
with parallel-tuged L-C circuits. the inverter of FIG. % is
powered from a voltage source psoviding a substantially
fixed-magnitmde (i.e. pon-varying) DC voltage.

Also in complete contrast with other inverters loaded with
parallel-tuned L-C circuits, the inverter circuit of FIG. 9
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povides for clamping (or clipping or truncating) of the
namrally sinuseidal resonance voltage that would otherwise
(i.e. in the absence of clamping) develop across the parallel-
tuned L-C circuit; which paturally sinusoida! resonance
voltage is illustrated by the dashed waveform of FIG. IE.

In the FIG. 9 circuit. the indicated voltage clamping (o
clipping or truncating) is accomplished by way of the
commutating {or shunting) diodes built into each of the field
effect switching transistors. In the FIG. 2 circuit. this clamp-
ing is accomplished by shunting diodes 66 and 67.

As previously indicated, to minimize the spurious and
potentially damaging resonances which might occur due to
an unknown parasitic capacitance becoming connected with
ballast output terminals BOT1 and BOT2. it is important to
minimize the harmonic content of the imverter's output
voltage (which harmonic content—for a symmetrical
inverter waveform—consists of all the odd harmonics in
proportionally dininishing magnitudes). To attain such har-
monic minimization, it is important that the inverter's cutput
voltage be made to maich or fit as nearly as possible the
waveform of a sinusoidal voltage; which “best fit™ occurs
when the doration of the np/down-slopes equals about 23%
of the total cycle period; which. as can readily be seen by
direct visnal inspection. comesponds closely to the wave-
forms actually depicted by FIGS. 3A. I1A and 11E.

However. substantial bepeficial effects actually results
even if the total duration of the up/down slopes were fo be
less than 25% of the total diration of the inverter owipui
voltage period. In fact, substantial beneficial effects are
attained with up-down slopes constinisting as liette as 10% of
the total cycie period.

Additicnal Explanations and Comments

(a) With reference to FIGS. 2 and 5. adjustment of the
amount of power supplied fo load 26'. and thereby the
amount of light provided by lamp 71, may be accomplished
by applying a voltage of adjusiable magnitude to input
terminals IP1 and IP2 of the Toroid Healer; which is
thermally coupled with the toroidal ferrite cores of samrable
transformers 47, 49.

(b) With commonly available components. inverter circuif
24 of FIG. 2 can be roade to operate efficiently at any

frequency between a few kHz to perhaps as high as 50 kHz
" However. for various well-known reasons (ie., eliminating
audible noise. minimizing physical size. and maximizing
efficiency). the frequency actually chosen is in the range of
20 1o 40 kHz.

{c) The fluorescent lighting unit of FIG. 1 conid be made
in such manner as to permit fluorescent lamp 11 to be
disconnectable from its hase 12 and ballasting means 16.
However, if powered with nomnal line volitage without its
Jamp load connected. frequency-converting power supply
and ballasting circuit 16 is apt to self-destruct.

To avoid such self-destruction. arrangements can readily
be made whereby the very act of removing the load auto-
matically establishes a sitnation that prevents the possible
destruction of the power supply and ballasting means. For
instance, with the tank capacitor (52) being permanently
connected with the lamp load (11)}—thereby autornalically
being removed whenever the lamp is removed—the inverter
circuit js protected from self-destruction.

{d) At frequencies above a few kHz. the load represented
by a fluorescent lamp—-once it is ignited—is subsiantially
resistive. Thus, with the voitage across lamp 11 being of a
substantially sinusoidal waveform (as indicated in FIG. 3d).
the cucrent through the lamp will also be substantially
sinusoidal in waveshape.
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{e) In the fluorescant lamp unit of FIG. 1. fluorescent lamp
1% is connected with power supply and ballasting circuit 16
in the exact same manner as is }oad 26 connected with the
circnit of FIG. 2. That is. it is connected in parallel with the
tank capacitor {52} of the L-C series-resopant circuit. As is
conventional in instant-start flworescent lamps—such as
lamp 11 of FIG. 1—the two terinals from each cathode are
shorted together, thereby to constitute a situation where each
cathode effectively is represented by only a single terminal.
However. it is not necessary that the two terminals from each
cathode be shorted together: in which case—for instant-start
operation—connection ffom a lamp’s power supply and
ballasting means need onty be made with one of the termi-
nals of each cathode.

{f) In FIG. 9. a Parasitic Capacitance is shown as being
connected across terminals BOT1 and BOT2. The value of
this parasitic capacitance may vary over a wide range,
depending on unpredictable details of the particular usage
situation at hand. Values for the parasitic capacitance will
expectedly vary between 100 and 1000 pico-Farad—
depending on the nature of the wiring harness used for
connecting between the cutpat of secondary winding 8W
and the pluml terminals of lamps FLL/FL2.

(g) The worst case of parasitic oscillation associated with
the circuit arangement of FIG. 9 is apt to ocour whea the
value of the parasitic capacitance (i.e.. the capacitance of the
ballast-to-lamp wiring hamess) is such as to cause series-
fesonance with the outpat-series inductance of secondary
winding SW at the third hammoric component of the invert-
er’s output voltage. The next worst case of parasitic oscil-
lation is apt to occur when the value of the parasitic
capacitance is such as to series-resonate with the output-
series inductance at the fifth harmonic component of the
invertex’s output voltage, With' the typical value of 54
milli-Henry for the outpnt-series inductance. it takes a total
of about 600 pico-Farad to resonate at the third harmonic
component of the inverter’s 30 kHz output voltage; and it
takes about 220 pico-Farad to resonate at the fifth harmonic
component of the imverter’s output voltage. These capaci-
tance values are indeed of such magnitndes that they may be
encountered in an actual vsage situation of an ‘electronic
ballast. Moreover, at higher inverter frequencies, the mag-
nitudes of the critical capacitance values become even lower.

(h) FIG. 10 shows cathode heater windings CHW placed
on a bobbin separate from that of primary winding PW as
well a5 sepayate from that of secomdary winding SW.
However, In many situations. it would be better to place the
cathode heater windings direcily onto the primary winding
bobbin B1. In other situations it would be better to place the
cathode heater windings directly onto the secondary winding
bebbin B2

If the cathode heater windings are wound on bobbin B1
(ie. in dght coupling with the primary winding). the mag-
nitude of the cathode heating voltage will remain constant
regardless of whether or not the lamp is ignited; which effect
is conducive to maximixing lamp life. On the other hand, i
the cathode heater windings are wound on bobbin B2 (i.e. in
tight coupling with the secondary winding). the magnitude
of the cathode heating voltage will be high prior to lamp
ignition and low after lamp ignition; which effect is condn-
cive to high luminons efficacy.

By placing the cathode heater windings in a location
between primary winding FW and secondary winding SW.
it is possible to attain an optimization effect: a maximization
of luminons efficacy combined with only a rodest sacrifice
in lamp life. That is. by adjusting the position of bobbin B3,
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a corresponding adjustment of the ratio of pre-ignition to
post-ignition cathode heater voltage magnitude may be
accomplished.

(i) For easier lamp starting. a starting aid capacitor may be
used in shunt across one of the fluorescent lamps FL1/FL2.

Also, a starting aid electode (or ground plane)} may
advantageously be placed adjacent the fluorescent lamps;
which starting aid electrode should be electrically connected
with the secondary winding. such as via a capacitor of low
capacitance value.

(j} To control (reduce) the degree of magnetic coupling
between primary winding PW and secondary winding SW.
a magnpetic shunt may be positioned actoss the legs of the
E-cores—in a position between bobbins B1 and B3.

(k) Considering the waveforms of FIGS. 1A, 11A and 11E
each to include 360 degrees for each full and complete cycle:
(i) each half-cycle would include 180 degrees; (i) €ach total
up-slope would include almost or about 60 degrees degrees;
(iii) each total down-slope would include almost or about 60
degrees; and {iv) each horizoatal segment would include
about 120 degrees or more. Yet, as previously indicated.
substantial utility may be atizined even if each complete
up-slope and down-slope were to include as little 13 degrees.

() In the FIG. 9 circuit. the inverter's operating frequency
is not ordinarily (or necessarily) equal to the natural reso-
nance frequency of the parallel-tuned L-C circuit that con-
sists of slow-down capaciior SDC and the igput-shunt
inductance of primary winding PW. Rather, the inverter’s
actual operating frequency is ordinarity iower than would be
this natural resonance freqoeacy.

{m) In a rapezoidal waveform that constitutes a best fit
for a sinusoidal waveform. the peak magnitade is lower than
that of the sinusoidal waveform. and the up-slope and
down-slope are cach steeper that the comesponding slopes of
the sinnsoidal waveform.

(0) The FIG. 9 inverter arangement has to be triggered
into self-oscillation. A suitable automatic riggering means
would include a resistor. a capacitor. and a so-called Diac.
However. mapual wiggering tmay be accomplished by
merely momentarily connecting a discharged capacitor (of
relatively small capacitance value) berween the gate of
transistor FET1 and the B+ bus.

(o) Most switching-type field effect transistors have built-
in commutating (or shunting} diodes, as indicated in FIG. 9.
However. if such were not to be the case. such dicdes shonld
be added cxternally. as indicated in the FIG. 2 circuil.

(p} In ardipary inverter circuits, the inverter cutput volt-
age is effectively a squarewave voltage with very steep
up-slopes and down-slopes. In inverters using field effect
transistors. the time required for the inverter’s squarewave
output voltage to change between its extreme negative
potential to its extreme positive potential is usnally on the
order of 100 nano-seconds or less. In inverters using bi-polar
transisters. this time is usuaily on the order of 500 mano-
seconds or less. In the inverter of the FIG. 9 circuit, however,
this time has been extended—by way of the large-
capacitance-value slow-down capacitor SDC—to be on the
order of several micro-seconds. thereby achieving a sub-
stantial reduction of the magnimdes of the harmonic com-
poneats of the inverter's (row trapezoidal) output voltage.

(@) In an actual prototype of the FIG. 9 ballast circuit—
which prototype was designed to properly power two 48
inch 40 Watt T-12 fluorescent lamps—the following
approximate parameters and operating results prevailed:

1. operating frequency: about 30 kHz;
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2. slow-down capacitor: 0.02 micro-Farad,

3, shunt-input inductance: 1.4 milli-Henry;

4, np-slope duration: about 4 micro~seconds;

5. down-slope duration: about 4 micro-seconds;

6. series-output inductance: 5.4 milti-Henry;

7. parasitic capacitance across BOTI/BOT2 terminals;
800 pico-Farad;

8. power consumption when unloaded: sbout 4 Watt:

9. power consumption when loaded with two F4(Q/T12
fluorescent lamps: about 70 Watt;

10. power consumption when unloaded but with slow-
down capacitor removed: about 80 Wait.

1t is be noted that the nairal resonance frequency of the
L-C circuit copsisting of a slow-down capacitor of 0.02
micro-Farad as parallel-combined with a shunt-input induc-
tance of about !.4 milli-Henry is about 30 kHz This means
that—as far as the fundamental component of the 30 kHz
inverter output voltage is concerned—the parallel-tuned L-C
circuit represents a very high impedance. thereby constitut-
ing no substantive loading on the inverter’s outpul.

(r) Of course, the FIG. 9 ballast circuit can be made in the
form of a push-pull circuit such as illustrated by FIG. 7; in
which case center-tapped transformer 96 would be modified
in the sense of being made as a leakage transformer in fall
concspondence with leakage transformer LT of FIG. 9.
Also, of course, inductor 119. capacitor 118. and Joad 121
woulid be removed. Instead. the load would be placed at the
output of the sscondary winding of the modified center-
wapped transfornmer 96; which would be made such asto have
appropriate values of input-shunt inductance and output-
series inductance. Capacitor 117 would constitute the slow-
down capacitor. )

(s) It is thought that the present invention and many of its
attendant advantages will be understioed from the foregoing
description and that many chanpes may be made in the form
and construction of its components paris. the form described
being merely a preferred embodiment of the invention.

I claim:

1. An arrangement comprising:

a pair of power line terminals at which is provided a

power line voltage;

rectification and filtering circuitty conpected with the
power line terminals and operative to provide a DC
supply voltage at a set of DC terminals; the- absolute
magnitede of the DC supply voltage being substantially
constant; and

inverter and load circuitry connected with the DC termi-
nals and operative to provide an AC voltage at a pair of
AC ferminals with which is connected a gas discharge
lamp; thereby to cavse an alternating lamp current to
fiow through the lamp; the aiternating lamp cumrent
having & peak magnitude and an RMS magnitude; the
AC voltage being of a frequency substantially higher
than that of the power linc voltage on an ordinary
clectric wtility power line; the inverter and load cir-
cuitry being additionally characterized by cavsing the
peak magnimde of the alternating lamp current to be
distinctly lower than twice its RMS magpitude.

2. The arrangement of claim I wherein the absolute
magnitude of the DC voltage is about twice as high as the
peak absolute magnitade of the power line voltage.

3. The arrangement of claim 1 wherein:

(a) the gas discharge lamp (i) at certain times draws a
lamp current from the AC terminals. (ii) at certain other
times. such as if disconmected or otherwise non-
functicnal, draws no lamp corrent; and
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(b) the inverter and load circuitry is characterized by the
fact that the frequency of the AC voltage is substan-
tively higher during said certain other times as com-
pared with during said certain times.

4. A ballasting arangement for a gas discharpe lamp.
Comprising:

a source providing a DC supply voltage at a set of DC

terminals; apd

an inverter circuit assembly connected with the DC ter-

minals and operative to provide an inverter output
curent from a pair of inverter output terminals; the
inverter ouktput cuarent being an alternating current of
frequency substantially higher than that of the power
tine voltage on an ordinary clectric utility power line;
the inverter circuit assembly also including a pair of
lamp output terminals adapted to connect with and to
supply a lamp cuorrent to a gas discharge lamp; the
inverter circuit assembly being otherwise characterized
by having: (i} ap inductor means connected between
one of the inverter output terminals and one of the lamp
output termipals, the indoctor means having a
frequency-dependent impedance in the sense that its
impedance inereases with increasing frequency of any
current flowing through it; (i) a frequency control
sub-assembly operative. on receipt of a conirol acticn
at a control action input. to control the frequency and
thereby the magnitude of the inverter output current;
and (iil) an action-generating element-operative, in
response to at least a part of the inverter ouiput current.
to provide a conirol action at a comtrol action output;
the control action output being conpected in commu-
nication with the control action input. thereby to supply
thereto said control action, thereby to cause the fre-
quency of the inverter oufput curreat to change in
response to the magnitude of the imverter output
current. thereby to cause the magnitude of the inverter
output cusrent to be different from what it would have
been in the absence of providing the control action to
the frequency control sub-assembly.

5. The ballasting arrangement of claim 4 wherein. by
providing said control action to the frequency cornirol sub-
assembly, the magnitude of said part of the inverter output
current is lower than it would have been in the absence of
providing the control action to the frequency control sub-
assembly.

6. The ballasting arrangement of claim 4 wherein the
provision of said control action to the frequency control
sub-asembly constitutes negative feedback in the sense that,
if the magnitude of said part of the inverter output current
were to change due to a change in the characteristics of a
circoit element conoected within the inverter circuit
aysernbly, such a change in magnitude will be less becanse
of the provision of said control action to the frequency
conirol sub-assembly than it would have been without the
provision of said control action to the frequency control
sub-assembly.

7. The ballasting arrangement of claim 4 wherein, if the
characteristics of a circuit elembent connected within the
inverter circuit assembly were to be altered. such as by
altering the inductance of the inductor means, the magnitude
of said part of the inverter output current would change by
4 certain amount; which certain amount will be less when
acially providing said control action to the frequency
conirol sub-assembly than wher not providing said control
action to the frequency control sub-assembly.

8. An arrangement comprising:

a sottrce providing a DC supply voltage at a sei of DC

lerminals;
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an inverter circuit connected with the DC terminals and
operal.we to provide an AC inverter output voltage at a
pair of inverter ouiput terminals; the AC inverter output
voltage being of frequency substantially higher than
that of the power line voliage on an ordinary slectric
utility power line: the inverter circuit having a
frequency-controlling sub-assembly having a conwol
action input operative. on receipt of a control action
signal. to control the frequency of the AC inverter
output voltage;

an oulput circuit connected between the inverter output
terminals and a pair of lamp current culput terminals;
the cutput circuit being characterized by including: (i)
a frequency-dependent impedance elemment. such as an
inductor; and {ii) a an action-signal-generating clement
having a control action output connected in cormmuni-
cation with said control action input and operative to
provide said control action signal in response to a
current flowing in the output circuit. thereby to affect
the frequency of the AC inverter ontput voltage and.
therefore. the magpitude of said cument: whereby the
magnitude of said current is different from what it
would have been if said contro] action signat had not
been provided to the control action input; and

a gas discharge lamp connected with the lamp current
output terminals,

9. The arrangement of claim 8 wherein the action-signal-

generating element is operative to provide said control
action signal to the control action input in such a manner that

"any change in the magnitude of said current that might occur

due to a reason other than the provision of the control action
signal itself will be reduced as a result of providing the
control action signal.
10. A ballasting arrangement for a gas discharge famp.
comprising:
a source providing a2 DC supply voltage at a set of DC
termminals; and
an assembly of components connected with the DC ter-
minals and operative to provide an AC voltage at a pair
of first terminals; the assembly being characterized by
including various elecirical components in addition to
outpi circuitry having an actiop-generating element
operative to provide a control action at a control action
ouiput in response to a cumrent Aowing in a certain
conductor included as part of the output circuitry; the
AC valtage being of frequency substantially higher
than that of the power line voltage on an wrdinary
electric utility power line; the assembly also including
a pair of second terminals connected with the first
terminals by way of the output circuitry; the second
terminals being adapted to connect with and to supply
lamp current to a gas discharge lamp; the asscmbly
being otherwise characterized by: (a) including an
inductor as part of the output circuitry; (&) having a
coptrol sub-assembly operative. on receipt of a coatrol
action at a control action input. to control the frequency
of the AC voltage, the control action input being
functionally connected with the control action ontput;
and (c) cansing a current to Aow through the certain
conducior; thereby: (i) to cause said conirol action to be
supplied from the control action output to the control
action input, (if) to cause the frequency of the AC
voltage to be controlled in response to the cumrent
flowing through the certain conductor, and (jii) to cause
the magnitude of this current to be different from what
it would have been in the absence of providing the
confrol action to the control action input.
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11. The ballasting arrangement of claim 19 wherein the
action-generating element is functional to provide the con-
trol action to the conirel action input in such a manner that
any change in the magpitude of the cument flowing in said
conductor which might occur due to a reason other than the
provision of the contro] action cutput itself will be reduced
as a result of actually providing the control action.

12. An apangement CoOmprising:

a source providing a DC supply voltage at a set of DC

terminals;

an inverter circuit assembly connected with the DC ter-

minals and operative to provide an AC inverter voltage
at a pair of AC inverter icrminals; the AC invester
voltage being of a frequency substantially higher than
that of the power line voltage on an ordinary clectric
utility power line; the inverter circuif assembly being
characterized by inciuding a conirol subassembly
operative. on teceipt of a control action at a control
action inpit. to control the frequency of the AC inverter
voltage; and

load circuitry connected with the AC inverter terminals;

the load circuitry being characterized by: (a) including
a disconnectable gas discharge lamp; (b) including an
inductor; (c) including a conductor; {d) including an
action-generating clement congected in circuit with the
conductor and operative to provide a control action at
a control action cutput in respense to a current flowing
through the conductor; and (¢} having the control action
output connected in communication with the control
action input. thereby: (i) to provide the control action
such as ko cause: {i) the frequency of the AC inverler
voltage to be controlted in Tesponse to the magnitude of
the curent flowing through the conductor, and (i) the
magnitude of this curreat to be different from what it
would have been in the absence of providing the
control action to the control action input.

13. The arrangement of daim 12 wherein the effect of
providing the conirol action is that of causing the frequency
of the AC inverter voltage to increase as compared with &
situation where the control action is absent.

14. The arrangement of claim 12 wherein the AC output
voltage is characterized by having a waveform consisting of:

" (i) a first time-segment during which the instaptaneous
magnitude of the AC inverter voltage remains at a substan-
tially constant negative level; (if) a second time-segment
during which the instantaneous magnitude of the AC
inverter voltage increases in a substantiatly continuous man-
per; (ifi) a third time-segment during which the instanta-
neous magpitide of the AC inverter voltage remains at a
substantially constant positive level; and (iv) a fourth time-
scgment during which the instantaneous magnimde of the
AC inverter voltage decreases in a substantially continuous
nanner.

15. Ap arangement comprising:

a source providing a DC supply voltage at a set of DC

termninals; and

inverter and load circuitry connected with the DC termi-

nals and operative to provide an AC voltage at a pair of
AC terminals; the AC voltage being of a frequency
substaptially higher than that of the power linc voltage
on an ordinary clectric utility power line; the inverter
and load circuitty being characterized by including (i)
an inductor, (ii) a capacitor, (iii) a gas discharge lamp.
and (iv) an intermittently conducting transistor; the AC
voltage being characterized by baving a waveform
consisting of: (i) a first time-segment during which the
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instantanecons magnitnde of the AC voltage remains at
a substantially constant negative level. {if) a second
timie-segment doring which the instantaneous magni-
tude of the AC voltage increases in 2 substantially
continuons manner. fiii) a third time-segment during
which the instantaneous magnitude of the AC voltage
remains at a substantially constant positive level. and
(iv) a fourth lime-segment during which the instanta-
neous magnitwde of the AC voltage decreases in a
substantially continuous manner; the inverter and load
circuitry being further characterized in that substan-
tially no curreat flows through the transistor duting the
second and fourth Hme-segments.

16. Ap arrangement comprising:

a source providing a PC supply voltage at a set of DC

terminals; and

inverter and load cizonitry connected with the DC termi-

nals and operative to provide an AC voltage at a pair of
AC terminals with which is connected a pas discharge
lamp; the AC voitage being of a frequency substantially
higher than that of the power line voltage om an
ordinary electric ubility power line; the gas discharge
lamp being characterized by drawing a lamp current
from the AC terminals at certain times and not at other
times; the inverter and load circoitry being character-
ized in that the frequency of the AC voltage is different
during the times whea lamp crrent is being drawn as
compared with times when lamp current is not being
drawn.

17. The arrangement of claim 16 wherein the frequency of
the AC voltage is lower during the times when lamp curent
is being drawn as compared with the times when lamp
cument is not being drawn,

18. The arrangement of claim 1 wherein the inverter and
load circuitry is also characterized by including an L-C
circuit electrically connected with the AC termipals and
having a natural resonance frequency at or near the funda-
mental frequency of the AC voltage.

19. The arrapgement of claim 1 wherein the inverter and
load circuitry is also characterized by including a trapsistor
having a pair of transistor terminals across which exists a
transistor voltage and between which periodically flows a
transistor current; the transistor current flowing only during
periods when the absolute magnitude of the transistor volt-
age is substantially lower than that of the DC supply voltage.

20, The arrangement of claim 19 further defined in that
cumrent flows between the transistor terminals only during
periods when the absolute magnitude of the transistor volt-
age is sroaller than that of the DC supply veltage by a factor
of ten or more. ) ’

21. The arrangement of claim 1 wherein the inverter and
load circuitry is also characterized by Including a certain
terminal at which, as referenced to one of the DC terminals.
exists a substanlially sinusoidal veltage of frequency equal
to that of the AC voltage.

22 The arrangement of claim 21 further defined by: (i)
including 2 periodially conducting transistor having a fran-
sistor terminal; and (i) having a conductive path between
the ransistor terminal and said certain terminal. the chmic
resistance of which copduective path being of negligible
magnitade.

23. The arangement of claim 1 wherein the inverter and
load cireuitry is also characterized by including a transistor
having a pair of transistor terminals between which periodi-
cally flows a transistor current. which periodic transistor
current has a pericd equal to that of the AC voliage and, for
each complete cycle of the AC veltage. flows for a total time
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duration that is distinctly shorter than 50% of the total
duration of said complete cycle.

24, The arrangement of claim 1 wherein the inverter and
load circuitry is also characterized by including a transistor
having a pair of transistor terminals across which exists a
periodic transistor voltage and between which flows a tran-
sistor current in the form of periodic enidirectional curent
pulses; the duration of each unidirectional current pulse
being distinctly shorter than half the dvration of a cormplete
cycle of the AC voltage.

25. The arrangement of claim 1 wherein the inverter and
load circuitry is further defined in that the frequency of the
AC voltage is distinctly higher just prior to lanp ignition
thae it s after the lamp has ignited.

26. The arrangement of claim 1 wherein the inverter and
load circuitry is further defined in that the frequency of the
AC voltage would increase if the gas discharge lamp were
1o be disconnected.

27. The arrangement of claim 1 wherein the inverter and
foad eircuitry is also characterized by including: (i) a tran-
sistor having & pair of transistor texminals; (if) a first and 2
second conductor between which exists an alternating volt-

¢

15

20

22
age of substantially sinusoidal waveform and with frequency
equal to that of the AC voltage. the first conductor being
characterized by having an AC potential substantially equoal
to that of one of the DC terminals, thz second conductor
being characterized by having a DC potential equal to one of
the transistor terminals.

28 The arrangement of claim 27 yet additionally charac-
terized by having a capacitor connected between said one of
the transistor terminals and a termination pojnt having an
AC poteniial substantially equal to that of one of the DC
terminals.

29. The amangement of claim 1 wherein the inverter and
load circuitry is also characterized by including: (i) a tran-
sistor having a transistor lerminal; (ji) a first and a second
conducior between which exists a substantially sirusoidal
voltage of frequency equal to that of the AC voltage, the first
conductor being characterized by having an AC potential
substantially equal to that of one of the DC terminals. the
second conductor being characterized by having a DC
potential equal to the teansistor terminal.

* % o % X
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[57] ABSTRACT

Unfiltered full-wave-rectified 60 Hz power line voltage is
supplied to a first self-oscillating series-resonance-loaded
inverter, the high frequency oumtpul curreat from which is
magpitunde-coptolled, rectified and used for maintaining a
substantially constani-magnitude DC vollage on an energy-
storing capacitor. This constant-magnitude DC voltage is
used in combination with the nnfiliered full-wave-rectified
60 Hz power lin¢ voltage for powering a second self-
oscillating series-resonance-loaded inverter, the high fre-
quency current culput from which is used for powering a
fluorescent lamp load. By frequency-modulating the first
mverter at a 120 Hz rate, the current drawn from the power
line s made to be of such waveshape as to resull in a power
factor well in excess of 90% while at the same time having
a content of under 20% of odd trplets of third harmonic
currents. The high frequency current provided o the fuo-
rescent lamp load has a crest factor pot in excess of 1.7.

20 Claims, 5 Drawing Sheets
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CONTROLLED INVERTER-TYPE
FLUORESCENT LAMP BALLAST

RELATED APPLICATIONS

Instant application is a Continuation-in-Fart of Ser. No.
07/712,454 filed Jun. 10, 1991, now abandoned.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present mvenlion relates lo power-line-operated
inverter-type power supplies for gas discharge lamps, espe-
cially of a iype drawing power from the power line with a
high power factor and with only a small amount of third
harmonic current components.

2. Description of Prior Art

To provide a substantially constant-magnitude high fre-
quency outpul currenl, an ioverfer-iype ballast for a gas
discharge lamp normally requires o be supplied with a
nearly constant-magnitude DC voltage; and, when powered
from a DC voltage obtained by straight-forward rectification
and filtering of ordinary 60 Hz power line voltage, such a
power supply draws current from the power line with a
rather poor power factor.

Power factor correction is sometimes provided; bul the
associated power facior correction circmitry ordinarily
involves lhe vse of rather costly, bulky and energy-robbing
60 or 120 Hz inductors.

In particular, powcr supplies for gas discharge lamps must
provide 1o such lamps an operaling current of fairly low crest
factor; yet, to be acceptable in most commercial
applications, such power supplies must draw power from the
power line wilh a high power factor as well as with a
minimum amount of third hammenic cumrent components.

SUMMARY OF THE INVENTION

Objects of the Invention

Abasic object of the present invention is that of providing
for a cost-¢ffective inverter-type power supply means for gas
discharge lamps.

A more specific object 1s a power-lme-operated inverter-
type power supply operable to provide 10 a gas discharge
lamp 2 high frequency current of relatively low crest factor,
yet drawing power from the power line with a relatively high
power factor and low comtent of third harmonic current
componenis.

Another object 15 an electronic fluorescent lamp baliast
operable lo power iis lamp load with a current of low crest
[actor, yel to draw curren! from the power line at a high
power factor and with mimmal third harmonic contenl.

These as well as other objecis, features and advantages of
the present invention will become apparent from the fol-
lowing description and claims.

BRIEF DESCRIPTION

Unfillered full-wave-rectified 60 Hz power line voliage is
supplied lo 2 first self-oscillating series-resonance-loaded
inverter, the high frequency output current from which is
magnitude-controlled, rectified and used for mamtaining a
substantially constant-magnitude DC voltage on an coergy-
storing capacitor. This copstant-magnitude DC voltage is
used in combination with the unfiltered full-wave-rectified
60 Hz power line voliage for powering a second self-
oscillating series-resonance-loaded inverier, the high fre-

10

15

35

2

quency currenl output from whick is used for powering a
fluorescent lamp load.

By [requency-modulaling the frst inverter at a 120 Hz
rate, the current deawn from the power line is made to be of
such waveshape as to resuli in a powsr factor well in excess
of 90% while at the same lime having a conienl of undex
20% of odd triplets of third harmonic currents. The high
frequency current provided io the fluorescent lamp load has
a cresl faclor nol in excess of 1.7.

Each of the two nveriers is loaded by way of a series-
tuned high-Q LC circuit connected across its output. In case
of the first inverter, the energy-storing capacilor is charped
with enidirectional current derived from across ihe tank-
capacitor of its tuncd LC circuit. In case of the second
inverter, 2 pair of fluorescent lamps is series—connecled
across the tank-capacitor of its tuned LC circuit.

Each inverter has two bipolar transistors, each driven by
ap associated salurable current transformer that provides [or
a transistor ON<time dependent on the maguitude of an
associated bias voltage.

Ogme of the tragsisiors of each inverter has a control
arrangement connecled in circuit with its associated safu-
rable transformer and operative 1o control the magnitude of
its associated bias vollage. As lhe maggritude of the bias
voltage is controlled, so are the inverier’s oscillating
frequency, the magnitude of the voltage across the tank-
capaciior, and the magpitude of the current available {rom
the inverter's output.

In case of the first inverter, the magnitude of its bias
voliage is automatically controlled such that the magnmiude
of the BC wvoltage developing across the emergy-storing
capacitor is maintained a1 a pre-defermined substantially
constanl level, while a1 the same lime providing for a
desirable waveshape of the curent drawn from the power
line.

In case of the second inverter, before the fluorescent
Tamps ignite, (he magmiude of the bias voltage is aviomati-
cally controlled such that the magnitmde of the high fre-
quency vollage present across ils associaled (ank-capacilot
is maintained at a substantially constant level of magniinde

. somewhat bigher than that of the operating voltage devel-

45

35
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oping across the lamps after they bave ignited. Then, after an
initial one second period of cathode heating, to cause the
lamps to ignite, the magnitude of the bias voltage is—for a
period of about 10 milli-seconds—controlled such as to
provide across the lank-capacilor a high frequency voltage
of magnitude high enongh to cause reliable lamp ignition.
After the lamps have ignited, the magnitude of ihe bias
voltage is conirolled such as 10 maintain a lJamp current of
fairly constaml magnitude.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1, in the form of an inverter-type power-Hne-
operated fuorescent lamp ballast, diagrammatically illus-
trates an inverter of the type used for the first and second
inverters.

FIG. 2 shows details of part of the control cirenitry used
in the ballast of FIG. 1.

FIG. 3 illustrates various voltage and cumrent waveforms
associaled with the operation of the ballast of FIG. 1.

FIG. 4 shows various power line current waveforms
having net zero current in (he nentral wire of a three phase
syslem.

FIG. 5 iHustrates a preferred embodiment of the present
invention, including the first and second inverters.
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FIG. 6 illusirates an alternative embodiment of the present
invention,

FIG. 7 illustrates some of the voltage and current wave-
forms associated wilh the embodiments of FIGS. 5 and 6.

DESCRIPTION OF THE PREFERRED
EMBODIMENT
Delails of Conslruction

In FIG. 1, a source S of ordinary 120 Volt/60 Hz power
line voltage is applied to power input terminals PITa and
PITb; which lerminals, ir turn, are connecled wilk a bridge
rectifier BR. The DC output from bridge rectifier BR is
applied to a DC+ terminal and a DC— terminal, with the DC+
terminal being of positive polarity. A high-frequency filter
capacitor HFFC is connected between the DC+ lerminal and
the DC- terminal. A first winding w1 of an EMI suppression
inductor SI is connected between the DC+ terminal and a B+
lerminal; and a second winding W2 of EMI suppression
inductor SI is connected between the DC— terminal and a B-
terrminal. The B+ and the B- ferminals are respectively
connecled with a B+ bus and a B— bus.

A filter capaciior FCa is connected between the B+ bus
and 2 juncition Jo; a filler capacitor FCb is connected
between junction Jc and the B- bus. A switching transistor
Qa is connected with its collector to the B+ bus and with its
emitler to a junction Jq; a swilching transistor Qb is con-
nected with its collector to junction Jq and with its emitter
to the B~ bus. A commuiating diede CDra is connected
between lhe B+ bus and junction Jq, with ils cailicde
connected with the B+ bus; a commutating diode CDb is
similarly connected between junction Jq and the B- bus.

A salurable current transformer SCTa has a secondary
winding SCTas connected between the base of transistor Qa
and a junction Ja; a satnrable current transformer SCTb has
a secondary winding SCTbs connected between (he base of
trapsistor Qb and a junction Jb. Saturable current transform-
ers SCTa and SCTb, respectively, have primary windings
SCTap and SCTbp; which primary windings are series-
connecled between junction Jq and a junciion Jx.

A resislor Ral is connected between the collector and the
base of transistor Qa; a resislor Rbl is connected between
the collector and the base of transistor Qb. A capacitor Ca is
coenected between junction Ja and the emitter of transisior
Qa; a capacitor Ch is connected between junction Jb and
emitter of transistor Qb. A diode Da is connected with iis
cathode fo jupction Ja and, by way of a Jeakage resistor Ra2,
with its anode 10 the emitter of transistor Qa. A shunt diode
SDa is connected between the base of transistor Qa and
junction Ja, with its anode connected with junction Ja. A
shunt diode SDb is similarly connected between the base of
trapsistor Qb and junction Jb.

An auxiliary transisior AQ1 is connected with ils emiller
to junction Jb and with its cellector to the B— bus by way of
an adjustable current-limiting resistor ACLR.

A tank-inducior L is connecled between junction Jx and a
junction Jy; and a tank-capacitor C is connecled between
junction Jy and a junction Jz. The primary winding of a
cathode transformer CT is connecied betwsen junctions Jz
and Je, as is also anm auxiliary capacitor AC. Cathode
transformer CT has three secondary cathode heater windings
collectively designated CHW.

A first power output terminal POT1 is connected with
juaction J¢; a second power ouwlput lerminal POT2 is con-
nected with junctior Jy. First and second fluorescent lamps
FL1 and FI2 are series-connected between power output
terminals POTT and POT2.

A voltage sampling capacitor VSC is connected belween
junction Jy and the cathode of a diode Del. The anode of

4

diode Dcl is compected with a bias bus BB, which is
connected with junclion Jb as well as with the emitter of
auxiliary transistor AQ1. The anode of a diode Dc2 is

~ connected with the cathode of diode Dcl; and the cathode of
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dicde P2 is connecled with the cathode of a Zener diode
ZD.

A second auxiliary transisior AQ2 is connected with its
emitter to bias bus BB and with its collector to the base of
auxiliary transistor AQI. A resislor Rcl 1s conoected
between the base and the emitier of auxtiary fransistor AQ2.
A resistor Re2 is connected between the base of auxiliary
transistor AQ2 and the anode of Zener diode ZDD.

A bistable resistor means BRM has a first terminal BT1
connecied with the cathode of Zener diode ZID and 2 second
terminal BT2 connected with the base of auxiliary transislor
AQL.

The elements connected together between the B+ and B~
terminals on (he one side and the POT1 and POT2 terminals
on Lhe other side is referred-to as main inverter ML

FIG. 2 illusirates derails of bistable resistor means BRM.

In FIG. 2, the emillers of first and second “bistable”
iransistors BQ1 and 13(Q2 are both connecied with 1terminal
BT2. The collector of transistor BQ1 15 comnected with
terminal BT1 by way of a resislor BR1; the collector of
transisior BO2 is connected with ierminal BT1 by way of a
resistor BR2. A resistor BR3 is connected between terminal
BTl and the base of transisior BQ2. A resistor BR4 is
serics-connected with a timing capacilor BTC to form a
sertes-combination; and ihis series<combigalion is con-
nected between the collector of transisior BQ1 and the base
of trapsistor BQ2. A resistor BRS is conpected between Lhe
collector ol trapsislor BQ2 and (ke base ol (ransistor BQ1.

FIG. 5 illustrates the preferred embodiment of the present
invention.

In FIG. 5, a source S of ordinary 120 Voli/60 Hz power

s line voltage is applied to power input terminals PITa and

PITb; which terminals, in turn, are connected with & bridge
rectifier BR. The DC outpul [rom bridge recliffer BR is
applied to a DC+ terminal and a DC- terminzl, with the DC+
terminal being of positive polarity. The DC+ terminal is
connected with a B'+ bus, and the DC— terminal 1s connected
with a B'- bus by way of a curren! sensing resistor CSR.

A resistor DR1 is connected between the DC+ lerminal
and a junction Jd; and a resistor DR2 is connected between
quoction Jd and the DIC— terminal.

An energy-storing capacilor ESC 1s connecled befween
the B'- bus and the anode of a commulaling rectifier CR1,
the cathode of which is connected with the B+ terminal of
main inverter M1. Another commuiating rectifier CR2 is
connecied between the B'+ bus and the B+ terminal, its
cathode being connccled with the B+ terminal. The B-
terminal of main inverier MI is conpected with the B'- bus.

Fluorescent lamps FL1 and FI12 are series-connected
across power outpul terminals POT1 and POT2 of main
inverter M.

A filter capacitor FC'a is connected between the B'+ bus
and a jumction Jc; a filter capacitor FC'b 1s connected
between juaction J'c and the B'- bus. A switching transistor
Q'a is connected with its collector to the B'+ bus and with its
emitter {0 a junction J'q; a swilching transistor Qb is
connected with its collector 1o junction Yq and with ils
emitter to the B'+ bus. A commutating diode CD'a is
connected between the B+ bus and junction Yq, with its
cathode conpected with the B™+ bus; a commutating diode
CI'b is similarly conmected between junction J'q and the B'—
bus.

A saturable current transformer SCT'a has a secondary
winding SCT'as connected beiween the base of transistor
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('a and a junction I'a; a saturable current transformer SCT'b
has a secondary winding SCT"bs connected between the base
of transistor Q'b and 2 junction J'b. Saturable current trans-
formers SCT'a and SCI'b, respectively, have primary wind-
ings SCTap and SCIbp; which primary windings are
series-connected between junclion J'q and a junction J'x.

A resistor R'al is connected between the collecior and the
base of transistor Q%; a resistor R'b1 is connected between
the collector and the base of transistor Qb. A capacitor C'a
is connected between junction Ja and the emitler of tran-
sistor ('a; a capacitor Cb is connecled between junction Jb
and emitter of transistor Q'b. A diode D'a is connected with
its cathode o junction Ja and, by way of a leakage resistor
R'a2, with its anode io the emitter of transistor Q'a. A shunt
diode SD'a is connected between the base of transistor (F'a
and junction J'a, with its arode connecled with junclion T'a.
A shunt dicde SD'b is similarly connected between the base
of transistor Q'b and junction I'b.

A tank-inductor L' is connected between junction J'x and
a junction J'y; and a tank-capacitor C' is connected between
junction I'y end a junclion Yz. An auxiliary capacilor AC' is
conmected between Jnnctions I'z and Jc.

A first high speed rectifier HSR1 is comnected with its
anode 1o junction J'z and with its cathode to the anode of
rectifier CR1. A second high speed rectifier HSR2 is con-
nected with its cathode to junction I'z and with its anode to
the B'- bus.

A first auxiliary transistor AQ'l is connected with its
emitler Lo the B~ bus and with its collector to junction I'b
by way of an adjustable current-limiting resistor ACLR.

A voltage sampling capacitor VSC' is connecied between
junction Jy and the anode of a diode D'cl. The cathode of
diode D'cl is connected with the B'- bus. The cathode of a
diode D'c2 is connected with the anode of diode D'cl; and
the ancde of diode D'c2 is connecled with the anode of a
Zener diode ZI¥. A flter capacitor Cc is connected between
the anode of diode D'c2 and the B'- bus. A resistor R'cl is
connecied between the anode of diode D'¢2 and the base of
transistor AQ'L.

A second auxiliary transistor AQ'2 1s connected with its
emilter to the B'- bus and with its collector o the base of
auxiliary transistor AQ'l; which base is conpected with
junction Jd. A resistor R'c2 is connected between the base of
auxiliary transistor AQQ'2 and the cathode of Zener diode
ZD'.

The elements connected together between the DC+ and
DC- terminals and the B+ and B~ terminals are referred-lo
as auxiliary inverter Al

FIG. 6 illustrates an allernative ambodiment of the present
invention.

The arrangement of FIG. 6 is identical to that of FIG. 5
excepl as follows.

In FIG. §: (i) rectifier CR1 has been replaced with a short
circuil; (ii) rectifier CR2 has been replaced with an open
circuit; (iii) the apode of rectifier HSR2 has been discon-
pected from the B'- bus and connected with the B'+ bus
instead; and {iv) one of the terminals ((he negative lerminal)
of energy storing capacitor ESC has been disconnected from
the B'- bus and connected with the B'+ bus insiead.
Details re Waveforms of FIG. 4

In a silnation of an ordinary three-phase power distribu-
tion system, where each individual phase supplies a 60 Hz
sinusoidal voltage, the waveforms of FIGS. 42—4d represent
the currents resulling in each of the three power conductors
under four different types of load conditions. In each of these
four cases, the current flowing in the neutral conductor will
be zero under condilions of symmetrical loading on cach
phase.
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FIG. 4a represents a situalion where each of the loads
draws a sinusoidal current; which, as is well known, resulls
in zero current flowing in the three phase neutral conductor.
That this is so may be ascertained by simply adding the
instantanecus magnitudes of the three different waveforms:
at each point along the time axis, the sum will be zero.

FIG. 4b represenis a siluation where each of the loads
draws a current of a constant magnftude for two thirds of the
total duration of each half cycle of ihe power line voliage,
and then a zero-magpitude current for the remainder of each
half cycle. In this case Lhe three currents also will add up lo
zero on an Instantaneous basis all along the time axis.

FIGS. 4¢ and 4e represcnt sitalions equivalent to that of
FIG. 4b, except for baving (he current magnitudes increase
and decrease more or less gradually as contrasied with the
abrupt increases and decreases of the current magnitudes in
F1G. 4b. In each of these cases the three curments also will
add up to zero on an instantaneous basis all along the time
axis.

Delails of Operation

The basic operation of the half-bridge inverter of FIG. 1
is conventional and is explained in conjunction with FIG. 3
of U.S. Pat. Na. 4,307,353 io Nilssen.

T'or a given magnitude of the DC supply voliage, due to
the effect of the high-Q LC circuii, the magnitude of the
current provided to the flnorescent lamp load {or Lo any other
load presented Lo the output) is a sensitive function of the
frequency and the waveshape of the inverler’s cuipul volt-
age; which oulpul voliage is a substaptially squarewave
voltage of controllable frequency and with peak-lo-peak
magnilude aboul equal lo thal of the instarlanecus magni-
tude of the DC voltage present between the B- bus and the
B+ bus.

The [requency of the inverter’s squarewave oulpul voli-
age is a sensitive function of the natural resonance frequency
of the high-Q LC circuit as well as of the duration of the
forward conduction period (ic., the ON-period) of ke two
inverter swiiching itransisiors; which duration, in tum, Is a
sensitive function of the saturation characteristics of sam-
rable current lransformers SCTa and SCTh as combined
with the magnitude of the bias voltages present on capaciiors
Ca and Cb. Thal is, the duration of the forward conduction
period (the ON-time) of cach switching fransistor is deter-
mined by the voli-second product sustainable by ils associ-
ated saturable current transformer as well as by the magn-
tude of the negative hias on capacitors Ca and Cb: the higher
the voli-second product available before saturation, the
longer the ON-time; the higher the negalive bias on the
Ca/Cb capacifors, ihe shorler the ON-time.

In the circuit arrangement of FIG. 1, the magnitude of the
negative vollage on capacilors Ca and Cb is delermined by
the magnitude of the current provided to the bases of
transistors Qa and Qb, less any current drained away through
resistors Ra2 and AQI/ACLR, all respectively. (Of course,
a small amount of current is also drained away from bias
capacitors Ca and Cb by resistors Ral and Rb1, respectively.
However, this amount of charge leakage is in most situations
negligible, Resistors Ral and Rbl are principally used for
getiing the inverter to initiate oscillation.)

The magnitude of the base current provided to each
transistor is directly proportional to the magpilude of the
curren! Howing through the primary windings of saturable
current transformers SCTa and SCTb. Thus, assuming tran-
sistor AQ1 to be conducting, for given values of resistors
R2a and ACLR: the higher the magnitude of the inverter’s
output cwrent, the higher the magnitude of the negative
voltage on capacitors Ca and Cb.
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Thus, for given values of resisiors Ra2 and ACLR
{assuming transistor AQ1 to be conducting), the circuit of
FIG. 1 provides for a high degree of regulation of the
magmitude of the inverter’s output curent.

By selecting a suilable resistance value for resistor Ra2,
and assuming transistor AQ1 10 be conducting, the magmi-
tude of the inverter’s outputl current may be adjusted by
adjusting the resistance value of ACLR: a relatively low
resistanice value leads 1o an inverter cutput current of
relatively high magnitude; a relatively high resistance value
leads 1o an inverier output current of relatively low magni-
mrde,

The higher the magnitude of the negative voliage on each
bias capacitor, the higher Lhe magnitude of the vellage that
has lo be provided from the secondary winding of cach
saturable current transformer; which, in furn, leads to a
eorrespondingly shorter period before saturation is reached.
Thus, as the magnitude of the negative bias on each bias
capacitor is increased, the duration of each iransistor’s
forward conduction period {ON-lime) is decreased; which,
in turn, leads o a reduction in the magnitude of the inverter's
output current in comparison with what it otherwise would
have been.

Whereas Lhe base current provided to cach iransistor has
to flow from its associated bias capacitor, the reverse or reset
current provided from each of the saturable current irans-
former’s secondary windings does nol 8ow from the bias
capacilor, but rather flows in a separale path through ihe
reverse shunt diode (SDa or SDb) shunting the secondary
winding of cach saturable current transformer.

More particularly, the circuil 2nd control arrangement of
FIG. 1 operates as follows.

As power is applied at power input terminals PITa/PTTb,
the imverter starls (0 oscillale al & frequency near the natural
self-resonance frequency of the LC circnit. The resuliing
ioverter outpul current results in a positive feedback current
provided lo each base; and Lhis [eedback curreni, in turm,
causes a negative bias to build up on each of bias capacitors
Ca/Cb. As \he magpilude of the negative bias vollage
increases, the inverler’s oscillation [requency increases as
well. As a result, the magnitude of the inverter output current
will stabilize at a some level defermined by the effective
resislance values of resistors Ra2 and AQL/ACILR.

Transistor AQ1 conducts o a degree dependent on the
magnitude of the base current it receives; which magnimude,
in turn, depends on: (i) the magnitade of the high frequency
voltage present al junciion Jy; (if) the reactance value of
capacitor VSC; (iii} the magnitmde of the Zener voltage of
Zener diode ZD; and (iv) the effeclive resistance value of
bistable resistance means BRM.

More particularly, the coalrol circuil consisting of prin-
cipal elements AQIL, ACLR, BRM, AQ2, ZD and VSC,
operates as follows: (i) capacitor VSC is of small capaci-
tance vale relative to that of tank capacilor C, and—from
the perspective of the magnitudes of the voltages present
within the control circuil—may be considered as represent-
ing a cwent source; (i) thus, the magnimde of ihe high
frequency current supplied via capacitor VSC is a measure
of the magnitude of the high frequency voliape present at
junction Jy; (iii) the high frequency current provided via
capacilor VSC is rectified and filtered, and results in a
corresponding unidirectional current flowing through resis-
tance gleans BRM and inio the base of transistor AQ1,
thereby causing this transistor to become fully conductive;
(iv) as the magnitude of the high frequency current
increases, so does the magnitade of the unidirectional cur-
rent flowing through resistance means BRM as well as the
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magnitude of the DC vollage developing across resistance
means BRM; (v) evennually a point is reached at which the
magnitude of this DC voltage gets 1o be so high as to cause
current to flow through Zener diode ZD and into Lhe base of
transistor QAZ2; (vi) as current flows into Lhe base of tran-
sistor AQ2, it becomes conduciive; (Vi) as transisior AQ2
becomes conductive, it robs base current from transistor
A1, thereby making transisior AQ1 less conductive; (viif)
as iransistor AQ1 becomes less conductive, the magnitude of
the bias voltage across capacitor Cb will increase, thereby
shortening the ON-time of transisior Qb; and (ix) the short-
ening ON-time of fransistor Qc will cause lhe magnilude of
the high fequency cnment supplied lo tank capacitor C to
decrease, thereby decreasing the magnitude of he high
frequency voltage present at junction Jy.

‘Thus, a negalive [eedback loop exists: as the magnilude of
the high frequency voltage provided at jurction Jy increases
beyond a pre-established level (which, for a given value of
capacitor VSC, is delermined by the Zeper vollage of Zener
dicde ZD and the effective resistance value of resistance
means BRM), the ON-time of transisior Qb becomes pro-
portionally shortened. As a pet result, the magniinde of the
high frequency voltage at junction Jy will be regulated sach
as—in effecl—not to exceed the above-indicaled pre-
esiablished level. Thus, as long as the magnitude of the B+
supply voltage exceeds a cerlaln minimum level, further
increases m the magnitude of the B+ supply voltage will not
cause further imereases in the magnitude of the high fre-
quency vollage.

By varying the effective resistance value of bistable
resistance means BRM, the magnitude of the high frequency
vollage al junclion Jy will correspondingly vary. Bistable
resistance means BRM is of such a nature as to self-oscillate
between two distinct states: (i) 2 first state in which transistor
BQ1 is ON and trapsistor BQ2 is OFF; and (ii) 2 second slate
in which transistor BQ1 is OFF and transisior BQ2 is ON.
The components of bistable reststance means BRM were so
chosen as lo cavse the [irsl slale Lo exisl for abont 10
milli-seconds and the second state to exist for about 1000
milli-seconds. As a consequence, resistors BR1 and BR2 are
alternatingly switched in and out, thereby causing resistance
means BRM 1o appear as a relatively low resistance value
(equivalent to the effective resislance value of resistor BR2)
for about 10 milli-seconds once each 1000 milli-seconds,
while otherwise appearing as a relatively bigh resistance
vale (i.¢., the effective resistance value of BRI).

As a result of causing bistable resistance means 1o alter-
nate on the above-indicated manner, the magnimde of the
high frequency voltage at jumction Jy alternates
correspondingly—being of a relatively large magnitude for
10 milli-seconds out of every 1000 milli-seconds.

The magnilede of the high [requency voltage during the
indicated 10 milli-second pericds is high enough to cause
the fluorcscent lamps to igpitc, but only afier the lamp
cathodes have become thermionic. When provided with the
proper amount of cathode heating power, the lamp cathodes
will become thermionic within a period of less than 1000
milli-seconds.

With the fluorescent lamps connected and fully operating
(i.e., fully loading the LC circuit), ibe magnitude of the high
frequency voltage at junclion Jy is kept below that magni-
tude required o cause current to flow into the base of
transisior AQ2; which means ibal transistor AQ1 will be
fully conductive. At this point, the control circuit is effec-
tively disabled; and the magnitude of the lamp current is
then deteroined by the resistance value of resisior ACLR:
varying ACLR causes the magnitude of the famp current to
vary.
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The resistance value of resistor Ra2 is selected such that
the ON-time of trapsistor Qa corresponds to nearly a 30%
duty-cycle. Similarly, the minimum resistance value of
ACLR (which comesponds to maximum lamp cwrent) is
selected such that the ON-time of transistor Qb corresponds
to nearly a 50% duly-cycle.

Heating of the lamp cathodes is accomplished by way of
cathode (ransformer CT} which transformer is connected in
parallel with awxitiary capacitor AC, the capacilance valte
of which is very large compared with thal of tank capacitor
C. Thus, the cathodes are heated wiih a substantially stnu-
soidal high frequency voltage.

When the cfrenit of FIG. 1 operates with no load (zs
before the lamp calhodes have become thermicuic), the
RMS magnitude of the high frequency voltage present at
junction Jy is limited by the indicated negative feedback to
be somewhat higher than the magnpitude of Lhe high fre-
quency voltage present al junction Jy with the lamps con-
nected and operating, bui not so high as to cause jinstant-
starting of the lamps. The magnitvde of he cathode healing
voltages provided during this no-load condition js chosen to
be such as to cause calhode incandescence to occur within
aboul one second. As a result, the lamps will notmally ignite
in a rapid-start manner on the first occasion where the
magmitude of the high frequency output voltage is made
exira high for the indicated 10 milli-second period.

During the 10 milli-second pertod, the magnitude of the
cathode heating vollages also increases substantially,
thereby aiding in lamp ignition. However, on an integrated
RMS basis, this brief perdod of increased cathode heating
vollage 1s ol lillle consequence.

As soon as the lamps ignite, the magnitude of the high
irequency vollage al junction Jy will decrease to a level so
low thal the amount of high Fequency cument provided via
capacitor VSC will be insuffient lo cause Zener diode ZD to
conduct, thereby causing transistor AQ2 to enter its non-
conducling state and lo remain there for as long as the lamps
remain igniled. As a result, transistor AQ1 will now be fully
conducting on a continnous basis. This implics that the 10
milli-second pulses, which will coalinue to be provided
every 1000 milli-seconds, will be of lifile consequence: they
can’i turn transistor AQ1 more than fully ON.

If the lamps were to be disconnected, however, the
repeatedly provided 10 milli-second pulses will assure that
affirmative lamp ignition will occur as soon as fully func-
fional lamps are indeed connected.

As long as transistor AQI is conductive, the fluorescent
lamps will be powered in a normal manner; and the mag-
nitude of the lamp curreni fowing will depend on the
particular setting of adjustable resistor ACLR.

FIG. 3 depicts vanious vollage and current wavelorms
associated with the cireuit of FIG. 1.

For a simation with oo loading presented to the high-Q LC
circuit—that 1s, wih the lamps disconnected, or before the
lamps have ignitied—FIG. 32 shows the collector-io-emitter
vollage Vb of iransistor Qb and the corresponding inverter
oulput cwrent Ib. The part of I acteally flowing through
irapsistor Qb in the forward direction is shown in heavy
solid line, lhe part of Ib lowing through commulating diode
CDa 1s showed in light dashed line, and the pamnt of Ib
flowing through either Qa or CDb is shown in light solid
line.

FIG. 3b shows the base-emitter voltage of transistor Qb as
it corresponds to the waveforms of FIG. 3a.

For a simation where the LC circuil is subslantially fully
loaded by the two fluorescent lamps, FIG. 3¢ shows the
collecior-to-emitter vellage Vb' of iransistor Qb and the
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corresponding inverter output current Ib', The part of 19’
actually flowing through trapsistor Qb in the forward direc-
fion is shown in heavy solid line, the parl of Ib' flowing
through commulaling diode CDa is showed in light dashed
line, and the pari of Ib' flowing through either Qa or CDb is
shown in light solid line.

FIG. 3d shows the base-emitter voliage of transistor Qb as
it corresponds to the waveforms of FIG. 3c.

FIG. 3¢ shows the waveshape of the high-frequency
vollage present across the tank-capacitor under the condilion
of an unloaded LC circuit: a continuous substantially sinu-
saidal voliage of a relatively low magnitude, interrupted
once ecach second (ie., 1000 milli-seconds) with a 10
milli-second long burst of relaiively high-magnilude sub-

5 stantially sinuscidal voltage.

In the arrangememt of FIG. 5, there are two inverters: one
is main inverler MI, whose operalion is already described in
connection with FIG. 1; the other is an auxiiary inverier,
whose operalion is essentially the same as (hat of main
inverler MI. However, this auxiliary inverter is used differ-
ently.

More particularly, its high frequency output is rectified via
high speed rectifiers HSR1 and HSR2, and the rtesulling
wnidirectional current is used for charging enmergy-storing
capacitor ESC. In the absence of any loading on this
energy-storing capacilor, the vollage-magnitude to which it
charges is delermined by the characteristics of the negative
feedback conirel circuil: in the szme manner as is ihe
maximum magnitude of open circuit ontpui voltage deter-
mrined in the circut arrangement of FIG. 1.

More particularly, the maximum voliage (o which capaci-
tor ESC charges is determined by the capacitance ratio
between auxiliary capacitor AC' and tank capacitor C', as
well as by (he magnitwde to which the high (requency
voltage al junction J'y is regulated.

With commutating rectifier CR2 non-connected, or with
ihe magnilude of the voltage on capacitor ESC larger than
the peak magnitude of the rectified power line voltage, main
inverter Ml will be powered entircly from the voltage on
capacitor ESC.

However, with commutating rectifier CR2 connected, and
with the magnimde of the voltage on capaciior ESC lower
than Lhe peak magnitude of the reciified power line voltage,
main inverter MI gets powered direcily from the rectified
power line voltage as long as the instantanecus magmtude of
this rectified power line vollage is larger than the magpitude
of the vollage on capacitor ESC. Then, when the instanta-
neous magnitude of the rectified power line voltage is lower
than the magnitude of the voltage on capacitor ESC, main
inverter Ml gets powercd by the voltage on capacitor ESC.

Otherwise, by virtue of the voliage established al junciion
Jd by action of the voltage divider consisting of resistors
DR1 and DR2, as combined with the vollage established
across cuirent sensing resisior CSR (which 1s a resistor of
relanively low resistance value, such as perhaps 1 1o 10
Ohmy), a situation is established whereby the instanianeons
magnitude of the current drawn from the power line is
prevented from exceeding a cerfain pre-established fraction
of the instantaneous magnitnde of the power line voltage;
which pre-established fraction is determined by the resis-
tance valve of resistor DR2 versus that of resistor DR1.

More particnlarly, if the instantaneous magnitude of the
current drawn from the power line through resistor CSR
were 1o generaie a larger vollage across CSR lhan the
voltage established across resistor DR2, the net resuli would
be that the voltage established at junction Jd would be
negative with respect to the B~ bus. Thus, whenever Lhe
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instantaneous magnitude of the voliage present across resis-
tor CSR is larger than that of the voltage present across
resistor DR2, junction Jd will present a voltage to the base
of transistor AQ'2 that is negative with respect to its emitter,
thereby causing this fransistor lo become more condnctive,
thereby causing iransistor AQ'1 lo become Iess conductive,
thereby reducing the magnitude of the current delivered to
capacilor ESC, thereby reducing the magritude of the cur-
rent drawn from the power line, efc.

The arrangement of FIG. ¢ operates in the same manner
as that of FIG. 5 cxcept that encrgy-storing capacitor ESC
has now been repositioned in such manner hat its voltage is
now added (o the rectificd power line voltage before being
presented to main inverter MI

FIG. 7 depicts various vollage and cument waveforms
associated with the arrangements of FIGS. § and 6.

FIG. 7« indicates the waveshape of the full-wave-reciified
power line voltage, which is present between the DC+ and
the DT~ terminals.

FIG. 7b indicates the waveshape of the current drawn
from the power line; which waveshape, under most
conditions, is nearly sinusoidal.

FIG. 7c indicates the waveshape of the voltage presented
to main inverter MI in ibe arrangement of FIG. 5 under a
condition where the peak magnitude of the reclified power
line veltage is about 25% higher that the magnitude of the
voliage on capacitor ESC.

FIG. 7d indicales the waveshape of the vollage presented
to main inverter MI in the arrangement of FIG. 6.
Additional Commenis

a) Detailed information relative to a fluorescemt lamp
ballast wherein the fluorescent lamp is powered by way
of a series-excited paratlel-loaded L-C resonant circuit
is provided in U.S. Pat. No. 4,554,487 to Nilssen.

b} The instantancons peak-to-peak magnitude of the
squarewave oulpul vollage provided by each of the
various half-bridge mverters between junctions Jg and
Jc is substantially equal to the instantaneous magnitude
of the DC voltage supplied 10 thal inverler.

¢) Saturable current transformers SCTa and SCTb require
only a miniscule amount of voliage across their primary
windings. Hence, the magpitude of the voltage-drop
between junclions Jq & Jx 1s subslantially negliymble,
and the inverler's full ontput vollage is therefore effec-
tively provided across the LC circuit, which principally
consisis of tank-capacitor C and tank-inductor L.
However, there is a small tuning effect associated with
auxiliary capacitor AC of FIG. 1 and capacitor AC' of
FIGS. 5 and 6.

d) in FIG. 3, the inverter frequency associated with the
waveforms of FIGS. 3a and 3b is substantially higher
than that associated with FIGS. 3¢ and 3d.

Also, current Ib is nearly 180 degrees out of phase wilh
the fundamental frequency cemponeat of voliage Vb, while
currenl Ib' is almost in phase with voltage Vb

e) In the situation associated with the waveform of FIG.
3b, the magnitude of the volage “scen” by the second-
ary winding of saturable current transformer SCTb is
about five times as high as that “seen” by the same
;ccondary winding in the situation associated with FIG.

d.

Correspondingly, the duration of the transistor ON-time in
the situation associated with FIG. 3d is abouwt fve times
longer than the transistor ON-time in the situation associated
with the waveform of FIG. 35.

f) As may be neticed in FIG. 3a, transistor Qb ceases 1o

conduct in its forward direction while a substantial
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amounti of current is still flowing from the inverter’s
outpui. Afier transistor Qb has ceased to conduct, the
inverter’s oulput current will continue to flow until the
energy in the tank inductor has dissipated iiself.
However, the oulput current will continue its flow
through commutating diode CDa, thereby discharging,
its emergy into the DC power supply.

g) Forward conduction of a transistor is defined as current
Howing, with the aid of forward base drive currenl,
directly between the collector and the emitler; which, in
case of transistor Qb for, instance, means that forward
current is defined as positive current flowing from its
eollector 10 its emitter while drive current is being
provided 1o its base.

A transistor's ON-time is defined as the period during

which if conducts current in the ferward direction.

k) In FIG. 3 it is noted thai the fundamental frequency of
the waveforms depicted in FIGS. 3¢ and 34 1s lower by
a certain factor as compared with the frequency asso-
ciated wilh the waveforms of FIGS. 3a and 35; yet the
indicated duration of transistor ON-lime associated
with the waveforms of FIGS. 3a and 35 is shorter by a
much larger factor as compared with the indicated
duration of transistor ON-time associated with the
waveforms of FIGS. 3¢ and 3d.

In fact, when the transisior ON-lime is shortened by a
given proportion, the fundamental frequency of the vert-
er’s output voltage increases by a much smmaller proportion.
In inslant case, with each transisior’s ON-lime shortened by
a factor of about five, the inverter frequency increased only
by a factor of about 1.3: from about 30 kHz to about 40 kHz.

iy The time constanl associated with each bias capacitor
and its associaled charge leakage means (ex: Da and
Ra2) is normally on the order of a single period of the
high [requency inverter oulpul voltage. For inslance,
for a situation where the power line input voltage is 120
Vol/60 Hz, the frequency of the mverler output
voltage/current is on the order of 30 kHz, and the lotal
inverter power output falls in the range between 10 and
100 Watt, the values of bias capacitors Ca and Cb might
reasonably be in the range [rom ©.5 1o 5 micro-Farad,
the value for leakage resistor Ra2 might reascnably be
in the range between 5 and 50 Ohm, and adjustable
resistor ACLR might reasonably be adjustable over a
range between 0 and 50 Ohm.

j) In the circuit arrangement of FIG. 1 there are two
distinetly different kinds of current-magnilude-limiling
provided. One 1s the ordinary kind associated with the
natura] characteristics of a2 series-exciled parallel-
loaded resonant 1.CC circuit; another is due lo the action
of the contro] circuii associated with auxiliary transis-
{ors AQ1 and AQ2.

The former is the prineipal means for limiting the Tamp
current; the lafter is the principal means for controlling the
level at which the lamp current is limited as well as for
limiting the inverter’s output cimeni in the absence of
proper circuit loading.

&} The circuit arrangement of FIG. 1 may be described as
an inverter that is loaded by way of a high-Q tened 1.C
circuit and arranged fo self-oscillate by way of positive
feedback derived from the inverter 's instanianeous
output current (and/or voltage) while at the same time
arranged to provide for controllable-magnitude output
current {and/or voltage) by way of negative feedback
derived from the average absolute magmtude of the
inverler’s output current (and/or voltage). That is, a
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larger megnitude ouiput current provides for a larger
magnitude bias voltage on capaciiors Ca and Cb,
thereby causing ihe inverter frequency to increase and
the inverter’s output current to decrease.

1) So as to fully reset the saturable cores each cycle, diodes
SDa and SDb should each have a relatively high-
magnitude forward voltage drop, such as might be
obtained. by using two ordinary diodes in series.
However, inslead of wsing special diodes wilh high-
magnitude forward vollage drops, it is acceplable to use
ordinary diodes with added series-resistors, therchy
effectively fo increase their forward voliage drops.

m) Some of the values associated with operating the
ballast with the kind of waveform indicated by FIG. 3e
are as follows: (i) substantially relaxed specifications
for the tank-inductor; {ii) similarly relaxed specifica-
tions for the tank-capacitor; (iii reduced glow current
prior to lamp ignilion, thereby providing for increased
lamp life; (iv) much improved lamp starting; (v} sub-
stantially reduced idling power; and (vi) more cost-
cffective compliance with U L. specifications related 1o
ground-fault current.

n) The RMS magnitude of the cathede beating vollage,
which voltage is provided to each of the lamps” ther-
micnic cathodes by way of cathode heating windings
CHW, is such as to provide for proper cathode heating
during the penod before the lamps ignite, as well as on
a continuous basis thereafter.

During the brief pulses provided by way of bislable
resistor means BRM, the RMS magnitude of the cathode
heating vollage is increased to about twice normal value.
However, since the duration of each of these pulses is so
very brief (aboul 10 milli-seconds) compared with (he
duration of each of the periods between such pulses (about
1000 milli-seconds), the net effect on the temperature of the
cathodes is pegligible. However, with respect to lamp
ignition, the effecl is substantial and beneficial. The briefly
elevaled RMS magnilude of the cathode vollage givesrise Lo
ionization of the Jamp pas along the cathodes” surfaces,
thereby greatly facilitating the ignition of the main gas
columns of the lamps.

o) By appropriately modifying the voltage divider means,
which m the arrangements of FIGS. 5 and 6 is repre-
senied by resistors DR1 and DR2, the waveshape of the
current drawn from the power line can be comespond-
ingly modified. For instance, by placing a voltage-
limiling means, such as a diode, in parallel with resisior
DR2, the line current waveshape can be made 10 be like
that llustrated in FIG. 4d.

P) When a resopant LC circuil s series-excited with a
voliage source and parallel-loaded by a substlantialiy
fixed-magnitude voltage, such as is indeed the case
with the arrangement of FIG. 5 (where the load is
capacitor ESC; which capacitor, under normal
condilions, will indeed be charged to a voltage of
substaniially fixed magnitude), ihe magniiude of the
current drawn from the voltage source will be substan-
tially constanl regardiess of the magnide of the voli-
age provided from this voliage source.

This constani-voltage 10 constant-current conversion
charactenistic is basic with parallel-loaded series-excited
resonant LC circuits; which have the characleristic of con-
verting a constant-magnitude voltage series-input lo a
constant-magnitude current parallel-output; or, conversely,
converling 2 conslanf-magnitude voltage parallel-output to a
constan! current seres-inpul.
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Thus, withont any attempts a1 changing the frequency of
the inverter’s output voltage, the waveshape of the current
drawn from the pawer line would have been substantially a
continuous constant magniiude, regardless of the insianta-
neous magnitude of the power line vollage.

However, by dynamically changing the frequency of the
inverter’s cutput voliage in accordance with some desired
pattern or algorithm (at a 120 Hz frequency), the magnitude
of the current drawn by the inverter from the power line can
be made to change correspondingly over a wide range. More
particularly, the cument drawn from the power line can
readily be made to conform to varivus desired waveshapes,
such as those of FiG. 4, for instance.

q) With reference o FIG. 7c, which illusirates the wave-
shape of the vollage presented to main inverter MI of
IF1G. 5, it is noted that the instantaneous magnitude of
ihis unidirectional voltage is equal Lo the larger of: (i)
a certain sabstantially constant level (as represented by
the DC voliage present on capacitor ESC); and (il) the
full-wave-rectified power line vollage which is pro-
vided across the output termingls of rectifier BR and
which is iflustrated by FIG. 7b}.

In this connection, it is noled that the vollage-drop acToss
current-sensing resistor csr is assumed to be of negligible
magnitude in comparison with the magnitude of the DC
voltage supplied to main inverter M1

r) With reference to FIGS. 5 and 6, for convenience, all
the circuitry connected between power input terminals
PITa and PITb and power cuipul terminals POT1 and
POT2 may hereinafter collectively be referred-to as a
conditioner circuit.

What is claimed s

1. Ao arangement comprising:

an AC source operafive to provide an AC power line
vollage at a palr ol power line lerminals;

a gas discharge lamp having 2 pair of lamp terminals; and

conditioner circuit connected between the power line

terminals and the lamp terminals; the conditioner cir-

cuit being characterized by:

(a) being operative lo draw a low-frequency line cur-
rent from the power line terminals;

(b) including an inverler sub-circuit powered from a
umdireclional voltage whose instantancous absolute
magnitude is equal to the larger of: (i} the absolute
ipstantanecus magnitude of a substantiaily constant
DC vollage; and (ii} the absolute instanianeous mag-
nitude of a sinusoidal vollage whose peak absolute
magnitude is higher than that of ithe substantially
constant DC volage;

{c) being operative o draw currenl from Lhe power line
terminals even at times when the absolite instanta-
neous magnitude of the AC power line voltage 1is
lower than that of the substantially copstant DC
vollage; and

(d) supplying a high-frequency lamp currem to the
lamp terminals and thereby to the gas discharge
lamp; the frequency of the high-frequency lamp
current being substantially higher than that of the AC
power line voltage; the crest factor of ihe high-
frequency lamp current being equal to or lower than
1.7.

2. The arrangement of claim 1 wherein the conditioner
circuit is additionally charactenized by being operative to
cause lhe instantaneons magnitude of the low-frequency line
current 1o be substaniially proportional to the instanianeous
magnitde of the AC power line vollage.
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3. The arrangement of claim 1 wherein the conditioner
circuil is additionally characlerized by including at least two
separate inverter circuits; each inverter circuit having a pair
of series-connected switching transistors.

4, The arrangement of claim 1 wherein the conditioner
cirenil is additionally characterized by including at least two
separate mverter circuits; each inverter circuit being opera-
tive to provide a non-sinusoidal output voltage across a pair
of inverter outpul terminals; the one inverter outpul voltage
being subslaniially different from the other inverter output
voltage.

5. An ammangemenl comprising:

an AC source operative lo provide an AC power line

voltage at a pair of power line terminals;

a gas discharge lamp having a pair of lamp terminals; and

conditioner circuit connccted between the power line

terminals apd the lamp terminals; the conditioner cir-
cuit being operative to draw a low-frequency line
current from the power line lerminals and to supply a
high-frequency lamp current to the lamp terminals and
thereby to the gas discharge lamp; ihe frequency of the
high-frequency lamp current being substantially higher
tham that of the AC power line voltage; the conditioner
circuit being further characterized by:

(2) being operative to cause: (i} the instantaneous
magnitude of the low-frequency line current to be
substantially proportionzi 1o the inslantansous mag-
pitude of the AC power line voltage; and (ii) the crest
factor of the high-frequency lamyp current to be equal
to or lower (han 1.7; and

{b) including: (1) a first inverter circuit having a first
pair of DC power supply terminals across which is
supplied a first DC voltage; apd (ii) a second inverier
circuit having a second pair of DC power supply
erminals across which is supplied a second DC
voltage; at least part of the time, the instantancous
magmnilude of the second DC voliage being distinctly
different from that of the first DC voliage.

6. The arrangement of claim 5 wherein the absolute

instantancous magnitude of the first DC voltage is substan-
tially equal to the absolute instantaneous magnitude of an
alternating voltage of sinusoidal waveform.
* 7. The arrangement of claam 6 wherein the condilioner
circuit is additionally characterized in that frequency of said
alfernating voltage is equal to that of the AC power line
voltage.

8. The arrangement of claim 7 wherein the conditioner
circuit is additionally characterized in that il draws current
from the power line lerminals even during times when the
absolute instantaneous magnitude of the hirst DC voltage is
Jower than that of the second DC vollage.

9. The arrangement of claim 5§ wherein the conditioner
circuit is additionally characterized by causing the low-
[requency line cumeni to have an inslanlaneous magunilude
that is substantially proportional to that of the AC power line
voltape.

10. An arrangemen! comprising:

an AC source operative 1o provide an AC power line

vollage at a pair of power line terminals;

a gas discharge lamp having a pair of lamp terminals; and

conditfoner circuit conpected beiween the power line

terminals and the famp terminals; the conditioner ¢ir-
cuil being operative to draw a low-frequency line

current from the power line terminals and io supply 2

high-frequency lamp current to the lamp terminals and

thereby to the gas discharpe lamp; the frequency of the
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high-frequency lamp current being substantially higher
than thal of the AC power line voltage; the conditioner
cireuit being further operative to cause the crest factor
of the high-frequency lamp current 1o be equal to or
lower than 1.7, the conditioner circuif being further
characterized by:

(2) having a pair of DC power supply terminals across
which exists a unidirectional supply voltage whose
absoluie instantanecus magopitude is equal to the sum
of: (i} the absolule Instanianeous magnitude of a
substantially constant DC vollage; and (if) (the abso-
lute inslantaneous magnitude of an alternaling volt-
age having a substantially sinusoidal waveshape; and

(b) drawing current from the power line terminals even
during periods when the absolute inslantaneous mag-
ritude of the alternating voltage is lower than that of
the subsiantially copstant DC voltage.

11. An arangement comprising:

an AC source operative to provide an AC power line
voltage at a pair of power line terminals;

a gas discharge lamp having a pair of lamp terminals; and

conditioner circuit connected between the power line

terminals and the lamp terminals; the copdiiioner <ir-
cuit being operative to draw a low-Fequency line
current from the power line terminals and to supply a
high-frequency lamp current to the lamp ferminals and
thereby to the gas discharge lamp; the frequency of the
high-frequency lamp current being substantially higher
than that of the AC power line voltage; ihe conditioner
circuit betng further characterized by:

(2) being operative to cause the crest factor of ithe
high-frequency lamp current to be equal to or lower
than 1.7;

(b) having a pair of DC terminals across which exists
a unidirectional supply voltage whose absclute
insiantaneous magniiade is equal to the larger of: (i)
the absolute magnitude of a substantially constamt
DC voltage, and (i) the absolute mstantaneous mag-
nitude of an alternating voltage having a substan-
tially sinusoidal waveform and a peak absolute mag-
nitnde higher than the absolute magritude of the DC
voltage; and

{c) drawing current from the power line terminals even
during times when the absolute instantaneous mag-
nitude of the nnidirectional supply voliage is equal to
that of the substantially copstant DC voltage.

12. An arrangement comprising:

an AC source operative lo provide an AC power line
voltage at a pair of power line terminals;

a gas discharge lamp having a pair of lamp terminals; and

conditioner circuit comected between the power line

ferminals and the lamp terminals; the conditioner eir-
cvit being operalive to draw a low-frequency line
current from the power line terminals and to supply a
high-frequency lamp cuirent 1o the lamp lerminals and
thereby to the gas discharge tamp; the frequency of the
high-frequency lamp current being substantially higher
than that of the AC power Iline voltage; the conditioner
circuit being further characterized by:

(a) being operative 1o cause the crest factor of the
high-frequency lamp current to be equal Lo or lower
than 1.7;

{b) baving a pair of DC terminals across which exists
a unidirectional supply voltage whose absolute
instantaneous magnitude is equal to the larger of: (1)
the absolute magnitede of a substaniially constamt
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DC voltage; and (i) the absolute instantaneous mag-
pitude of an alternating voliage having a substan-
tially sinusoidal waveform and a peak absolule mag-
nitude higher than the absolute magmitude of the
substantially comstant DC voliage; and
(c) including: (i} a first transistor conducting periodi-
cally and intermitlently at a frequency equal to the
frequency of the high-frequency lamp curreni, and
(ii) a second transislor conducting periodically and
intermittently at a different frequency.
13. An arrangement COMmMprising:
an AC source operative to provide azn AC power line
voliage at a pair of power line terminals;
a pas discharge lamp baving a pair of lamp lerminals; and
conditioner circuit connected between lhe power line
terminals and the lamp terminals; the conditicner cir-
cnit being operative to draw a low-frequency line
current from the power line terminals and (o supply 2
high-frequency lamp current to the lamp terminals and
thereby 1o the gas discharge lamp; the frequency of the
high-frequency lamp current being substantialty higher
than thal of the AC power line voliage; the conditioner
circuit being further characterized by having a pair of
DC supply terminals across which exists a unidirec-

18

16. The arrangement of claim 14 wherein the conditioner
circuit is additionally characterized by drawing corrent from
the power line terminals during at least 90% of the total
duration of each complete cycle of the AC power line

5 wvoltage.
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tional supply voltage whose absolute instantancoms

magnilnde is equal to the sum of: (i) the absolute
instantznecus magnitude of a substantially constant DC
vollage; and (if) the absohite instantaneous magnitude
of an alternating voltage having a substantially simu-
soidal waveform and a frequency equal to that of the
AC power line vollage.

14. An arrangement comprising:

an AC source operalive to provide an AC power line

voltage at a patr of power line terminals;

a gas discharge lamp having a pair of lamp terminals; and

conditioner circuit conpecled belween the power line

terminals and the lamp terminals; the conditioner cir-
cuil being operative io draw a low-frequency line
current from the power line terminals and 1o supply a
high-frequency lamp current to the lamp terminals and
thereby to the gas discharpe lamp; the frequency of the
high-frequency lamp curreni being substaniially higher
than that of the AC power line voltage; the conditioner
crreuit being further charactenzed by having a parr of
DC sopply terminals across which exisis a unidirec-
ticmal supply voltage whose absolute instanianeous
magnpitude is equal to the sum of: (i) the absolule
magnitude of a substantially constant DC voliage; and
(ii) the absolute instantapeous magnitude of an after-
naling voltage having a substlantially sinusoidal wave-
form and an absolute peak magnitude equal 1o at least
half of the absoluie magnitmde of the substantiaily
constant DC voltage.

15. The arrangement of claim 14 wherein the conditioner
circuit is additionally characterized by cavsing lhe low-
frequency line current 1o flow during ai feast 90% percent of
cach complete cycle of the AC power line voltage.

17. An arrangement COmprising:

an AC source operative to provide an AC power line
voltage al a pair of power line lerminals;

a gas discharge lamnp having a pair of lamp lerminals; and

conditioner circuit connected between the power line
terminals and the lamp terminals; the conditioner cir-
cuit being operative 1o draw a low-frequency line
current from the power line terminals and o supply a
high-frequency lamp current 1o the lamp terminals and
thereby to the gas discharge lamp; the frequency of the
high-frequency lamp current being substantially higher
than that of the AC power line voltage; the conditioner
circoit being [urther characlerized by: (2) drawing
current from the power line terminals during more than
90% of the total duration of each complete cycle of the
AC power line voltage; and (b) including a first inverler
having a first transistor conducting periodically at a first
frequency, and a second inverter having a second
transislor also conducting periodically but ai a {re-
quency different from the first frequency.

18. The arrangemenl of claim 17 wherein the conditicner

" circuit is additionally characterized in that the Jow-
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frequency line current, when indeed being drawn, has an
instantaneous magnitude that is substantially proportional 10
that of the AC power line voltage.

19, The arrangement of claim 17 wherein the conditioner
circuit is additionally characterized by causing the high-
frequency lamp current to have a crest facior no higher than
about 1.7.

20. An arrangement comprising:

an AC source operative to provide an AC power line

voliage al a pair of power line lerminals;

a gas discharge lamp having a pair of lamp terminals; and

conditioner circuil comnecied between the power line

(erminals and the lamp terminals; the condibioner cir-
cuit being operative to draw a low-frequency line
current from the power Iine terminals and fo supply a
high-frequency lamp current to the lamp terminals and
thereby ko Lhe gas discharge lamp; the frequency of the
high-frequency lamp current being substantially higher
than that of the AC power line voltage; the conditioner
circuit being further characterized by: (a) drawing
curreni from the power line terminals during more than
90% of the total duration of each complete cycle of the
AC power line voltage; and (b} having a pair of DC
terminals across which exists a IXC voltage whose
instantaneous absolute magnitude is the larger of (i) 2
subsiantially constanl magnitude, and (ii} the instanta-
peous absolule magnitude of an alternating voltage
whose peak absolwte magnitede 15 larger than said
substantially constant magnitude.

5 %+ ¥ %
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COMPACT SCREW-IN FLUORESCENT
TAMP

RELATED APPLICATIONS

The present application is a Continuation-in-Part of Ser.
No. 07/579,569 filed Sep. 10, 1990; which is a Cantinvation-
in-Part of Ser. No. 06/787,692 filed Ocl. 15, 1985; which is
a Continuation of Ser. No. 06/644,155 filed Aug, 27, 1984,
now abandoned; which was a Contineation of Ser. No.
06/555,426 filed Nov. 23, 1983, now abandoned; which was
a Conlinuaiion of Ser. No. 06/178,107 filed Aug. 14, 1980,
now abandoned.

BACKGROUND OF THE INVENTION

1. Field of Invention

This invention relates to electronic ballasts for rapid-start
fluorescent lamps, particularly where the lamps are powered
via a series-resonant LC circuit.

2. Descriplion of Prior Art

For a description of pertinent prior art, reference is made
to U.S. Pat. No. 4,677,345 to Nilssen; which patent issned
from a Division of application Ser. No. 06/178,107 filed
Aug. 14, 1980; which application is the original progenitor
of instant application.

Otherwise, reference is made to the following US. Pat.
No. 3,263,122 to Genpit; U.S. Pat. No. 3,320,510 to Lock-
lair; U.S, Pat. No. 3,096,493 to Davenport et ¢l.; U.S. Pat.
No. 4,100,476 to Ghirnghelli; US. Pat. No. 4,262,327 to
Kovacik et al.; U.S. Pat. No. 4,370,600 to Zansky; U.S. Pat.
No. 4,634,932 to Nilssen; and U.S. Pal. No. 4,857,806 to
Nilssen.

SUMMARY OF THE INVENTION
Objects of the Invention

Objecis of the present invention are those of providing for
cost-effective elecironic ballasts as well as compact screw-in
fluorescent lamps.

This as well as other objecis, features and advantages of
the present invention will become apparent from the fol-
lowing description and claims.

Bricf Description

The present invention is directed to providing improved
inverter circuits for powering and conirolling gas discharge
lamps. The inverter circnits according to the present inven-
tion are highly efficient, can be compactly constructed and
are ideally suited for energizing gas discharge lamps, par-
ticularly “instant-siart™ and “self-ballasted” HAuorescent
lamps.

According io one form of the present invention, a series-
connecled combination of an inducior and a capacilor is
provided in circuit with the inverter transistors to be ener-
gized upon periodic iransistor conduction. Transistor drive
current is preferably provided through the use of at least ane
saturable inductor to control the Iransistor inverston fie-
quency to be equal to or greater than ihe pature resonmant
frequency of the inductor and capacitor combination. The
high voltages efficiently developed by loading the inverter
with the inductor and capacitor are ideally suited for emer-
gizing external loads such as gas discharge Tarmps. In such an
application, the use of an adjustable inductor permits control
of the inverter output as a means of adjusting the level of
lamp illumination.

According to another important form of the present
invention, reliable and highly efficient half-bridge inverters
include a saturable inductor in a current feedback cirenit to
drive ihe transistors for alternate conduetion. The inverters
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also include a load having an induciance sufficient o effect
periodic energy storage for self-sustained trapsistor inver-
sion. Tmportantly, improved reliability is achisved because
of the relatively low and (ransient-free voliages across the
transistors in these half-bridge mverters.

Further, according to another feature of the present
invention, novel and economical power supplies particularly
usefu} with the disclosed inverter circuils converl conven-
tional AC inpui voliages to DC for supplying 10 the invert-
€Ts.
Yet further, according to still anoiher feature of the
invention, z rapid-start fluorescent lamp is powered by way
of a series-resonant L.C circuit; while heatmg power for the
lamp's cathodes is provided via loosely-coupled auxiliary
windings on the tark inductor of the LC cireuitl.
Alternatively, cathode healing power is provided from
tightly-coupled windings on lhe 1ank induclor; in which case
output current-limiting is provided via a mon-linear resis-
tance means, such as an incandescent filament in a light
bulb, connecled in series with the oulput of each winding.

BRIEF DESCRIPTION OF THE DRAWINGS

FI1G. 1 is a fromt elevation of a folded fluorescent lamp
unit adapted for screw-in insertion inio 2 standard Edison
incandescent sockef;

FIG. 2 is a schematic diagram illustraling the essential
features of a push-pull inverter circuit particularly suitable
for energizing (he lamp unit of FIG. 1;

FIGS. 3A-3D is a sei of waveformn diagrams of certain
significanl voltages and currents occurring i the circuit of
FIG. 2;

FIG. 4 is a schematic diagram of a DC power supply
connectable to both 120 and 240 volt AC inpuis;

FIG. 5§ is a schemalic diagram which iltusirates the
connection of a non-self-ballasted gas discharge lamp unit io
the FIG. 2 inverter circuit;

TIG. 6 is a schematic diagram which illustrates the use of
a torpid healer for regulation of the inverler outpul;

FIG. 7 is an alierrate form of push-pull inverter circuit
accordind to the present invention;

FIG. 8 is a schematic diagram showing the conpection of
a gas discharge lamp of the “rapid-start™ type to an inductor-

s capacitor-loaded inverter according to the present invention;

FIG. % is a modification of FIG. 8, showing loosely-
conpled auxiliary windings on the tank inductor; and

FIG. 10 is another medification of FIG. 8, showing
nonlinear current-limiting means connected with the ouiput
ol tightly-coupled auxiliary windirgs on the lank induvclor.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

FIG. 1 iliusirates a screw-in gas discharge lamp unil 10
comprising a folded fluorescent Jamp 11 switably secured to
an integral base 12. The lamp comprises two cathodes 13,14
which are supplied with the requisilc high operating voltage
from a frequency-converting power supply and ballasting
circuit 16; which, because of iis compact size, convenienily
fils within ihe base 12.

The inverter circuit 16 is connecied by leads 17, 18 to a
screw-type plug 19 adapted for screw-in insertion into a
standard Ldison-type incandescent lammp socket at which
ordinary 120 Volt/60 Hz power line voltage is avatlable. A
ground plane comprising a wire or metallic swip 21 is
disposed adjacent a portion of the fivorescent lamp 11 as a
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starting aid. Finally, 2 manually rotalable external knob 22
is connected to a shaft for mechanical adjustment of Lhe air
gap of a ferrile core induclor to vary the inductance value
thereof in order fo effect adjustment of the inverler voltage
outpul connected to electrodes 13, 14 for controlled varia-
tion of the Tamp illumination iptensity.

With reference to FIG. 2, a power supply 23, connected to
a conventional AC input, provides a DC output for supplying
a high-efficiency inverter circoil 24. The inverler is-operable
to provide a high voltage 10 an external load 26, which may
comprise a gas discharge device such as the fluorescent lamp
11 of FIG. 1.

The power supply 23 comprises bridge rectifier having
four diodes 27, 28, 29 and 31 conncciable io a 240 voli AC
supply at terminals 32, 33. Capacitors 34, 36 are connected
between a ground line 37 (in turn directly connected to the
inverier 24) and to a B+ line 38 and a B- line 39, respec-
tively. The power supply 23 also comprises a voltage
doubler and rectifier optionally connectable to a 120 voli AC
inpul taken between the ground line 37 and termipal 33 or
32. The voltage doubler and rectifier means provides a direct
electrical connection by way of line 37 petween one of the
120 volt AC power input fines and the inverter 24, as shown
in FIG. 2. The bridge rectifier and the voltage doubler and
rectifier provide substartially the same DC cutpul voltage to
the inverter 24 whether the AC input is 120 or 240 volts.
Typical voltages are +160 volts on the B+ line 38 and —160
volis on the B- line 39.

‘With additional reference to FIG. 4, which shows an
alternate power supply 23, the AC input, whether 120 or 240
volts, is provided ai terminals 32' and 39. Terminal 39 is in
turn connected through a single-pole double-throw selector
switch 41 to terminal 37 {for 120 volt operation) or terminal
33' (for 240 volt operation). In all other respects, power
supplies 23 and 23' arc ideptical.

The inverter circuit 24 of FIG. 2 is a half-bridge inverter
comprising transistors 42, 43 connected in series across the
DC voltage output of the power supply 23 on B+ and B-
lines 38 and 39, respectively. The collector of trasistor 42 is
connecied to the B+ line 38, ihe emtlter of transistor 42 and
the collector of transistor 43 are connected to a midpoint line
44 (designaled “M™) and the emitler of irapsisior 43 is
connected to the B line 39. The midpoint line 44 is in turn
connected to the ground line 37 through primary winding 46
of a toroidal saturable core transformer 47, a primary
winding 48 on an 1dentical traosformer 49, an mductor 51
and a series-conpected capacilor 52, The inductor 51 and
capacitor 52 are energized upon altemale {ransistor conduc-
tion in a manner to be described later.

An external load 26 is preferably taken off capacitor 52,
as shown in FIG. 2. The inductor 51, preferably a known
ferrile core inductor, has an inductance variabie by mechani-
cal adjustment of (ke air gap in order to effect vaniation in the
level of the inductor and capacitor voltage and hence the
power available lo the load, as will be described. When the
load is a gas discharge lamp such as lamp 11 in FIG. 1,
varialion in this inductance upon rotation of knob 22 accom-
plishes a lamp dimming effect.

Drive current to the base terminals of transistors 42 and 43
is provided by secondary windings 53, 54 of iransformers
49, 47, respectively. Winding 53 is also comnedcled to mid-
point lead 44 through a bias capacitor 56, while winding 54
is connected to the B- Jead 39 through an identical bias
capacitor 57. The base terminals of transisiors 42 and 43 are
also connected to lines 38 and 44 through bias resistors 58
and 59, respectively. Tor a purpose o be described later, the
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base of transistor 42 can be optionally connected to a diode
61 and a series Zener diode 64 in tam connecied to the
midpoint line 44; similarly, a diode 63 and series Zener
diode 64 ip turn connected to the B— line 39 can be
coppected to the base of transisior 43. Shunt diodes 66 and
67 are connected across the collector-emitter terminals of
transistors 42 and 43, respectively. Finally, a capacitor 68 is
connected across the collector-emitter terminals of transistor
43 to restrain the rate of voltage rise across those tlermminals,
as will be scen presently.

The operation of the circuit of FIG. 2 can best be
understood with addifional reference 1o FIG. 3, which iflus-
trates significant portions of the waveforms of the voltage at
midpoint M {FIG. 3A), the base-emitter voltage on transistor
42 (FIG. 3B}, the current throngh transistor 42 (FIG. 3C),
and the capacilor 52 voltage and the inductor 51 current
(F1G. 3D).

Assuming that transistor 42 is first to be triggered into
conduction, current flows from the B+ line 38 through
windings 46 and 38 and the inductor 51 1o charge capacitor
52 apd returns through capacitor 34 (refer to the time period
designated 1 in FIG. 3}). When the saturable inductor 49
saturates at the end of period I, drive current to the base of
transistor 42 will terminate, causing voltage on the base of
the transistor to drop to the negative volltage stored on the
bias capacitor 58 in a manner to be described, causing this
transistor to become non-conductive. As shown in FIG. 3c,
curreni-flow in transistor 43 terminates at the end of period
L

Because the current through inductor 51 cannot change
instantaneously, cwrent will How from the B- bus 39
through capacitor 68, causing the voltage at midpoint line 44
lo drop to —160 volis (period II in FIG. 3). The capacitor 68
Testrains the rate of voltage change across the collecior and
emitter ierminals of iransistor 42. The current through the
inductor 31 reaches its maximwm value when the voliage al
the midpoint line 44 is zero. During period 1, the current
will conlinve to flow through indeclor 51 but will be
supphed from the B- bus through the shunt diode 67. It will
be appreciated that during the latter half of period H and all
of period II1, posilive current is being drawn [rom a negative
voltage; which, in reality, means that energy is being
returned to the pawer supply through a path of relatively low
impedance.

When the inductor cwrrent reaches zero at lhe start of
pericd 1V, ihe current through the primary winding 46 of the
salurable inductor 47 will cause a current to flow out of ils
secondary winding 54 to cause transistor 43 to become
conduciive, thereby causing a reversal in the direction of
current through inductor 51 and capacitor 52. When frans-
former 47 saturates at the end of period IV, the drive current
to the base of iransistor 43 ferminates apd the current
through inductor 51 will be supplied through capacitor 68,
causing the vollage al midpoint Ene 44 to rise (period V).
‘When the voliage at the midpoint line M reaches 160 volts,
the current will then flow through shunt diode 66 (period
VI). The cycle is then repeated.

As seen in FIG. 3, saturable transformers 47, 49 provide
Iransistor drive eurrent only after the current through indue-
tor 51 has diminished 1o zero. Further, the transistor drive
current 1s terminated before the current through inductor 51
has reached its maximum amplilnde. This coordination of
base drive current and induclor current is achieved because
of the series-connection between the inductor 51 and the
primary windings 46, 48 of saturable transformers 47, 49,
respectively.
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The series-connected combination of Lhe indactor 51 and
the capacitor 52 is energized vpon ibe alternale conduction
of transistors 42 and 43. With a large value of capacitance of
capaciior 52, very lifle voltage will be developed across its
terminals. As the value of this capacitance is decreased,
however, the voltage across this capacitor will ipcrease. As
the value of the capacitor 52 is reduced to achieve resonance
with the inductor 51, the voliage on the capacitor will rise
and become infinite in a loss-free circuit operating under
ideai conditions.

Tt has heen found desirable to regulate the transistor
inversion frequency, determined mainly by the saturalicn
time of the saturable inductors 47, 49, 1o be equel 1o or
higher than the natural resonance frequency of the inductor
and capacitor combination in order to provide a high voliage
output lo exiernal load 26. A high voltage across capacitor
52 is efficiently developed as lhe transistor inversion [re-
quency approaches the matnral resonant frequency of the
inductor 51 apd capacitor 52 combination. Stated another
way, the conduclion period of gach Iransislor is desirably
shorier in duration than one guarter of the full period
corresponding to the natural resonant frequency of ihe
indueior and capacitor combination. When the inverter 24 is
used with a self-ballasted gas discharge lamp unil, it has
been found that the inversicn frequency cap be al leasl equal
to the natural resonant frequency of the tank circujt. If the
capacilance value of capacitor 52 is reduced stll further
beyond the resomance poinl, npacceplably high lransistor
currents wilt be experienced during transistor switching and
trapsistor burn-out will occur.

It will be appreciated that the sizing of capacitor 52 is
determined by the application of the inverter circuit 24.
Varjation in the values of the capacitor 52 and the mductor
51 will determine Lhe voltages developed in the inductor-
capacitor tank circuit. The external load 26 may be con-
necled in circuil wilth the inductor 51 (by 2 winding on the
inductor, for example) and the capacitor may be omitted
entirely. If the combined circuit loading of the inductor 51
and the extemnal load 26 has an eifective inductance of vaiue
sufficient to effect periodic energy storage for self-sustained
transistor inversion, the current feedback provided by the
saturable inductors 47,49 will effecl alleraie fransistor
conduction without the need for additional voliage feedback.
When the capacilor 52 is omilled, the power supply 23
provides a direct electrical connection between ope of the
AC power input lines and the inverter load circit.

Because the voltages across transistors 42, 43 are rela-
tively low (due to the effect of capacitors 34, 36), the
hall-bridge inverler 24 is very reliable. The absence of
switching transients minimizes the possibility of transistor
bum-out.

The inverler circuit 24 compriscs means for supplying
reverse bias to the conducting transistor upon saturation of
its associated saturable inductor.- For this purpose, the
capacitors 56 and 57 arc charged to negalive voltages as a
resull of resel enrrent Bowing inlo secondary windings 53,
54 from the bases of transistors 42, 43, respectively. This
reverse current rapidly tums off a conducting transistor 1o
increase its swiiching speed and to achieve inverter circuil
efficiency in a2 manner described more fully in my
co-pending U.S. patent application Ser. No. 103,624 filed
Dee, 14, 1979 and entitled “Bias Control for High Efficiency
Inverter Circuit” (mow U.S. Pat. No. 4,307,353). The mare
negative the vollage on the bias capacitors 56 and 57, the
more rapidly charges are swept out of the bases of their
associated trapsisiors upon transistor tuim-off.

‘When a transistor base-cmitter junchion is reversely
biased, it exhibits the characteristics of a Zener diode having
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a reverse breakdown vollage on the order of 8 1o 14 Volt for
transistors typically used in high-voltage inverters. As an
alternative, to provide a negative voltage smaller in magni-
tude on the base lead of typical trapsistor 42 during reset
operation, the optional diode 6% and Zener diode 62 com-
bination can be used. For large values of the bias capacitor
56, the base voltage will be substantially constant.

If the load 26 comprises a gas discharge lamp, the voltage
across the capacitor 52 will be reduced once Lhe lamp is
ignited to prevent voltages on the inductor 51 and the
capacilor 52 from reaching destruciive fevels. Such a lamp
provides an initial time delay during which a high voliage,
sujlable for instant starting, is available.

FIG. 5 illusirates the use of an alternate load 26' adapted
for plug-in connection to an inverter civcuil such as shown
in FIG. 2. The load 26’ consisls of a gas discharge lamp 71
having electrodes 72, 73 and connected in series with a
capacitor 74. The combination of lamp 71 and capacitor 74
is connected in parallel with a capacitor 52' which serves the
same purpose as capacitor 52 in the FIG. 2 circuit. However,
when the load 26" is unplugged from the circuit, the inverter
stops oscillating and the development of high voltages in the
inverler is prevented. The fact thal mo high voltages are
generated by the eircuit if the lamp is disconnected while the
circuit is oscillating is important for safety reasons.

FIG. 6 illustrates a capacitor 52" connected in series with
an inductor 517 through a heater 81 suitable for heating the
toroidat inductors 47, 49 in accordance with the level of
output. The load 26" is connected across the serles combi-
nation of the capacitor 52" and the toroid heater. The heater
81 is preferably designed to controllably heat the toroidal
saturable induclors in order to decrease their saturation flux
limit and hence their saturation time. The result is to
decrease the periedic transistor conduction time and thereby
increase the trapsistor inversior frequency. When a
frequency-dependent impedance means, that is, an inductor
or a capacitor, is comnecled in circuit with the AC vollage
cutput of the inverter, change in the transistor inversion
frequency will modify the impedance of the frequency-
dependent impdance means and correspondingly modily the
inverter owtput, Thus as the fevel of the output increases, the
toroid heater 81 is correspondingly enmergized to effect
[eedback regrlation of Lhe outpul. Further, transistors 42, 43
of the type used in high veltage inverters dissipate heat
during periedic iransistor conduction. As an alternative, the
toroid heater 81 can use this heat for feedback regulation of
the output or control of the temperature of transistors 42, 43.

The frequency dependent impedance means may alsoc be
uwsed in a circuil 1o enmergize a gas discharge lamp at
adjustable #ilumination levels. Adjustment in the inversion
frequency of transisiors 42, 43 results in control of Lhe
magnitude of the AC current supplied to the lamp. This is
preferably accomplished where saturable inductors 47, 4%
have adjustable flux densities for control of their saturation
fime-

FIG. 7 schematically illustrates an alterpate form of
inverter circuil, shown without the AC to DC power supply
conneclions for simplification. In this Figure, the transistors
are connected In parallel rather than in series but the
operation is essentially the same as previously described.

In particular, this circuit comprises a pair of alternately
conducting transisiors 91, 92. The emitter terminals of the
tramsistors are connected 10 2 B— line 93. A B+ lead 94 is
connecled to the center-tap of a transformer 96. In order to
provide drive current 1o the transistors 91, 92 for control of
their conduction frequency, saturable inductors 97, 98 have
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secondary windings 99, 101, respectively, each secondary
winding havibg one end comnecied to the base of Us asso-
crated transistor; the other ends are connecied to a commaon
terminal 102, One end of transformer 96 Is connected to ihe
collector of transistor 91 through a winding 163 on inductor
98 in turn connected in serics with a winding 104 on
inductor 7. Likewise, the other end of transformer 96 is
connected fo the collector of transistor 92 through a winding
106 on tnductor 97 in series with apother winding 107 on
inductor 98.

The B+ terminal is connecled Lo termipal 102 through a
bias resistor 108, A bias capacitor 109 connects terminal 102
to the B— lead 93. This resistor and capacitor serve the same
fupction as resistors 38, 59 and capacitors 56, 57 in the FIG.
2 circuit.

The bases of transislors 91, 92 are connected by diodes
111, 112, respectively, to a common Zener dicde 113 in rn
connected to the B~ Iead 93. The common Zener drode 113
serves lhe same [unction as individual Zener diodes 62, 64
in FIG. 2.

Shunt diodes 114, 116 are connected across the collector-
emilter terminals of lransistors 91, 92, respeclively. A
capacitor 117 connecting the colleciors of iransistors 91, 92
restrains the rate of voltage rise on the collectors in a manner
similar to the collector-cmitter capacitor 68 in FIG., 2.

Inductive-capacitive loading of the FIG. 7 inverter is
accomplished by a capacitor 118 connected in series with
with an inductor 119, the combination being connected
across the collectors of the transistors 91, 92, A load 121 15
cennecied across the capacitor 118.

FIG. 8 illustrales how an inverter loaded with a series
capacitor 122 and inductor 123 can be used 1o energize a
“rapid-siart” Anorescent lamp 124 (the details of the inverter
circuit being omitted for simplication). The lasnp 124 has a
pair of calhodes 126, 127 connecled across the capacilor 122
for supply of operating voltage ip a manner identical to that
previously descnibed. In addition, the induector 123 com-
prises a pair of magnelically-coupled auxiliary windings
128, 129 for electrically heating the cathodes 126, 127,
respeciively. A small capacitor 131 is connected in series
with famp 124.

FIG. 9 illustrales the very same circuil arrangement as that
of FIG. 8 except that the auxiliary windings 128, 129 arc
only leesely coupled to the inductor 123, thereby providing
[or a manifesi limilation cn lhe amount of current thal can
be drawn from ezch auxiliary winding in case it were 10 be
accidentally short-circuited.

FIG. 10 also illustrates the very same circuit arrangement
as Lhat of FIG. 8 cxcepi ibat the cathodes 126, 127 arc
connecled with their respective anxiliary windings 128, 129
by way of nonlinear current-limiting means 132 and 133,
respectively.

In FIG. 10, the non-lincar current-limiting means 132,
133 are shown as being two (small) incandescent lamps.
However, other types of non-linear resistance means could
be used as weil.

Both the FIG. 9 circuit and the FIG. 10 circuil serve the
same basic purposs; which is that of preventing damage to
the hallast circnil (such as that if FIG. 2) in case the leads
used for connecting o one of the lamp cathodes 126, 127
were [0 be accidentally shorled. This damage prevention is
accomplished by providing for manifest Yrnitation of the
maximum amount of current that can be drawn from each
one of lhe auxiliary windings 128, 129. In the circuit of F1G.
9, this manifest Hmitation is accomplished by having the
auxiliary windings 128, 129 couple sufficienily loosely 1o
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the main inductor 123—such as by providing a magnetic
shunt between inductor 123 and the auxiliary windings—
thereby correspondingly limiting the degree of impact
resulling from an accidenta] shorl cirenit. Such a short
circuit would resuli in a net reduction in the effective
inductance value of the tank inductor 123; which net reduc-
tion in inductance may in turn cause a precipitous increase
in the magnitude of the reactive current drawn from the
mverter by the seriesconnected inductor 123 and capacitor
122, thereby causing damage 10 the inverter.

Additional Explanations and Comimenis

(a) With reference to FIGS. 2 and 5, adjustment of the
amount of power supplied 1o Ioad 26', and thereby ihe
amobni of light provided by lamp 71, may be accowplished
by applying a voltage of adjustable magnitude to Input
terminals IP1 and IP2 of the Toroid Heater: which is
thermally coupled with the toroidal ferrile cores of saturable
transformers 47, 49.

{b) With commonly available componenls, inverler circuit
24 of ¥IG. 2 can be made 1o operale efficiently al any
frequency between a few kHz 1o perhaps as high as 50 kl1z.
However, for various well-known reasons {i.e., eliminating
audible noise, minimizing physical size, and maximizing
efficiency), the frequency actually chosen is i the range of
20 to 40 kHz.

(c) The fluorescent lighting unit of FIG. 1 could be made
in such mapper as to permil fluorescent famp 11 fo be
disconneclable from its base 12 and ballasting means 16..
However, if powered with normal line voltage without its
famp load connected, frequency-converting power supply
and ballasting circuit 16 is apl 1o self-desiruct.

To avoid such self-destruction, arrangements can readily
be made whereby ihe very act of removing the load auto-
matically esiablishes a silvation that prevents the possible
destrction of the power supply and ballasiing means. For
instance, with the tank capacitor {52) being permancmily
connecied wilh the lamp load (J1}—thereby automatically
being removed whenever the lamp is removed—the inverier
circuit is protected from self-destruction.

(d) At frequencies above a few kIz, the load represenied
by a fivorescent lamp—once it is ignited—is substantially
resistive. Thus, with the voltage across lamp 11 being of a
substantially sinusoidal waveform (as indicated in FIG. 3d),
the current through the lamp will also be substantially
sinusoidal in waveshape.

(&) In the fluorescent lamp unit of FIG. 1, fluorescent lamp
11 is connected with power supply and baliasting cireuit 16
in the exact same manner as is load 26 counected with the
cirenil of FIG. 2. That is, it is connected in parallel with the
tank capacitor (52) of the L-C scries-resonani cireuit. As is
cooventional in instant-siarl [uorescenl lamps—such as
lamp 11 of FIG. 1—he two terminals from each cathede are
shorted together, thereby to constitute 2 situation where each
cathode effectively is represented by only a single terminal.
However, 1l is not necessary that the two terminals from each
cathode be shorted together; tn which case—for instapi-start
operation—connection from a lamp’s power supply and
ballasiing means need only be made with one of the termi-
nals of each cathode.

() with respect 10 the cirenit arrangement of FIG. 9, in
sitnagions where fhe tank inductor 123 includes a ferrite
magnelic core having an air gap, one pasticularly cosi-
effective way of accomplishing the indicated loose coupling
berween the tank inductor 123 and the auxiliary windings

5 128,129 is that of arranging for the avxiliary windings 1o be

placed in the air gap in such a manner that they each couple
only with part of the magnetic flux crossing the air gap.
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(g) in FIG. 1, the compact screw-in fluorescent lamp has
a longitudinal central axis penetrating through the center of
the bottom of base 19 (i.e., al the point where lead 18 is
connecied), passing up centrally between the two legs of
lamp 11, and emerging at the center of (he very top of lamp
11.

() In F1G. 1, as a skilled ariisan would perceive by direct
imspection, the visible parls are drawn to scale, Thus, for
instapce:

{1) the height and width (ie., diameter) of screw-base 19
are in proper proportion o those of an actual screw-
base on an ordinary household incandescent lamp;

(i) the diameler of the individual straight legs of the
folded fluorescent lamp 11 ar¢ shown in proportion to
the diameter of the screw-basc;

(iii) the dizmeter of the bent poriion connecting Lhe top
parts of the two straight lamp legs is shown in proper
proportion to the diamester of the lamp legs; and

(iv) the distance belween the two straight lamp legs is
shown in proper proporiion to the diameter of thosc
lamp legs.

Of course, for a screw-in ffrorescent lamp to have manxi-
mum utility, it s imperative that it has dimensions suffi-
ciently compact to permit it to be conveniently used in most
places where an incandescent lamp would ordinarly be
used. Thus, it is importani that its maximum diameter not be
any larger than those of an ordinary household incandescent
lamp (whose maximum diameter is lypically about rwice
that of ils screw-base). The screw-in fluorescent lamp
depicted in FIG. 1 clearly salisfies those requirements.

‘Whal is claimed is:

1. An arrangement comprising:

a screw-base inseried into and held by a lamp socket
adapted 1o accept and hold an ordinary household
incandescent Light bulb; the screw-base having base
terminals and being otherwise characterized by having
a cenfral screw-base axis around which the outer
boundary of the screw-base forms an approximately
cylindrical surface; the lamp socket having socket
lerminals al which is provided AC power line voltage
such 2s that nommally provided from an crdinary €lec-
tric utility power line;

a fluorescent lamp having lamp terminals; the fluorescent
lamp being characterized by including at least two
straight cylindrical light-emitting glass-enclosed sec-
tions disposed parallel to each other as well as to a
central lamp axis; a lamp terminal being disposed ai
one end of each of the two straight cylindrical light-
emitting glass-enclosed sections; the other ends of the
two straight cylindrical light-emitting glass-enclosed
sections being connected fogether via a transversely
disposed light-emitting glass-enclosed section; said
transversely disposed section being of 2 maximum

dimension subslanlially no longer than just sufficient to s

reach between said other ends;

electronic sub-assembly having power inpul termipals
connected with the base terminals and power output
terminals copnected with the lamp lermepals; the sub-
assembly being operative, whenever supplied with AC
power line voltage at its power input terminais, to
supply an alterpating lamp current to the lamp termi-
nals; ibe alternating lamp current being of frequency
distinetly higher than that of the AC power line vollage;
the sub-assembly being additionally characterized by
not including a transformer having a primary winding
connected across the power inpul terminals; the elec-
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Ironic sub-assembly being further characterized by
including two lerminals across which exisis a DC
voltage having 2 substanlially constant absohite mag-
nitude that is distinctly higher than the peak absolute
magnitude of the AC power line voltage; and

struclure means operative (o bold together the screw-base,
the fluorescent lamp, and the ¢lectronic sub-assembly,
thereby to form an integral screw-in lamp structure
characterized by having an overall longitudinal axis
parallel with the central screw-base axis as well as with
the central lamp axis.

2. An arrangement comprising:

a screw-base inserfed into and held by a lamp socket
adapted to accept and hold an ordinary houschold
incandescent light bulb; the screw-base having base
terminals and being otherwise characterized by having
a ceniral screw-base axis around which the outer
boundary of the screw-base forms an approximately
cylindrical surface; the lamp socket having socket
terminals ai which is provided AC power line voltage
such as that normally provided from an ordinary elec-
tric utility power kne;

a fluorescent lamp baving lamp terminals; the fluorescent
tamp being characterized by including at least tao
siraight cylindrical Hght-emitting glass-enclosed sec-
tions disposed parallel to each oiher as well as 1o a
central lamp axis; a lamp termiinal being disposed at
one end of each of the two straight cylindrical Light-
emilting glass-enclosed sections; the other ends of the
two straight cylindrical light-emitting glass-enclosed
sections being connected together via a transversely
disposed light-emitting glass-enclosed section; said
transversely disposed section being of a maximum
dimension substantially no longer than just sufficient to
reach between said olher ends;

electronic sub-assembly having power input terminals
connected with the base terminals and power output
lerminals connecled with the lamp lerminals; the sub-
assembly being operalive, whenever supplied with AC
power line vellage at ils power input terminals, 10
supply an alternating lamp current 1o the lamp lermi-
nals; the alternating lamp current being of frequency
distincity higher than thai of the AC power linc voltage;
the sub-assembly being additionally characlerized by
nol including a transformer having a primary winding
connected across the power input terminals; the clec-
lzonic sub-assembly being further characienized by
including a pair of lerminals across which exists @ DC
voltage and between which are serics-connected iwo
fransistors; the transisiors being characterized by alter-
natingly conducting current; at least one of the trapsis-
tors conducting current in the form of perodic unidi-
rectional current pulses; the perindic wnidirectional
cutrent pulses occurring al a frequency equal to that of
the alternating lamp current; each individual unidirec-
tional current pulse haviog a duration distinetly shorter
than half of a compleic period of the alternating lamp
current; and

slructure means operative to kold together the screw-base,
the fluorescent lamp, and the electronic sub-assembly,
thereby to form an inicgral screw-in lamp slructure
characlerized by having an overall longitudinal axis
parallel with the central screw-base axis as well as with
the ceniral lamp axis.

3. A structure characterized by having a central axis about

which the following elements are assembled:



Case: 1:03-cv-02962 Document #: 1 Filed: 05/02/03 Page 124 of 200 PagelD #:124

US 6,172,464 B1

1

a screw-base operative to screw into 2 lamp socket of a
type usualty used for receiving and holding an ordinary
household incandescent light bulb; the screw-base
being olherwise characterized by having base terminals
and by being disposed symmeirically about the ceniral
axis;

fluorescent lamp having lamp terminals and plural
cylindrical lamp segments disposed apart from, but
parallel 1o, each ether as well as to the central axis; each
of the plural cylindrical lamp segments having a total
length; the fluorescent lamp being fursher characlerized
in that a flat plane disposed perpendicular to the ceniral
axis and imtersecting one of the cylindrical lamp seg-
ments anywhere along its total length creates a cross-

12

frequency of the alternating voltage being distinctly
higher than lhat of the AC power line voltage; the
electronic subassembly being additionally character-
ized by including 2 pair of terminals across which
exists a DC voltage having a substantially constant
ahsolule magnitude that is distincly larger than the
absolute peak magnitude of the AC power line voltage;
and

housing means mounted rigidly on the screw-base and

operative to house the elecironic sub-assembly as well
as 1o ot and support Lhe Auorescent lamp, thereby to
form a fluorescent lamp entity adapied to be screwed
into and powered from a lamp socket at which ordinary
AC power line voltage is provided.

5. A structare characterized by having a ceptral axis about
which the following elements are assembled:
a screw-base operative 10 screw into a lamp socket of a

sectional pattern that (i) is symmetrical with respect fo 13
a flat plane disposed parallel to the central axis, and (ii)
includes nothing bul cross-sections of subslantially

identical cylindrical lamp segments;

an electronic sub-assembly having iopu! terminals and
output terminals; the input terminals being connected
with the base terminals; the outpul terminals heing
connected with the lamp ierminals; the electronic sub-
assembly being operative fo supply an allernating voli-
age ai its outpul terminals provided it be supplied with
an AC power line voltage at its input terminals; the
frequency of the allemating voltage being distinctly
higher than that of the AC power line voliage; the
¢lectronic subassembly being additionally characier-
ized by including a (rabsistor lbrough which Aows
unidirectional current pulses at a periodic rate equal to
that of the alternaling volage; cach current pulse
having a duration distinctly shorter than half of the
complete cvcle of the aliernating voltage; and
housing means mounted rigidly on the screw-base and
operative to house the electronic sub-assembly as well
as to hold and support the fluorescent lamp, thereby 1o
form a Aucrescent lamp entity adapted to be screwed
into and powered from a lamp socket at which ordinary
AC power line voltage is provided.
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type usually used for receiving and holding an ordinary
household incandescent kight bulb; the screw-base
being otherwise characlerized by having base terminals
and by being disposed symmetrically about the central
axis;

flnorescent lamp having lamp terminals and plural
cylindrical lamp segments dispesed apart from, but
parallel to, cach other as well as to the central axis; each
of the plural cylindrical lamp segments having a total
length; the fluorescent lamp being further characterized
in that a flat plane disposed perpendicular 1o the central
axis and intersecting one of the cylindrical lamp scg-
mepts anywhere along its total length creates a cross-
sectional pattern that (i) is symmeltrical with respect 10
a flat plame disposed paraliel to the ceniral axis, and (ii)
includes nothing but cross-sections of substantially
identical cylindrical lamp segments;

an electronic sub-assembly having input temminals and

ouipul ferminals, 1he input terminals being conpected
with the base terminels; the oulput terminals being
comnecled with the lamp terminals; the electronic sub-
assembly being operative 1o supply an aliernating volt-

4. A structure characterized by having 2 central axis about
which the following clements are assembled:
a screw-base operalive (o screw into a Tamp socket of a

age al its ouiput terminals provided it be supplied wilh
an AC power line vollage al 1is inpul terminals; the
frequency of the alternating vollage being distincily

type usually used for receiving and holding an ordinary
household incandescent light bulb; the screw-base
being otherwise characierized by having base lerminals
and by being disposed symmelrically about the central
axis;

fluorescent lamp having lamp terminals and pharal
cylindrical lamp segments disposed apart from, but
parallel to, each other as well as to the central axis; each
of the plural cylindrical Tamap segments having a total
length; the fluorescent lamp being forther characterized
in that a flat plape disposed perpendicular o the central
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higher than that of the AC power line voltage; the
electronic subassembly being additionally characier-
ized by including a pair of terminals across which (i)
exists a DC voltage, and (ii) are series-connected two
filter capacitors; and

housing means mounted rigidly on the screw-base and

operalive 10 house Lhe electronic sub-assembly as well
as to hold and support the fluorescent lamp, thereby to
forrn a fluorescent lamp entity adapted w be screwed
into and powered from a lamp socket at which ordinary
AC power line voltage is provided.

axis and intersecting one of the cylindrical larup seg- s5
ments anywhere along its total length creaies a cross-
sectional pattern that (1} is symmetrical with respect 10

6. A structure characterized by having a ceniral axis about
which the following elements are assernbled:

a screw-base operafive to screw into a lamp socket of a

a flat plane disposed parallel to the central axis, and (if)
inchides nothing but cross-sections of substantially
identical cylindrical lamp segments;

an eleclronic sub-assembly having input terminals and
output terminals; the input terminals being connected
with the base ferminals; the ouwtpul termninals being
comnected with the lamp lerminals; the electronic sub-
assembly being operative to supply an alternating voli-
age at 1ts output terminals provided it be supplied with
an AC power hine voltage at its input lerminals; the

80

type usually used for receiving and holding an ordinary
kousehold incandescent light bulb; the screw-base
being otherwise characterized by having base terminals
and by being disposed symmeltrically about the ceniral
axis;

fluorescent lamp having lamp terminals and plural
cylindrical lamp segments disposed apart from, but
parallel to, each other as well as to the ceniral axis; each
of the plural cylindrical lamp segments having a total
Iengih; the flworescent lamp being further characterized
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in that a flat plane disposed perpendicular to the central
axis and intersecting one of the cylindrical lamp seg-
ments anywhere along its toial lengih creates a cross-
sectional patlern that (i) is symmetrical with respect to
a flat plane disposed parallel o the central axis, and (ii)
includes nothing but cross-sections of substantially
identical cylindrical lamp segments;

an elecironic sub-assembly having fmput terminals and

output termirals; the input terminals being conmecled
with the base terminals; the ouwiput terminals being
connected with the lamp lerminals; the electronic sub-
assembly being operative to supply an aliernating volt-
age al its output terminals provided it be supplied with
an AC power line voltage at its input terminals; the
frequency of the alternating voltage being distinctly
higher than that of the AC power hine voltage; the

(1%
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electropic subassembly being additionally character-
ized by including a voltage-donbling rectifier asserbly
conmected wilh the base terminals as well as with a pair
of DC terminals across which exists a DC volfage of
substantially constant magnitude; which substantially
constant magnitude is distincily higher than the peak
absoltr magnitude of the AC power line voltage; and

housing means mounted rigidly on the screw-base and

aperative to house the electronic sub-assembly as well
as to hold and support the fluorescent tamp, ihereby to
formn a Avorescent lamp entily adzpted w be screwed
inlo and powered [rom a lamp sockel al which ordinary
AC power line voltage is pravided.

R .
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ELECTRONIC BALLAST CATHODE
HEATING CIRCUIT

RELATED APPLICATIONS

The present application is a Continuation of Ser. No.
08/394,251 filed Feb. 24, 1995 now U.S. Pat. No. 6,172,454;
which i1s a Continuation-io-Part of Ser. No. 07/579,569 filed
Sep. 10, 1990, now abandoned; which is a Centinuation-in-
Part of Ser. No. 06/787,692 filed Oct. 15, 1983 now aban-
doned; which is a Conlinuation of Ser. No. 06/644,155 fAled
Aug, 27, 1984, now 2bandoned; which is a Continuation of
Ser. No. 06/555,426 filed Nov. 23, 1983, now abandoned;
which is a Conlinuation of Ser. No. 06/178,107 filed Aug.
14, 1980, now abandoned.

BACKGROUND OF INVENTION

1. Field of Invention

This invention relates to electronic ballasts for rapid-start
fluorescent famps, particularly where the lamps zre powered
via a series-resopant LC circuif.

2. Description of Prior At

For a description of pertinent prior art, reference is made

to U.S. Pat. No. 4,677,345 to Nilssen; which patent issued ,

from a Division of application Ser. No. 06/178,107 filed
Aug. 14, 1980; which application is (he original progenitor
of instant application.

OQtherwise, reference is made to the following U.S. Pat.
Nos. 3,263,122 to Genuit; U.S. Pat. No. 3,320,510 to Lock-
lair; U.S. Pat. No. 3,896,493 to Davenport et el; U.S. Pat.
No. 4,100,476 to Ghiringhelli; U.S. Pat. No. 4,262,327 10
Kovacik et zl.; U.S. Pat. No. 4,370,600 to Zansky; U.S. Pat.
No. 4,634,932 to Nilssen; and U.S. Pat. No. 4,857,806 to
Nilssen.

SUMMARY OF THE INVENTION

Objects of the Invention

Objects of the present invention are those of providing for
cost-effective electronic ballasts as well as compact serew-in
flucrescent lamps.

This as well as other objects, features and advantages of
the present invention will become apparent from the fol-
lowing description and c¢laims.

Brief Description

The present invention is directed to providing improved

inverter ¢ircuits for powering and controlling gas discharge 5

lamps. The inverter circuits according to the present inven-
tion are highly efficient, can be compactly construcied and
are ideally suited for energizing gas discharge lamps, par-
ticularly “Instant-start” and “self-ballasted” fluorescent
lamps.

According to one form of the pressnt invention, a series-
connected combination of an inductor and a capacitor is
provided in cireuit with the inverter transistors to be ener-
gized upon periodic transistor conduction. Transistor drive
current is preferably provided through the use of at least one
salurable inductor to control the lrapsistor inversion fre-
quency (o be equal to or grealer than the nature resonant
frequency of the induclor and capacitor combination. The
high vollages efficiently developed by loading the inverier
with the inductor and capacitor are ideally suited for ener-
gizing cxternal loads such as gas discharge lamps. In such an
application, the use of an adjustable inductor permils control
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of the inverler output as a means of adjusting the level of
lamp illumination,

According © another imporfani form of the present
invention, reliable and highly efficient half-bridge inverters
include a saturable inductor in a corrent feedback circuit 1o
drive the transistors for alternate conduction. The inverters
also include a load having an inductance sufficient to effect
periodic energy storage for self-sustained transistor inver-
sion. Importantly, improved reliability is achieved because
of the relatively low and transieni-free voltages across the
transistors in these half-bridge inverters.

Further, according to another feature of the presemt
invention, novel and econormical power supplies particularly
useful with the disclosed inverter circuits convert conven-
tional AC inpui voltages to DXC for supplying to the invert-
€rs.

Yet further, 2ccording to still another feature of the
invention, a rapid-start Buorescent lamp is powered by way
of a series-resonant LC circuit; while heating power for the
tamp’s cathodes is provided via loosely-coupled auxiliary
windings on the tank inductor eof the LC circuil.
Alternatively, cathode healing power is provided from
tightly-coupled windings on the lank inductor; in which case
output current-limiting is provided via a non-linear resis-
tance means, such as an incandescent filament in a light
bulb, connecled in series with the output of each winding.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a [ront elevation of a folded fluorescent lamp
unit adapted for screw-in insertion into a slandard Ediscn
incandescent sockel;

FIG. 2 is a schematic diagram illustrating Lhe essential
features of a push-pull inverter circuit particularly suilable
for energizing the lamp unit of FIG. 1;

FIG. 3A-3D is a set of waveform diagrams of certain
significant valtages and currents occurring in the circuit of
FIG. 2; .

FIG. 4 is 2 schematic diagram of a DC power supply
connectable to both 120 and 240 volt AC inpuis; '

FIG. 5 is a schematic diagram which illustrates the
connection of a non-self-ballasted gas discharge lamp unit 10
the FIG. 2 inverter circuit;

FIG. 6 is a schematic diagram which iliustrates the use of
a toroid heater for regulation of the inverter outpuy

FIG. 7 is an aliernate form of push-pull inverter circuit
according 1o the present invention;

FIG. 8 is a schematic diagram showing the connection of
a gas discharge lamp of the “rapid-start” type Lo ar inductor-
capacitor-loaded inverter according to the present invenlion;

FIG. 9 is a modification of FIG. 8, showing loosely-
coupled auxiliary windings on the tank inductor; and

FIG. 10 is another modification of FIG. 8, showing
non-linear current-limiting means connected with the owlput
of tightly-coupled auxiliary windings on the tank inductor.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

FIG. 1 itlustrates a screw-in gas discharge lamp unit 10
comprising a folded fluorescent lamp 11 suitably secured 1o
an integral base 12. The lamp comprises two cathodes 13, 14
which are suppiied with the requisite high operating voltage
from a frequency-converting power supply and ballasting
cireuit 16; which, because of its compact size, conveniently
fits within the base 12.
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The inverter circuit 16 is connected by leads 17, 18 to a
screw-type plug 19 adapted for screw-in insertion inio a
standard Edison-type incandescent lamp socket at which
ordinary 120 Voli/60 Hz power line voltage is available. A
ground plane comprising a wire or metallic strip 21 is
disposed adjacent a portion of the fluorescent lamp 11 as a
starting aid. Finally, a manually rotatable ¢xternal knob 22
is connected lo a shaft for mechanical adjustment of the air
gap of a ferrite core inductor to vary the inductance value
thereof in order to effect adjustment of the inverier valtage
autpul connected to electrodes 13, 14 for controlled varia-
tion of the lamp illumination intensity.

With reference o FIG. 2, a power supply 23, connected to
a conventional AC input, provides a DC output for supplying
a high-efficiency inverter circuit 24, The inverter is operable
to provide a high voltage to an external load 26, which may
comprise a gas discharge device such as the fluorescent lamp
11 of FIG. 1.

The power supply 23 comprises bridge rectifier having
four diodes 27, 28, 29 and 31 connectable to 2 240 volt AC
supply at terminals 32, 33. Capacitors 34, 36 are connected
between a ground line 37 (in turn directly connected to the
inverter 24) and to a2 B+ line 38 and a B- line 39, respec-
lively. The power supply 23 also comprises a vollage
doubler and rectifier optionally connectable 1o a 120 volt AC
input laken between the ground line 37 and terminal 33 Or
32. The voliage doubler and rectifier means provides a direct
electrical connection by way of line 37 between one of the
120 volt AC power input lines and the inverter 24, as shown
in FIG. 2. The bridge rectifier and the voltage doubler and
rectificr provide substantially the seme DC output voltage to
the inverter 24 whether the AC ioput is 120 or 240 volts.
Typical voitages are +160 volts on the B+ line 3§ and -160
valis on the B~ line 39.

With additional reference 1o FIG. 4, which shows an
aiternate power supply 23", the AC input, whether 120 or 240
volis, is provided at terminals 32' and 39. Terminal 39 is in
turn connected through a single-pele double-throw selector
switch 41 to terminal 37 (for 120 volt operation) or terminzl
33'(for 240 volt opecation). In all other respects, power
supplies 23 and 23" are identical.

The inverter circuit 24 of FIG. 2 is a half-bridge inverter
comprising transistors 42, 43 connected in series across the
DC voltage output of the power supply 23 on B+ and B-
lines 38 and 39, respectively. The collector of transistor 42
is connected to the B+ line 38, the emitter of transistor 42
and the collector of transistor 43 are connected to a midpoint
line 44 {designaied “M™) and the emitter of transistor 43 is

connected to the B— line 39. The midpoint line 44 is in turn &

connecled to the ground line 37 through primary winding 46
of a2 toroidal saturable core transformer 47, a promary
winding 48 on an jdentical transformer 4%, an inductor 51
and a series-connected capacitor 52. The nductor 51 and
capacitor 52 are energized upon altemate transistor conduc-
lon in a manner to be described later.

An external load 26 is preferably taken off capacitor 52,
as shown in FIG. 2. The inductor $1, preferably a known
ferrile core inductor, has an inductance variable by mechani-
cal adjustment of the air gap in order to effect variation in the
level of the mductor and capacitor voltage and hence the
power available to the load, as will be described. When ihe
load is a gas discharge lamp such as lamp 11 in FIG. 1,
variation in this inductance upon rotation of knob 22 accom-
plishes a lamp dimming efJect.

Drive current 1o the base terminals of transistors 42 and 43
is provided by secondary windings 53, 54 of transformers
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49, 47, respectively. Winding 53 is also connected to mid-
point lead 44 through a bias capacitor 56, while winding 54
is connected (o the B- lead 39 through an identical bias
capacitor 57. The base terminals of transistors 42 and 43 are
also conuected to lines 38 and 44 through bias resistors 5§
and 59, respectively. For a purpose 1o be described later, the
base of transistor 42 can be optionally connected to a diode
61 and a scries Zener diode 64 in turn connected 1o the
midpoint line 44; similarly, a diode 63 and serics Zener
diode 64 in turn comnected to the B- line 3% can be
connected to the base of transistor 43. Shunt diodes 66 and
67 are connected across the collector-emitier terminals of
transisiors 42 and 43, respectively. Finally, a capacitor 68 is
connected across lhe collector-emitter terminals of transisior

5 43 Lo restrain the rate of voltage rise across those terminals,

as will be seen presently.

The operation of the circuit of FIG. 2 can best be
understood with additional reference to FIG. 3, which illus-
trates significant portions of the waveforms of the voltage at
midpoint M (FIG. 3A), the base-emitier voltage on transistor
42 (FIG. 3B), the current through transistor 42 (FIG. 3C),
and the capacitor 52 vollage and the inducior 51 current
(FIG. 3D).

Assuming that transistor 42 is first to be triggered into
conduction, current fows from the B+ line 38 throngh
windings 46 and 38 and the inductor 51 to charge capacitor
52 and returns throvgh capacitor 34 (refer 10 the time period
designated I in FIG. 3). When the saturable inductor 49
saturates at the end of period I, drive current o the base of
transistor 42 will terminaie, causing volfage on the base of
the transistor to drop to the negative voltage stored on the
bias capacitor 56 in 2 manoer 1o be described, causing this
transistor to become non-conductive. As shown in FIG. 3C,
current-flow in transistor 43 terminates at the end of period

L

Because the current through inductor 51 cannot change
instantaneously, current will flow from the B— bus 39
through capacitor 68, causing the voltage al midpoint line 44
to drop te -160 volts (period IT in FIG. 3). The capacitor 68
restrains the rate of voltage change across the collector and
emitter lerminals of transisior 42. The current through the
inductor 51 reaches its maximum value when the voltage at
the midpoint line 44 is zero. During period II1, the current
will coniinue to flow through inductor 51 but will be
stpplied from the B— bus through the shunt diods 67. It will
be apprecialed that during the latler half of period IT and all
of period I11, positive current is being drawn from a negative
voliage, which, in reality, means that energy is being
reterned to the power supply through a path of relatively low
impedance.

When the inducior current reaches zero at the start of
period 1V, the current through the primary winding 46 of the
saturable inductor 47 will canse a current to flow out of its
sccondary winding 54 fo cause iransistor 43 to become
conductive, thereby causing a reversal in the direciion of
current through inductor 51 and capacitor 52. When trans-
former 47 saturates at the end of period 1V, the drive current
w the base of transisior 43 terminales and the current
through inductor 51 will be supplied through capacilor 68,
causing the voliage al midpoint line 44 (o rise (period V).
When the voltage at the midpoint line M reaches 160 volts,
the current will then flow through shunt diode 66 (period
VI). The cycle is ihen repealed.

As seen in FIG. 3, saturable transformers 47, 49 provide
transistor drive current only after the current through induc-
tor 51 has diminished to zero. Further, the transislor drive
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current is terminated before the current through inductor 51
has reached its maximum amplitnde. This coordination of
base drive current and inductor current is achieved because
of the series-connection between the inductor 51 and the
primary windings 46, 48 of saturable transformers 47, 49,
respectively.

The series-connected combination of the inductor 51 and
the capacitor 52 is enefgized upon the alternate conduction
of transistors 42 and 43. With a large value of capacifance of
capacitor 52, very little voltage will be developed across its
terminals. As the value of this capacitance is decreased,
however, the voltage across this capacitor will increase. As
the value of the capacitor 32 is reduced to achieve resonance
with the inductor 51, the voliage on the capacitor will rise
and become infinite in a loss-free circuit operating under
ideal conditions.

It has been found desirable to regulate the transistor
inversion frequency, determined maijaly by the saturation
time of the saturable inductors 47, 49, to be equal io or
higher than the natural resonance freguency of the inductor
and capaciior combination in order 10 provide a high voltage
output to external load 26. A high voltage across capacitor
52 is efficiently developed as the (ransistor inversion fre-
quency approaches the natural resonant frequency of the
inductor 51 and capacitor 52 combination. Stated another
way, the conduction period of sach transistor is desirably
shorter in duration than one quarter of the full period
corresponding to the natural resonant frequency of the
inductor and capacitor combination. When the inverter 24 is
used with a self-ballasted gas discharge lamp unit, it has
been [ound that the inversion frequency can be at least equal
lo the natural resonant frequency of the tank circuit. If the
capacitance value of capacitor 52 is reduced still further
bevond the resonance point, unacceptably high transistor
currents will be experienced during transistor switching and
transistor burn-out will occur,

It will be appreciated that the sizing of capacitor 52 is
determined by the application of the inverter circuit 24.
Variation in the values of the capacitor 52 and the inductor
51 will determine the voltages developed in the inductor-
capacitor tank circuit. The external load 26 may be con-
nected in cirenil with the inducter 51 (by a winding on the
induecter, for example) and the capacitor may be omitted
entirely. If the combined circuit loading of the inductor 51
and the external load 26 has an effective inductance of value
sufficient to effect periodic energy storage for self-sustained
transistor inversion, the current feedback provided by (he
saturable inductors 47,49 will effect alternate fransistor
conduction without the need for additional voltage feedback.
When the capacitor 52 is omilted, the power supply 23
provides a direct electrical conneclion between ore of the
AC power input lines and the inverter load circuit.

Because the voltages across iraosistors 42, 43 are rela-
tively low (due to the effect of capacitors 34, 36), the
half-bridge inverter 24 is very reliable. The absence of
swilching (ransients minimizes the possibility of transistor
buro-oul.

The inverter circrit 24 comprises means for supplying
reverse bias to the conducting transistor upon saturation of
its associated saturable inductor. For this purpose, the
capacitors 56 agd 57 are charged to negative vollages as a
result of reset current flowing into secondary windings 53,
54 from lhe bases of transistors 42, 43, respectively. This
reverse current rapidly mems off a conducting transistor to
increase its swilching speed znd to achieve inverter circuil
efficiency in a manner described more Fuily in my
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co-pending U.S. patent application Ser. No. 103,624 filed
Dec. 14, 1979 and entitled “Bias Control for High Efficiency
Inverter Circuit” (now U.S. Pat. No. 4,307,353). The more
negative the voltage on the bias capacitors 56 and 57, the
more rapidly charges are swept oul of the bases of their
assaciated transistors wpon transistor urn-off.

When a transistor base-emiiter junctionm is reversely
biased, it exhibits the characteristics of a Zener diode having
a reverse breakdown voltage or the order of 8 to 14 VoIt for
transistors typically used in high-voliage inverters. As an
alternative, to provide a negative voltage smaller fn magni-
tude on the base lead of typical transistor 42 during reset
operation, the optional diode 61 and Zener diode 62 com-
bination can be used. For large values of the bias capacitor
56, the base voltage will be substantially constant.

If the load 26 comprises a gas discharge lamp, the voltage
across the capacitor 52 will be reduced once the lamp is
ignited to preveni voltages on the inductor 51 and the
capacitor 52 from reaching destnuctive levels. Such a lamp
provides an initial time delay during which a high voltage,
suitable for instant starting, is available.

FIG. 5 illustrates the usc of an alternaic load 26' adapted
for plug-in connection lo an inverter circuil such as shown

. in FIG. 2. The load 2¢' consists of a gas discharge lamp 71

having electrodes 72, 73 and comnected in series with a
capacitor 74. The combination of lamp 71 and capacitor 74
is connected in parallel with a capacitor 52" which serves the
same purpose as capacitor 52 in the FIG. 2 circuit. However,
when the Joad 26' is unplugged from the circuit, the inverter
stops oscillating and the development of high voltages in the
inverter 15 prevented. The fact that no high voltages are
generated by the circuit if the lamp is disconnected while the
circuit is oscillating is important for safety reasons.

FIG. 6 illustrates a capacilor 527 connected jn series with
ap inductor 51" (hrough a heater 81 suitable for heating the
toroidal inductors 47, 49 in accordance with the level of
output. The load 26" is connected across the sedes combi-
nation of the capacitor 52* and the toroid heater. The heater
81 is preferably designed to controllably heat the toroidal
saturable inductors in order to decrease their saturation Hux
limit and hence their saluration time. The resull is to
decrease the periodic transistor conduction time and thereby
increase the tramsistor inversion frequency. When a
frequency-dependen: impedance means, that is, an inductor
or a capacitor, is connected in circuit with the-AC voltage
output of the inverter, change im the transistor inversion
frequency will modify the impedance of the frequency-
dependent impdance means and comrespondingly maodify the
inverter output. Thus as the level of the output increases, the
toroid beater 81 is correspondingly energized 1o effect
feedback regulation of the output. Further, transistors 42, 43
of the type used in high voliage inverters dissipate heat
during periodic transistor conduction. As an alternative, the
toroid healer 81 can use this heat for feedback regulation of
the output or cortrol of the temperature of transistars 42, 43.

The frequency dependent impedance means may also be
used ip a cireunit to energize 2 gas discharge lamp at
adjustable illumination levels. Adjustment in the inversion
frequency of transistors 42, 43 results in contrel of the
magnitude of the AC current supplied to the lamp. This is
preferably accomplished where saturable inductors 47, 49
have adjustable flux denpsities for control of their saturation
time.

FIG. 7 schematically illustrates an alternate form of
inverter cireuit, shown without the AC to DC power supply
connections for simplification. In this Figure, the (ransistors
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are connected In parallel cather than in series but the
operation is essentially the same as previously described,

In particular, this circuit comprises a pair of alternately
conducting transistors 91, 92, The emitter terminals of (he
transistors are connected to a2 B- line 93. A B+ lead 94 is
connected to the center-tap of a iransformer 96, In order o
provide drive current to the transistors 91, 92 for control of
their conduction frequency, saturable inductors 97, 98 have
sccondary windings 99, 10, respectively, each secondary
winding having one end connected 1o the base of its asso-
ciated transistor; the other ends are connected to a common
terminal 102. One end of transformer 96 is connected to the
collector of trapsistor 91 through a winding 103 on inductor
98 In turn connected 1o series with a winding 104 on
inductor 97. Likewise, the other end of trapsformer 96 is
connected to the collector of transistor 92 through a winding
106 on inductor 97 io seres with another winding 107 on
inductor 98.

The B+ terminal is connected to terminal 102 through a
bias resistor 108. A bias capacitor 109 connects terminal 102
10 the B lead 93. This resistor and capacitor serve the same
function as resistors 58, 59 and capacitors 56, 57 in the FIG.
2 circuit.

The bases of iransistors 91, 92 are connected by diodes
111, 112, respectively, to 2 common Zener diode 113 in (uwrn
connected to the B- lead 93, The common Zener diode 113
serves the same function as individual Zener diodes 62, 64
m FIG. 2.

Shunt diodes 114, 116 are connected across the collector-
emitter terminals of trapnsistors 91, 92, respeciively. A
capacitor 117 connecting the collectors of transistors 91, 92
restrains the rate of voltage rise on the collectors in a manner
similar to the collector-emitter capacitor 68 in FIG. 2.

Inductive-capacitive loading of the FIG. 7 inverter is
accormnplished by a capacitor 118 connected in series with an
inductor 119, the combinalion being connected across the
collectors of the transistors 91, 92. A load 121 is connected
across the capacitor 118.

FIG. 8 illusirates how an inverter loaded with a series
capacitor 122 and inductor 123 can be used to energize a
“rapid-start” fluorescent Jamp 124 (the details of the inverter
circuit being omirted for simplication). The lamp 124 has a
pair of cathodes 126, 127 connected across the capacitor 122
for supply of operating voltage in a manner identical to that
previously described. In addition, the inductor 123 com-
prises a pair of mapnetically-coupled auxiliary windings
128, 129 for electrically heating the cathodes 126, 127,
respectively. A small capacitor 131 is connected in series
with lamp 124.

FIG. 9 illustrates the very same circuit arrangement as that
of FIG. 8 except that the auxiliary windings 128, 129 are
anly loosely coupled to the inductor 123, thereby providing
for a manifest himitalion on the ameounl of current thal can
be drawn from each auxiliary winding in case it were 1o be
accidentally short-circuited.

FIG. 10 also illustrates the very same circuit arrangement
as thal of FIG. 8 except that the caihodes 126, 127 are
connected with their respective auxiliary windings 128, 129
by way of non-linear current-limiting means 132 and 133,
respectively.

In FIG. 10, the non-linear cumrent-limiting means 132,
133 are shown as being two (small) incandescent lamps.
However, other types of non-linear resisiance means could
be used as well.

Both the FIG. 9 cirenit and the FIG. 10 circuit serve the
same basic purpose; which is that of preventing damage 1o
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the ballast circuit {(such as that if FIG. 2) in case the leads
used for connecting to ome of the lamp cathodes 126, 127
were 10 be accidentally shorted, This damage prevention is
accomplished by providing for manifest Iimitation of the
maximum amount of current that can be drawn from each
one of the auxiliary windings 128, 129. In the circuit of FIG.
9, this manifest limitation is accomplished by having the
auxiliary windings 128, 129 couple sufficiently loosely to
the main inductor 123—such as by providing a maguaetic
shunt between inductor 123 and the auxiliary windings—
thereby correspondingly limiting the degree of impact
resulting from an accidental short circuit. Seuch a short
circuit would result in a net reduction in the effective
inductance value of the tank inductor 123; which net reduc-
tion in inductance may, in turn cause a precipilons increase
in the magnitude of the reactive cumrent drawn from the
inverter by the series-connected inductor 123 and capacitor
122, thereby causing damage to the inverter.

Additional Explanations and Comments

(2) Wilh reference o FIGS. 2 and 5, adjustment of the
amount of power supplied fo locad 26', and thereby Lhe
amount of light provided by lamp 71, may be accomplished
by applying a voltage of adjustable magnitude io input

5 terminals IP1 and IP2 of the Toroid Heater; which is

thermally coupled with the toroidal ferrite cores-of saturable
transformers 47, 49.

(b) With commonly available components, inverter circuit
24 of FIG. 2 can be made o operate efficiently at any
frequency between a few kHz to perhaps as high as 50 kHe.
However, for various well-known reasons (i.e., eliminating
audible noise, minimizing physical size, and maximizing
efficiency), the frequency actually chosen is in the range of
20 10 40 kHz.

(c) The fluorescent lighting unit of FIG. 1 could be made
in such manper as to permit fuorescent lamp 11 o be
disconnectable fram its base 12 and bailasting means 16.
However, if powered with normal line voltage without its
lamp load connected, frequency-converting pawer supply
and ballasting circuit 16 is apt to self-desiruct.

To avoid such self-desiruction, arrangements can readily
be made whereby the very act of removing the load auto-
matically estzblishes a situation that prevents the possible
destruction of the power supply and ballasting means. For
instance, with the tank capacilor (52) being permanently
connected with the lamp Ioad (¥1)-—thereby automatically
being removed whenever the lamp is removed—the inverter
circuit is protected from self-destruction.

(d) At frequencies above a few kHz, the load represented
by a fluorescent lamp—once it is ignited—is substantially
resistive, Thus, with the voltage across lamp 11 being of a
substantially sinusoidal waveform (as indicated in FIG. 3D),
the carrent through the lamp will also be substaniially
sinusoidal in waveshape.

() In the fluorescent larnp unit of FIG. 1, fluorescent lamp
11 is connected with power supply and ballasting circuit 16
in the exact same mannper as is load 26 connected with the
circuit of FIG. 2, That is, it is connected in parallel witk the
tank capacitor (52) of the L-C series-resonant circujt. As is
conveniional in instant-start Huorescent lamps—such as
lamp 11 of FIG. 1—the two lerminals from each cathede are
shorted together, thereby to constitute a situation where cach
cathode effectively is represented by only a single terminal.
However, it is not necessary that the two terminals from each
cathode be shorted together; in which case—for instant-start
operation—eonoection from a lamp’s power supply and
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ballasting means need only be made with one of the termi-

nals of cach cathode.

(f) With respect to the circuit arrangement of FIG. 9, in
siluations where the tank inductor 123 includes a ferrite
magnefic core baving an air gap, one particularly cost-
effective way of accomplishing the indicaied loose coupling
between the tenk inductor 123 and the auxiliary windings
128,129 is that of arranging for the auxiliary windings to be
placed in the air gap in such a manner that they each couple
only with part of the magnpetic flux crossing the air gap.

{g) In FIG. 1, the compact screw-in Auorescent [amp has
a longitudinal central axis penctrating through the center of
the bottom of base 19 (i.c., at the point where lead 18 is
connected), passing up centrally between the two legs of
lamp 11, and emerging at the center of the very top of lamp
11.

What is claimed is:

1. An arrangement comprising:

a source providing an alternating vollage across a pair of
source terminals; the aliernating voltage having a fun-
damenta! frequency distinctly higher than that of the
AC voltage on an ordinary electric utility power line;

a series-combination of an inductor and a capacitor; the
series-combination being: (i) naturally resonant at a
frequency lower than said fundamental frequency, {ii}
effectively connected across the source terminals,
thereby to draw a source current from the source
lerminals, and (i) connecfed in eircuit with a pair of
oulput terminals across which is provided an approxi-
mately sinusoidal output voltage; the inductor being
coupled with an auxiliary winding, thereby to cause an
auxiliary wvoltage to be provided from this auxiliary
winding; the coupling between the induector and the
auxiliary winding being sufficiently loose so that, in
case an electrical short circuit were to be placed across
the auxiliary winding, the magnitude of the source
current would be prevented from increasing to a det-
rimentally high level; and
gas discharge lamp means having a first thermionic
cathode with a pair of cathode terminals connected with
the auxiliary winding by way of a connect means; the
lamp means also having a second thermionic cathade;
the approximately siousoidal oufput voltage being
applied between the first and the second lhermionic
cathodes.

2. An arrangemenl comprising:

a source providing an alternating voltage across a pair of
source lerminals; the alternaling voltage having a fun-
damental frequency distinctly higher than that of the
AC volitage on an ordinary electric utility power line;

2 series-combination of an inductor and a capacitor; the
series-combinalion being: () pafurallv resonanl al a
frequency lower than said fundamenta] frequency, (ii)
effectively connected across the source terminals,
thereby to draw 2 somrce current from the source
terminals, and (i) connected in circuit with a pair of
output terminals across which is provided zn approxi-
mately sinusoidal output voltage; the inductor meaons
being coupled wilh an auxiliary winding, thereby to
cause an auxiliary vollage to be provided from this
auxillary winding; the coupling between the inductor
and the auxiliary winding being sufficiently loose so
ikal, 1o case an electrical short circuit were 10 be placed
across the auxiliary winding, the magnitude of the
source current would be prevented from increasing to a
detrimentally high level; and
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‘a gas discharge famp having a first thermionic cathode
with a pair of cathode terminals connected with the
auxiliary winding by way of a connect means; the larnp
also having a second thermionic cathode; the substan-
tially sinusoidal cutput voltage being applied between
the first apd the second thermionic cathodes.

3. An arrangemen! comprising:

a source providing an alternating voltape across a pair of
source terroinals; the altemnating voltage having a fun-
damental frequency distinctly higher than that of the
AC voltape on an ordinary electric utilily power line;

a series-combination of an inductor and a capacitor; the
series-combination being: (i) naturally rescnant at a
frequency lower than said fundzmental frequency, (i)
effectively connpecled across the source tlerminals,
thereby to draw 2 source current from the source
terminals, and (iii) connected in circuit with a pair of
output terminals across which is provided an approxi-
mately sinusoidal output voltage; the inductor means
being coupled with an auxiliary winding, thereby to
cause an auxiliary voltage to be provided from this
auxiliary winding; and

a gas discharge lamp means having a first thermionic
cathode with a pair of cathode terminals connected with
the auxiliary winding by way of a connect means; the
lamp meaps also having a second thermionic cathode;
the substantially sinusoidal output voltage being
applied between the first and the second thermionic
cathodes; the connect means being characterized by
including a resistor means.

4. The arrangement of clzim 3 wherein the resistor means

is a non-linear resistor means.

5. The arrangement of claim 3 wherein the resistor means

includes an incandescent filament means.

6. An arrangement comprising:

a source providing an aliernating voltage across a pair of
source terminals; the alternaling vollage having a fun-
damental frequency distinctly higher than that of the
AC voltage on an ordinary electric utility power line;

a series-combination of an inducior and a capacitor; the
series-combination being: (i) naturally resonant at a
frequency lower than said fundamental frequency, (i)
effectively connected across the source lerminals,
thereby to draw a source current from the source
terminals, and (i) connected in circuit with a pair of
output terminals across which is provided an approxi-
mately sinusoidal output voltage; the inductor means
being coupled with an auxiliary winding, thereby to
cause an auxiliary voltage to be provided from this
auxiliary winding; and

a gas discharge lamp means having a first thermionic
cathode with a pair of cathode lerminals connected with
the auxiliary winding by way of a connect means; the
lamp means also having a second thermionic cathode;
the substantially sinusoidal output voltage being
applied between Lhe first and the second thermionic
cathodes; the connect means incleding limiting means
operalive to manifestly limil 1o a pre-established level
the magnitude of any current drawn from the auxiliary
winding.

7. An arangement comprising:

a source providing an zlterpating voltage zcross a pair of
source terminals; the alternaling voltage having a fun-
damental frequency distinctly higher than that of the
AC vollage on an ordinary electric utility power line;

an inductive reactance combined with a capacitive reac-
tance; the combination being: (i) nalurally resonant al
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a frequency at or near said fundamental frequency, (ii)
effectively connected across the source terminals,
thereby to draw a sourcs current from the source
terminals, and (iii) connected in circuit with a pair of
output terminals across which is provided an approxi-
mately sinusoidal output voltage; the inductive reac-
tance being coupled with an auxiliary winding, thereby
10 cause an auxiliary voltage to be provided from this
auxiliary winding; the auxiliary winding exhibiting a
current-limiting feature by which, in case an electrical
short circuit were to be placed across the auxiliary
winding, the magnitude of any current thereby drawn
therefrom would be manifestly limited to a level suf-
ficiently low not to give rise to a damaging effect; and

a gas discharge lamp having a first thermionic cathode
with a pair of cathode terminals conmnected with the
auxiliary winding; the lamp means aiso having a sec-
ond thermionic cathode;

the approximately sinusoidal output voltage being applied
between the first and the second thermionic cathodes.

8. An arrangement comprising:

a source providing an alternating voltage across a pair of
source terminals; the alternating voltage having 2 fun-
damental frequency distinctly higher than that of the
AC voltage on an ordinary electric utility power line;

12

an inductive reactance combined with a capacitive reac-

tance; the combination being: (i) maturally resonant at
a frequency at or near said fundamental frequency, (i)
effectively connected across the source terminals,
thereby to draw a source current from the source
terminals, and (iii) connected in circuit with a pair of
oulpul terminals across which is provided a high-
frequency output voltage; the induclive rezclance being
coupled wilh an auxiliary winding, thereby to cause an
mxiltary voltage to be provided from this auxiliary
winding; the auxiliary winding exhibiting a current-
limiting feature by which, in case an electrical short
circuit were to be placed across the auxiliary winding,
the magnitude of any current drawn therefrom would
be prevented from increasing tc 2 detrimentally high
level; and

a gas discharge lamp having a first thermionic cathode

with a pair of cathode terminals connected with the
auxiliary winding; the lamp means also having 2 sec-
ond thermionic cathode; the high-frequency oulpur
voltage being applied between the first and the second
thermionic cathodes.
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57 ABSTRACT

In an electzonic ballast, a rapid start fluorescent lamp is
powered by being parallel-connecied with the lank-capacilor
of a series-resomant LC circuit. Beating power for the lamp’s
cathodes is oblained by way of loosely-coupled auxiliary
windings on the tank inductor of the L.C circuit. In case the
fluorescent lamp were o be disconnected or otherwise were
to fail to properly load the series-tesonant LC circuil, due to
so-called Q-muliiplication, the magnitude of the voltage
develped across the tank-capacitor would normally increase
to a high and poteatially destructive level. However, due to
feedback operable to cause 1hke inverter frequency to
increase as a function of the magnitude of the vollage across
lthe tank-capacitor, the magpiude of this tank-capacitor
voltzge Is limited to a level substantially lower than what
otherwise would be the case.

17 Claims, 3 Drawing Sheets

&
o
Ed

=




Case: 1:03-cv-02962 Document #: 1 Filed: 05/02/03 Page 139 of 200 PagelD #:139

U.S. Patent Apr. 3, 2001 Sheet 1 of 3 US 6,211,525 B1

Tzae’

i
120V OR 240V
AC INPUT

Ly
’ )L 120V
29 240V

Fig. 4 f

120V

TOROID
HEATER =

| IP2 . Thermal— B84 =
.

o sl

TORIOD
HEATER




Case: 1:03-cv-02962 Document #: 1 Filed: 05/02/03 Page 140 of 200 PagelD #:140

U.S. Patent Apr. 3, 2001 Sheet 2 of 3 US 6,211,625 B1

+160 M1 y
I 17 Nl ml l
Fig. 34 [%E—Ei}:'i.l
sso 1N | H\
I
. }‘ — 1] 1! 1 | asz vorracs
Fig. 3B .|f }: T u_
I[I 1] UH L1
iII | ] {
. 3C In |! ] !} f ' TRANSISTOR CURRENT
—-*g——‘—F’L * }I | l ;l CURRENT THROUGH L
[ ]
:Il I I}
Fig. 3D '

_-

[
1 A
B+ o
N

\i\C\VOLTAC—'E ACROSS €

14 - 1716

T




Case: 1:03-cv-02962 Document #: 1 Filed: 05/02/03 Page 141 of 200 PagelD #:141

U.S. Patent Apr. 3, 2001 Sheet 3 of 3 US 6,211,625 B1

123
Fig. 9
/-724
127
=S~286 ~—F
131\ 132/® «Ll @\133
L 128 29
T 122
—il)
' 123




Case: 1:03-cv-02962 Document #: 1 Filed: 05/02/03 Page 1{',__2\of 200 PagelD #:142

US 6,211,625 B1

1

ELECTRONIC BALLAST WITH OVER-
VOLTAGE PROTECTION

RELATED APPLICATIONS

The present application is a Continuation of Ser. No.
08/236,125 filed May 3, 1994 which is a continuatjon of Ser.
No. 07/579,569 filed Sep. 10, 1990, now abandoned; which
is a Continuation-in-Part of Ser. No. 06/787,692 filed Oct.
15, 1985 now abandomed; which is a Corntinuation of Ser.
No. 06/644,155 filed Aug. 27, 1984, now abandoned; which
is a Continuation of Ser. No. 06/553,426 filed Nov. 23, 1983,
now abandened; which is a Continuation of Ser. No. 06/178,
107 filed Aug. 14, 1980, now abandoned.

BACKGROUND OF THE INVENTION .

1. Field of Invention

This invention relates io electromic ballasts for rapid-start
fluorescent lamps, particularly where the lamps are powered
via a scries-Tesonant LC circuit.

2. Description of Prior Ani

For a descriplion of pertinent prior art, reference is made
to U.S. Pat. No. 4,677,345 to Nilssen; which patent issued
from a Division of application Ser. No. 06/178,107 filed
Aug. 14, 1980; which application is the original progenitor
of instant application.

Otherwise, reference is made to the following U.S. pat-
ents: No. 3,263,122 o Genuil; No. 3,320,510 lo Locklair;
No. 3,996,493 to Davenport et el.; No. 4,100,476 to Ghir-
inghelli; No. 4,262,327 to Kovacik et al.; No. 4,370,600 10
Zansky; No. 4,634,932 to Nilssen; and No. 4,857,806 to
Nilssen.

SUMMARY OF THE INVENTION

Objects of the Invention

An object of the present invenlion is that of providing for
a cost-effective electronic ballast.

This as well as other objects, featires and advantages of
the present invention will become apparent from the fol-
lowing description and claims.

Brief Description

The prescnt invention is directed 10 providing improved
inverter circuits for powering and conirolling gas discharge
lamps. The inverter circuits according to the present inven-
tion are highly efficient, can be compactly constructed and
are ideally suited for energizing gas discharge lamps, par-
ticularly “instani-start” and “self-ballasted” fluorescent
lamps.

According to one form of the present invention, a series-
connected combination of an inductor and a capacitor is
provided in circuil with the jnverter transistors 1o be ener-
gized upon periodic transistor conduction. Transistor drive
current is preferably provided through the nse of al least one
saturable inductor to comtrol the iransistor inversion fre-
quency to be equal fo or greater than the natural resonant
frequency of the inductor and eapacitor combination. The
high voltages efficiently developed by loading the inverter
with the inductor =nd capacitor are ideally suited for eper-
gizing external loads such as gas discharge lamps. In such an
application, the use of an adjustable inducior permils control
of the inverter ontput as a means of adjusting the level of
lamp Hllumination.

According to another importani form of the preseni
invention, reliable and highly efficient half-bridge inveriers
include a saturable tnductor in a current feedback circuil to

2

drive the transistors for alternate conduction. The inverters
also include a load having an inductance sufficient to effect
periodic energy storage for self-sustained transisior inver-
sion. Importanily, improved reliability is achieved because

5 of the relatively low and transieni-free voliages across the
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transistors in these half-bridge iverters.

Further, according to another feature of the present
invention, novel and economical power supplies particularly
useful with the disclosed inverter circumits converl conven-
tional AC input voltages 10 DC for supplying 10 the invert-
ers.

Yet further, according to still another fealnre of the
inventjon, a rapid-start fluorescent lamp is powered by way
of a series-resonant L.C circuit; while heating power for the
lamp’s cathodes is provided via Ioosely-coupled avxiliary
windings on the lank inductor of the LC circuit.
Alternatively, cathode bealing power is provided from
tightly-coupled windings on the tank inductor; in which case
output ewrrent-limiling is provided via a pon-linear resis-
tance means, such as ap incandescent filament in a Light
bulb, connected in serics with the output of cach winding.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a front elevation of a folded fluorescent lamp
unil adapted for screw-in insertion into a slandard Edison
incandescent socket;

FIG. 2 is a schematic diagram illustrating the essential
features of a push-pull inverter circuit particularly suitable
for energizing the lamp unit of FIG.

FIGS. 3A-3D is a set of waveform diagrams of certain
significant voltages and currents oecurring in the circuit of
FIG. 2; .

FIG. 4 is a schemalic diagram of a DC power supply
connectable 1o both 120 and 240 voll AC inputs;

FIG. 5 is a schematic diagram which illustrates the
connection of a non-self-balasted gas discharge lamp unit to
the FIG. 2 inverter circuit;

FIG. 6 15 a schematic diagram wintch illustrates the use of
a toroid heater for regulation of the inverter outpul;

FIG. 7 is an alternale form of push-pull inverter circuil
according to the present ipvention;

FIG. 8 is a schematic diagram showing the connection of
a gas discharge lamp of the “rapid-start” type to an induclor-
capacitor-loaded inverter according to the present invention;

FIG. 9 is a2 modification of FIG. 8, showing loosely-
coupled auxiliary windings on the tank inducior; and

FIG. 10 is another modification of FIG. 8, showing
non-linear current-limiting means connected with the output
of lightly-coupled auxiliary windings on (he tank induclor.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

FI1G. 1 illusirates a screw-in gas discharge lamp unit 10
comprising a folded fluorescent lamp 11 suitably secured to
an integral base 12, The lamp comprises two cathodes 13, 14
which are supplied with the requisite high operaling voltage
from a frequency-converting power supply and ballasting
circuit 16; which, because of ils compact size, conveniently
fits within the base 12.

The inverter circwil 16 15 connected by leads 17, 18 to a
screw-lype plug 19 adaplted for screw-in inserlion ipto a
slandard Edison-ivpe incandescent lamp socket at which
ordinary 120 Volt/60 Hz power line vollage is zvailable. A
ground plane comprising a wire or melallic sirip 21 is
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disposed adjacent a portion of the fluorescent lamp 11 as a
stanting aid. Finally, a maonally rotatable external knob 22
is connected to a shafl for mechanical adjustment of the air
gap of a ferrite core inductor lo vary the inductance value
thereof in order Lo effect adjusiment of the inverter volitage
output connecied to elecirodes 13, 14 for conirolled varia-
tion of the lamp illumination intensity.

With reference to FIG. 2, 2 power supply 23, connected to
a conventional AC input, provides a DC ontput for supplying
a high-efficiency inverter circuit 24. The inverter is operable
to provide a high voltage to an external load 26, which may
comprise a gas discharge device sick as the fluorescent lamp
11 of FIG. L

The power supply 23 comprises bridge rectifier having
four diodes 27, 28, 29 and 31 conpeclable lo 2 240 volt AC
supply ai terminals 32, 33. Capacitors 34, 36 are connected
between a ground line 37 (in turn directly connected to the
inverter 24) and to a B+ line 38 and a B- line 39, respec-
tively. The power supply 23 also comprises a vollage
doubler and rectifier optionally connectable to 2 120 voll AC
input taken between the ground line 37 and terminal 33 or
32. The voltage doubler and rectifier means provides a direct
elecirical connection by way of line 37 netween one of the
120 volt AC power inpul lines and the inverter 24, as shown
in FIG. 2. The bridge rectifier and the voltage doubler and
rectifier provide substaniially the same DC output voltage to
the inverter 24 whether the AC input is 120 or 240 volis.
Typical voltages are +160 volts on the B+ line 38 and -160
volts on the B- line 39,

With additional reference to FIG. 4, which shows an
alternate power supply 23', the AC input, whether 120 or 240
volts, Is provided at terminals 32" and 39. Terminal 39 is in
turn connecled through a single-pole double-throw sefector
swilch 41 to terminal 37" (for 120 volt operation) or lerminal
33 (for 240 volt operation). In all other respects, power
supplies 23 and 23" are identical.

The nverter cireuit 24 of FIG. 2 is a half-bridge inverter
comprising trapsistors 42, 43 connected in series across the
DC voltage outpul of the power supply 23 oa B+ and B—
lines 38 and 39, respectively. The collector of trasistor 42 is
connected to the B+ line 38, the enitier of transistor 42 and
the collector of transistor 43 are connected to a midpeint line
44 (designaled “M”) and the emitter of fransistor 43 is
connected [0 the B- line 39. The midpoint line 44 is in turn
connecied to the gronad line 37 through primary winding 46
of a toroidal saturable core trapsformer 47, a prmary
winding 48 on an identical transformer 49, an inducior 51
and a series-connected capacitor 52. The mductor 51 and
capacitor 52 are energized upon alternate trapsistor conduc-
tion in 2 manner to be described later.

An external load 26 is preferably taken off capacitor 52,
as shown in FIG. 2. The inductor 51, preferably a known
ferrite core inductor, has an inductance variable by mechant-
cal adjustment of the air gap in order to effect variation in the
level of the inductor and capacilor voltage and hence the
power available 1o the load, as will be described. When Lhe
load is a gas discharge lamp such as lamp 11 in FIG. 1,
variation in this inductance upon rotation of knob 22 accom-
plishes a lamp dimming effect.

Drive current o the base ierminals of transistors 42 and 43
is provided by secondary windings 53, 54 of transformers
49, 47, respectively. Winding 53 is also connected to mid-
point lead 44 through a bias capacitor 58, while winding 54
is connected to the B— Iead 39 through an identical bias
capacilor 57. The base terminals of transistors 42 and 43 are
also connecied o lines 38 and 44 through bias resistors 58
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and 59, respectively. For a purpose to be described later, the
base of transistor 42 can be optionally connected to a diode
61 and a series Zemer diode 64 in tum connected 1o the
midpoint line 44; stmilarly, a diode 63 and series Zeper
diode 64 in tum connected to the B— line 39 can be
connected Lo the base of transistor 43. Shunt diodes 66 and
67 are connected across the coliector-emitler {erminals of
transisiors 42 and 43, respectively. Finally, a capaciior 68 is
connected across Lhe collector-emitler terminals of transistor
43 1o resirain the rate of voltage rise across those lerminals,
as will be seen presently.

The operation of the circuit of FIG. 2 can best be
understood with additional reference 1o FIG. 3, which ilhus-
trates significant portions of the waveforms of the vollage at
midpoint M (FIG. 3A), the base-emitter vollage on transistor
42 (F1G. 3B), the current through transistor 42 (FIG. 3C),
and the capacilor 52 vollage and the inductor 51 current
(FIG. 3D).

Assuming that transisior 42 is first to be triggered into
conduction, current flows from the B+ lLine 38 thiough
windings 46 and 38 and the inductor 51 to charge capacitor
52 and returns through capacitor 34 (refer 1o the time period
desipnated 1 in FIG. 3). When the saturable induclor 49
saurates al the end of period I, drive current to the base of
transistor 42 will terminate, cansing voltage on the base of
the iramsistor to drop to the negative voltage stored on the
bias capacitor 56 in 2 mapner to be described, causing this
transistor 1o become non-conductive. As shown mm FIG. 3c,
current-flow in transisior 43 terminates al lhe end of period
I

Becanse the current through inductor 51 cannot change
instantaneously, current will flow from the B- bus 39
through capacitor 68, causing the voltzge at midpoint line 44
to drop to —160 volts (period II in FIG. 3). The capacitor 68
resirains the rate of voltage chapnge across the colleclor apd
emitter lerminals of transistor 42. The current through ithe
inducter 51 reaches its maximum valee when 1he vollage at
the midpoint Hne 44 is zero. During period 1L, the current
will continue to flow through induclor 51 but will be
supplied from the B~ bus through the shunt diode 67. 1t will
be appreciated that during the latter balf of period I1 and all
of period 111, postiive current is being drawn from a negative
vollage; which, in reality, means thal epergy is being
returned (o the power supply through a path of relatively low
impedance.

When the induclor currenl reaches zero at the slarl of
period IV, lhe current through the primary winding 46 of the
saturable indunctor 47 will cause a current Lo flow out of its
secondary winding 54 to cause transistcr 43 to become
conductive, thereby causing a reversal in the direction of
current through inductor 51 and capacitor 52. When trans-
former 47 saturates al the end of period IV, the drive current
to the base of trabsistor 43 terminates and the curremt
through inductor 51 will be supplied through capacitor 68,
causing the voltage at midpoint line 44 to rise (period V).
When the voltage at the midpoint line M reaches 160 volts,
the current will then flow throngh shunt diode 66 (period
VI). The cycle is then repeated.

As seen 1n FIG. 3, saturable transformers 47, 49 provide
transistor drive current only after the current through induc-
tor 51 has diminished 10 zero. Further, the trapsistor drive
current is terminated before the curreni through inductor 51
has reached its maximum amplitude. This coordination of
base dnive current and inducior current 1s achieved because
of the series-connection between the inductor 51 and the
primary windings 46, 48 of saturable transformers 47, 4%,
respectively.
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The series-connected combination of the inductor 51 and
the capacitor 52 is energized upon the allemate conduction
of transistors 42 and 43. With a large value of capacitance of
capacitor 52, very little voliage will be developed across its
terminals. As the value of this capacilance is decreased,
kowever, the voltage across this capacitor will increase. As
the value of the capacitor 52 is reduced Lo achieve resonance
with the imdvetor 51, the voltage on the capacilor will rise
and become infinite in a loss-free circnit operafing under
ideal conditions.

It bas been found desirable to regulate the fransistor
inversion frequency, delermined mainly by the saturaiion
time of the saturable inductors 47, 49, to be equel fo or
higher than the natural resonance frequency of the inductor
and capacitor combination in order to provide a high voltage
output to exiernal load 26. A high voltage across capacitor
52 is efficienlly developed as the transistor inversion fre-
quency approaches the natural resonant frequency of the
inductor 51 and capacitor 52 combination. Stated another
way, the conduction period of each fransistor is desirably
shorter in duralion than ome guarter of the fall period
corresponding to the natural resonant freqnency of the
inductor and capacitor combination. When the inverier 24 is
used with a self-bailasted pas discharge lamp unit, it has
been found thai the inversion frequency can be at least equal
to the natural resonant frequency of the tank circuwit. If the
capacitance value of capacitor 52 is reduced still farther
beyond the rescnance poinl, unacceptably high iransistor
currents will be experienced during transistor switching and
transistor burn-out will occur.

It will be appreciated that the sizing of capacitor 52 is
determined by the application of the inverter circuil 24.
Variation in the values of the capacitor 52 and the inductor
51 will determine the voltages developed in the inductor-
capacitor tank circuit. The exiernal load 26 may be con-
nected in cirenit with the inductor 51 (by a winding on (he
inductor, for example) and the capacitor may be omitted
entirely. If the combined circuit loading of the inductor 51
and the exteral load 26 has an effective inductance of value
sufficient to effect periodic energy storage for self-sustained
trapsistor inversion, the current feedback provided by the
saturable inductors 47,49 will effeci alternate transistor
conduction without the need for additional voltage feedback.
When the capacitor 52 is omitted, the power supply 23
provides a direct elecirical copmection between one of Lhe
AC power input lines and the inverter load circuit.

Because the voltages across transistors 42, 43 are rela-
tively low (due to ibe effect of capacitors 34, 36), the
half-bridge taverter 24 is very reliable. The absence of
switching transienis mimimizes the possibility of transistor
burn-out.

The ioverter circuit 24 comprises means for supplying
reverse bias to the conducting fransistor upon saturation of
its associated saturable inductor. For this purpose, the
capacitors 56 and 57 are charged to negative voliages as a
result of reset cument fAowing tnto secondary windings 53,
54 from the bases of transisiors 42, 43, respectively. This
reverse current rapidly twrns off a conducting trapsistor to
increase ils switching speed and to achieve mverter circuit
efficiency in a manner described more fully in my
co-pending U.S. patent application Ser. No. 103,624 filed
Dec. 14, 1979 and entitled “Bias Control for High Efficiency
Inverter Circuit” (now U.S. Pat. No. 4,307,353). The more
negalive the voltage on the bias capacitors 56 and 57, the
more rapidly charges are swept out of the bases of their
associated transislors upon transistor turn-off.

When a transistor basc-emilter junction is reversely
biased, il exhibits (he characteristics of a Zener diode having
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a reverse breakdown veltage on the order of 8 1o 14 Voli for
transisiors typically used in high-voltage inverters. As an
alternative, ko provide a negative voltage smaller in magni-
tude on the base lead of typical ransistor 42 during reset
operztion, the optional diode 61 and Zener diode 62 com-
bination can be used. For large values of the bias capacitor
56, ihe base voltage will be substantially constant.

If the load 26 comprises a gas discharge lamp, the voltage
across the capacitor 52 will be reduced once the lamp is
ignited to prevent voltages on the inductor 51 and the
capaciter 52 from reaching destrictive levels. Such a lamp
provides an initial time delay during which a high voltage,
suitable for instanl starting, is available.

FIG. 5 illustrates ihe use of an allernate load 26" adapted
for plug-in connection to an inverler circuil such as shown
in FIG. 2. The load 26' consisis of a gas discharge lamp 71
having elecirodes 72, 73 and connecied in series with a
capacitor 74. The combination of lamp 71 and capacitor 74
is comnected m parallel with a capacitor 52' which serves the
same purpose as capacitor 52 m the FIG. 2 circuil. However,
when the load 26' is unplugged from the circuit, the inverler
stops osciilating and the development of high vollages in the
mverter is prevented. The fact that po high voltages are
generated by the circuit if the Jamp is disconnected while the
circuit is oscillating is importaat for safety reasons.

FIG. 6 illustrates a capacitor 52" connected in serfes wiih
an inductor 51" through a heater 81 suitable for heating the
toroidal inductors 47, 49 1n accordance wilh the level of
output, The load 26" is connected across the senes combi-
nation of the capacitor 52" and the toroid heater. The heater
81 s prefersbly designed to controllably heat the toroidal
saturable induclors in order 1o decrease their saturation flux
limii and hence their saturation time. The result is 1o
decrease the periodic transistor conduction time and thereby
increase the tramsistor inversion frequency. When a
frequency-dependent impedance means, that is, an inductor
or a capzacitor, is connected in ciremit with the AC voltage
cutput of the inverter, change in the transistor inversion
frequency will modify the impedance of the frequency-
dependent impdance means and correspondingly modify the
inverter output. Thus as the level of the cutput ipcreases, the
toroid heater 81 is correspondingly energized 1o effect
feedback regulation of the output. Further, transistors 42, 43
of the type used in high voliage inverters dissipate heat
during periodic transistor conduction. As an aliernative, the
toroid heater 81 can wse this heat for feedback regulation of
the output or control of the temperature of Iransisiors 42, 43.

The frequency dependent impedance means may alsa be
used in a circuit lo enmergize a gas discharge lamp al
adjustable illumination levels. Adjustment in the inversion
frequency of transistors 42, 43 results in conuol of the
magnitude of the AC current supplied to the lamp. This 1s
preferably accomplished where saturable inductors 47, 49
have adjustable flux densities for control of their saturation
fime.

FIG. 7 schematically illusirales an alterpate form of
inverler circuit, shown without the AC to DC power supply
connections for simplification. In this Figure, the transistors
are connecled in parallel rather than in series but the
operation is essentially the same as previously described.

In pariicular, this circuti comprises a pair of alternately
conducting iransistors 91, 92, The emitter terminals of the
transistors are connected (o a B~ ke 93. A B+ lead 94 is
connected to the cepter-lap of a trapsformer 96. In order to
provide drive current to the transistors 91, 92 for control of
lheir conduction frequency, saturable induciors 97, 98 have
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secondary windings 99, 101, respeciively, each secondary

winding having one end connected fo the base of its asso-
ciated transisior; the other ends are connected to a common
terminal 102. One end of transformer 96 is connected io the
collector of transistor 91 through a winding 103 on inductor
98 m mn connected in series with a winding 104 on
inductor 97. Likewise, the other end of transformer 96 is
connected to the coltector of transistor 92 through a winding
106 on inductor 97 in series with another winding 107 on
inductor 98.

The B+ terminal is connected to terminal 102 through 2
bias resistor 108. A bias capacitor 109 connects terminal 102
to the B- lead 93. This resistor and capacitor serve the same
function as resistors 58, 5% and capacitors 56, 57 i the FIG.
2 circuit.

The bases of transistors 91, 92 are connected by diodes
111, 112, respectively, ic a common Zener dicde 113 in turn
connected 1o the B~ lead 93. The common Zener diode 113
serves the same function as individual Zener diodes 62, 64
in F1G. 2.

Shunt diodes 114, 116 are connected across the collector-
emifter terminals of transistors 91, 92, respeclively. A
capaciior 117 connecting the collectors of trapsistors 91, 92
restraips the rate of voltage rise on the collectors in a manner
similar to the collecior-emitier capacitor 68 in FIG. 2.

Inductive-capacitive loading of the FIG. 7 inverter is
accomplished by & capacitor 118 connecfed in series with
with an inductor 119, the combipation being connected
across the collectors of the transistors 91, 92, A load 121 is
connected across the capacitor 118.

FIG. B iMustrates how an inverter loaded with a serics
capacitor 122 and inductor 123 can be used to encigize a
“rapid-start” Auorescent lamp 124 (the details of the inverter
circuit being omitted for simplcation). The lamp 124 has a
pair of cathodes 126, 127 connected across the capacilor 122
for supply of operating voltage in 2 manner identical to that
previously described. In addition, the inductor 123 com-
prises a pair of magnetically-coupled auxiliary windings
128, 129 for electrically heating the cathodes 126, 127,
respectively. A small capacitor 131 is connected in series
with lamp 124,

F1G. 9 illustrates the very same circuit arrangement as thal
of FIG. 8 except that the auxiliary windings 128, 129 are
only loosely coupled 1o the inductor 123, thereby providing
for a mamfest mitation on the amount of current thal can
be drawn from each auxiliary winding in case it were 1o be
accidentally short-circuited.

FiG. 19 also illustrates the very same circuit arrangement

as that of FIG. 8 exccpt thal the cathodes 126, 127 are 5

connecied with their respective auxiliary windings 128, 129
by way of non-linear curreni-limiting means 132 and 133,
respectively.

In FIG. 10, the non-linear current-limiling means 132,
133 are shown as being two (small) incandescent lamps.
However, other types of non-linear resistance means could
be used as well.

Both the FIG. 9 circuit and the FIG. 10 circuit serve the
same basic purpose; which is that of preventing damage to
the balast circuit (such as that if FIG. 2) in case the leads
used for comneciing to one of the lamp cathedes 126, 127
wete to be accidentally shorted. This damage prevention is
accomplished by providing for manifest limitation of the
maximum amount of ¢urrent that ¢an be drawn from each
ope of the auxiliary windings 128, 129. In the circuit of FIG.
9, this manifest limitation is accomplished by having the
auxiliary windings 128, 129 couple sufficiently loosely to
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the main inductor 123—suck as by providing 2 magnetic
shunt between inductor 123 and the auxiliary windings—
thereby correspondingly limiting the degree of impact
resulting from an accidental short circuil. Such a short
circuit would result in a nei reduction in the effective
inductlance value of the tank inducior 123; which net reduc-
tion in indoctance may in fum cause a precipitous increase
in the magnitude of the reactive current drawn from the
inverter by the series-connected inductor 123 and capacitor
122, thereby causing damage to the inverter.

ADDITIONAL EXPLANATIONS AND
COMMENTS

(a) With reference (0 FIGS. 2 and 5, adjushment of the
amomni of power supplied to load 26, and thereby the
amonnt of light provided by lamp 71, may be accomplished
by applying a vollage of adjustable magpitnde to ioput
terminals IP1 and IP2 of the Toroid Heater; which is
thermally coupled with the toroidal ferrile cores'of saturable
lrapsformers 47, 49.

(b) With commonty available comporents, inverter cireuit
24 of FIG. 2 can be made to operate efficiently at any
frequency between a few kHz to perhaps as high as 50 kHz.
However, for various well-known reasons (i.c., eliminaling
audible noise, minimizing physical size, and maximizing
efficiency), the frequency actually chosen is in the range of
20 to 40 kHz.

(<) The fluorescent Lghting unit of FIG. 1 could be made
in such manner as to permil fworescent lamp 11 to be
disconpeciable from its base 12 and ballasting means 16.
However, if powered with normal line vollage without ils
lamp load commected, frequency-converting power supply
and ballasting circuil 16 is apl to self-desiruct.

To avoid such self-destruction, arrangemenis can readily
be made whereby the very act of removing the load auto-
matically establishes a situation that prevents the possible
destruction of the power supply and ballasting means. For
instance, with lhe tank capacitor (52) being permanently
conpected with the lamp load (11)}-—thereby automatically
being removed whenever the lamp is removed—the inverter
circuit is protecied from self-destruction. ]

(d) At frequencies above a few kHz, the load represented
by a fluorescent lamp—once it is ignited—is substantially
resistive. Thus, with the voltage across lamp 11 being of a
substantially sinusoidal waveform (as indicated in FIG. 3d),
the cumrent through the lamp will also be substantially
sinusoidal in waveshape.

(¢} In the fluorescent lamp unit of FIG. 1, fluorescent lamp
11 is connecled with power supply and ballasting circuit 16
in the exact same manner as is load 26 connecied with the
circuit of FIG. 2. That is, it is connecied in parallel wilh the
tank capacitor (52) of the L-C series-resonant circuit. As is
conventional in instant-siarl fiuorescent lamps—such as
lamp 11 of FIG. 1—the two terminals from each cathode are
shorted together, thereby (o constitule-a situation where each
cathode effectively is represented by only a single terminal.
However, it is not necessary that the two terminais from each
cathode be shorted together; in which case—for instant-start
operation—connection from a lamp’s power supply and
ballasting means need only be made with one of the termi-
nals of each cathode.

(f) With respect to the circuil arrangement of FIG. 9, in
silwations where the tank inductor 123 includes a ferrite
magnetic core having an air gap, one particularly cost-
effective way of accomplishing the indicated loose coupling
between the tank induclor 123 and the auxiliary windings
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128, 129 is that of arranging for the auxiliary windings to be
placed in the air gap in such a maneer that they each couple
only with part of the magnetic flux crossing the air gap.

(i) In FIG. 1, as would be readily perceived by a person
having ordipary skill in the art pertinent hereto, folded
fluorescent lamp 11 inchudes two straight parallel-disposed
tubular sections rising perpendicularly up from the top
surface of base 12; which two mbular sections are, a short
distance distally from base 12, joined together by way of a
transverse relatively narrow tubular section.

What 15 claimed 1s:

1. An arrangement comprising:

a power source operative to snpply a power line voltage

at a pair of power line terminals;

a firsl circuit assembly connected with the power line
terminals and operative to provide 2 DC voltage
between a pair of DC ouiput terminals;

a gas discharge lamp having a pair of lamp terminals 2ad
being functiopal to provide Iuminous output when
supplied with a usnal amount of lamp current; and

a second circuit assembly baving a pair of DC inpul
terminals connected with the DiC output terminals and
a pair of AC output terminals connected with the lamp
terminals; the second circuit assembly being further
characierized by:

(2) having 2 mned L-C cirenit connected with the AC
output terminals; the L-C circuit having a tank-
inductor and a tank-capacitor; the tank-capacitor
being effecively comnected across the AC output
terminals; and

(b) producing an AC output voltage across the AC
output terminals; the magnitude of the AC output
voltage being determined by: (i) a Q-multiplying
effect associated with the L-C circuit; (i) the amount
of power drawn by the lamp from the AC owiput
lerminals; and (iii} an internal feedback effect
responsive 1o the magnitnde of the AC output voltage
and operaiive to diminish the Q-multiplying effect by
causing the frequency of the AC output voltage to
change away from the natural resonance frequency
of the L-C circuit; such that the internal feedback
effect is functional, under a condition when no power
is being drawn from the AC output terminals, to
cause the magnitude of the AC output voliage to be
lower than it wounld have been if determined solely
by said Q-multiplying effect;

such that the magnitude of the AC output voltage is: (1)
at a minimum level whenever the Iamp is drawing its
usual lamp current; and (if) at a maximum level
whenever the lamp fails 10 draw power, the maxi-
mum level being distinclly lower than a level which
would have prevailed in the absence of said internal
feedback effect.

2. The arrangement of claim 1 wherein the second circuit
assembly is additionally characterized in that the fundamen-
tal frequency of the AC output vollage is lower whenever the
lamp draws the usual amount of lamp current than when the
lamp draws substantially less than the usual amount of larep
current.

3. An arrangement comprising:

a power source operative 1o supply a power line voltage

at a pair of power line terminals;

a gas discharge lamyp having a pair of lamp terminals and
being functional 1o provide lwminous cutput when
supplied with an amount of lamp cwrrent; and

a main assembly having (i) 2 pair of power inpul terminals
connected with the power line terminals, and (i) a pair
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of AC output fermtinals connected with the lamp ter-

minals; the main assembly including electronic cir-
cuifry and being otherwise characterized by:

(a) baving: (i} a tumed L-C circuit connected with the
AC output terminals, the L-C circuit having a tank-
inductor and a tank-capacitor, the tank-capacitor
bemng effeciively connecied across the AC output
terminals; and (i) a magnilude-limiting sub-
assembly connecled within the electronic circuilry as
well as with the AC ontput terminals; and

{b) being functional to cause an AC oculpul voltage lo
exisi across the AC output terminals; the magmitude
of the AC outpul voltage being determined by a
combination of: () a Q-multiplying effect associated
with the L-C circuit; (ii) the frequency of the AC
output voltage; (iii) the amount of power drawn by
the lamp from the AC output terminals; and (iv) a
magnitude-limiting effect provided by the
magnitude-limiting sub-assembly in response to the
magnitede of the AC output voltage; the magnitude-
limiting effect, by which an increasing magnitude of
the AC outpnt voltage causes a change in the fre-
quency of the AC oulput voltage away from the
natural resonapce frequency of the L-C cirenil,
resulting in a diminishment of the Q-multiplving
cffect in such a manner as to cause the magnitude of
the AC output vollage, whenever no power is being
drawn by the lamp, to be distinctly lower than it
would have been in the absence of said magnitude-
Himiting effect.

4. The arrangement of claim 3 wherein the main assembly
is additionally characterized in that the 1uned L-C circuit has
a natural resonance frequency that is not higher than the
fundamental frequency of the AC output voltage.

5. The arrangement of claim 3 wherein the main assembly
is additionally characterized by including a pair of terminals
between which 2 DC voliage exists, the absolule magnitude
of which DC voltage is substantially constant as well as
distinctly higher than the peak absolute magnitude of the
power line voliage.

6. The arrangement of claim 3 wherein the main assembly
is additionally characterized by including a pair of terminals
between which two transistors are series-connected.

7. The arrangement of claim 3 wherein the gas discharge
lamp includes two paraliel-dispesed straight sections of
glass tubing, and wherein the main assembly is additionally
characterized by including a housing having a screw-base
operable 1o be screwed into and held by an ordinary Edison-
Lype lamp sockel.

8. The arrangement of claim 3 further combined with a
mechanical siructure operative lo rigidly hold together the
gas discharge lamp and the main assembly, thereby to form
a single lamp-bailast entity operable to be powered from a
power line voltage; the gas discharge lamp being character-
ized by including: (i) two parallel-disposed relatively long
straight sections of wbing, each one having a first cross-
sectional area and protruding perpendicularly from a sub-
stantaily flat surface of said mechanical structure; and (if) 2
relatively short section of tubing having a second cross-
sectional arez that is substantially smaller than said first
cross-seclional area.

9. The arrangement of ¢laim 8 whersin the Jamp-ballasi
entity includes a screw-base operabile to be screwed inlo and
keld by an ordinary Edison-lype lamp socke.
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10. An arrangement comprising:

a power source operative io supply a power line voltage
at a pair of power line terminals;

a gas discharge lamp having a pair of Jamp terminals and
being functional to provide luminous output when
supplied with lamp current; and

a main assembly having (i) a pair of power inpul terminals
connected with the power line terminals, and {ii) a pair
of AC ouiput terminals connected with the lamp ter-
minals; the main assembly inclading electromic cir-
cuitry and being otherwise characterized by:

(2) having: (i) a tuned L-C circuit connected with the
AC output terminals; and (ii) a magniude-limiting
sub-assembly connected within the elecironic cir-
cuitry as well as with the AC output terminals; and

(b) being funclicnal to cause an AC oulput voliage to
exist across the AC output terminals; the magnitede
of the AC output voltage being dstermined by a
combination of: (1) a Q-mmltiplying effect associated
wiih the L-C circuit; (ii) the amount of power drawn
by the Jamp from the AC ountpul terminals; and (jii}
a2 magnitude-limiling effect provided by the
magnitude-limiting sub-zssembly in response 1o the
magnifude of the AC output voltage; the magnitude-
limmiting effect, by which an increasing magnitude of
the AC output vollage causes a change in the fre-
quency of the AC outpul voltage away from the
natural resopance frequency of the L-C circuil,
resulting in a diminishment of the Q-mulliplying
effect in such a manner as to cause the magnitude of
the AC output voltage, whenever no power is being
drawn by the lamp, to be distinctly lower than it
would have been in ihe absence of said magnitude-
lmmiting effect.

11. An arrangement comprising:

a power source operative to supply a power line voltage
at a pair of power line terminals;

a lamp means having lamp terminals and being operative
to provide light when drawing a lamp current; and

a main assembly characterized by: (i) having power input
terminals counected with the power line termirals; (i)
having AC output terminals connected with the lamp
lerminals; (iii) being operative to provide an AC output
vaoltage ai the AC ontput terminals, the frequency of the
AC output voltage being higher than that of the power
line voliage; (iv) baving a sub-assembly connecied
within the main assembly as well as with the AC ontput
terminals, the sub-assembly being operative vnder a
certain condition, by cansing a change in the frequency
of the AC output voltage, to limit the magnitude of the
AC oulput voliage to a level lower than what il would
bave been if the sub-assembly bad pot been so
connected, said certain condition occwrring if the lamp
means were [o fail to draw said lamp current; such that
if the sub-assembly were 10 be disconnected, and if the
lamp means were 10 fail to draw said lamp current, the
magnitude of the AC outpul voltage would atfain a
level substantially higher than the level attained with

the sub-assembly connected; and (v} baving a pair of
ferminals between which fwo transistors are series-
connected and across which exists a DC supply volt-
apge.

12. An arrangement comprising:

a power source operative to supply a power line voltage
at a pair of power line terminals;

a lamp having lamp terminals and being operative to
provide light when being supplied with a lamp current;
and
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a main assembly characterized by: (1) having power input

terminals connected with the power line terminals; (if)
having AC outpnt lerminals comnected with the lamp
lerminals, thereby 1o cause said lamp current o be
supplied to the lamp; (iil) being operative to provide an
AC output voltage at the AC outpul terminals, ihe
frequency of the AC output voltage, which is much
bigher than that of the power line voltage, increasing
with ipcreasing magnitude of the AC outputl voltage;
(iv) having an L-C circuit connected with the AC
output terminals, the T.-C circuil having 2 patural
resonance frequency not higher than the fundamental
frequency of the AC ouiput voltage; (¥) having a pair
of (ramsistors series-connected between two (erminals
across which is provided a DC voltage whose absolute
magnitude always is equal to or higher than that of the
power line voltage; aed (vi) having a sub-assembly
connecled within the main assemmbly as well as with the
AC output tetminals, the sub-assembly being operative
under a cerfain condition to limit the magnitude of 1the
AC output voliage 10 a level lower than what it would
have been if the sub-assembly had not been so
comnected, said certain condition occwrring if the lamp
were Lo fail to draw said lamp current; such that, if the
sub-assembly were [0 be disconrected, the magnitude
of the AC ontput voltage would reach an undesirably
high Ievel in case the lamp were to be disconnected or
olherwise fail to draw said lamp current.

13. An arrangement comprising:
a power source operative to supply a power line voltage

al a pair of power line terminals;

a lamp having lamp terminals and being operative io

provide light when drawing a lamp current; and

a main assembly characterized by: (i) having power inpul

terminals connected with the power line terminals; (i)
baving AC output terminals connected with the lamp
terminals; (iii) providing an AC ouiput voltage at the
AC output terminals, the AC outpur voltage having a
frequency that changes in response to the magnitude of
the AC output voltage; (iv) having two termimals
between which a pair of transistors are series-connected
and across which exists a DC voltage whose absolute
magnitude is about equal to or higher than that of the
power line voltage; and (v) baving a sub-assembly
connecled within the main assembly as well as with the
AC output terminals, the sub-assembly being operatlive
under & certain condition to Hmit the magaitude of the
AC outpul voltage Lo a level lower than what it would
have been if the sub-assembly had mot been so
connected, said certain condition occurring if the lamp
were to fail to draw said lamp current; such that if the
sub-assembly were to be disconnected, and if the lamp
were to fail to draw said largp current, the magnpitude of
the AC cufput voliage would attain a level substantially
higher than the level atiained with the sub-assembly
connecied.

14. The arrangement of claim 13 wherein the seb-
assembly is further characterized in that it is operative under
said certaip condition to cause the Fequency lo increase.

15. An arrangement comprising:

a power source operative to snpply a power line voltage

at a pair of power line terminals;

a lamp having lamp terminals and being operative to

provide light when drawing 2 lamp current; and

a main assembly characterized by: (i) having power input

terminals connected with the power lne terminals; {ii)
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having AC ountput lerminals connected with the lamp straight sections of tubing, each one baving a first
terminals; (iii) providing an AC output voltage at the cross-sectional atea; and (ii) a relatively shozt section
AC output terminals; (iv) having two terminals of tubing having a second cross-sectional area that is
between which a pair of allernatingly switching tran- subslanlially smaller than said firsl cross-sectional
sistors are series-connected and across which is pro- 5 area;

vided a DC voltage whose absolute magnitude is
always distinctly higher than that of the power line
voltage; and (v} having a sub-assembly connected
within the main assembly as well as with tbe AC output
terminals, the sub-assembly being operative under a 10
certain condition to cause the frequency of the AC
outpul voltage lo change, thereby to limit the magni-

(B) 2 main assembly having: (i) a pair of power input
terminals adapted 10 connect with a pair of lerminals
across which exists said AC power line voltage; and
(i) a pair of AC output terminals connected with the
lamp termipals; the main assembly including clec-
tronic circuitry and being otherwise characlerized

by:
tude of the AC output voltage to a leve] lower than what . . .
it would have bee]:li if the sfb—assemb]y had not been so (1) baving a tened L-C cireuil connected with the AC
connected, said certain condition occurring if the Tamp 13 output terminals, the L-C circuit having a tank-
means were to fail to draw said lamp current; such that inductor and a tank-capacitor, the tank-capacitor
if the sub-assembly were to be disconnected, and if (he being effectively connected across the AC output
lamp means were o fail to draw said lamp current, the terminals; and
magnitude of the AC output voltage would attain a (2 whepever an ordinary AC power line voltage is
level substantially higher than ihe level attained with 20 present across the power imput terminals, being
the sub-assembly connected. operalive to cause an AC output voliage o exist
16. The amapngement of claim 15 wherein the main across the AC output terminals; and
assembly is additionally characterized in thai said DC volt- (C) a mechanical structure having a screw-base oper-
age is of substantially constant magmitude. able to be screwed into and held by an ordinary
17. An arrangement comprising: ] Edison-type lamp sockef; the mechanical stricture
a power source operative fo supply an AC power line also being functional to rigidly hold together the gas
voltage at a pair of power line ierminals; and discharge lamp and the main assembly, thereby to
a combination of: form a single lamwp-ballast entity operable to be
{A) a gas discharge lamp having 2 pair of lamp termi- screwed into and powered from the AC power line
pals and being functional to provide luminons cutput 2 voltage usnally provided al an ordinary Edison-type
when supplied with an amount of lamp cusrent; the tamp socket.

gas discharge lamp being further characterized by
including: (i} two parallel-disposed relatively long * & ¥ % %
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PARAY I EI -RESONANT INVERTER-TYPE
FLUORESCENT LAMP BALIAST

RELATED APPLICATIONS

The present application is a continuation of application
Ser. No. 07/719,671 filed Jun. 24, 1991, now abandoned
which is a continuation of application Ser. No. 07/346,252
filed May 1, 1989 now abandoned, which a contirmation of
application Ser. No. 06/697,949 filed Feb. 2, 1985, now
abandoned; which was a Continuation-in-Part of Ser. No.
06/658,423 filed Oct. 4, 1984 now abandoned.

BACKGROUND OF THE INVENTION

1. Field of Invention

The preseni invention relates to power-line-operated
inverter-type fluorescent lamp ballasts, particularly of the
kind using a curreni-cxcited parallel-loaded resonant L.-C
circuit for matching the inverter output to the lamp load.

2. Prior Art

Power-line-operated inverter-type Huorescent lamp bal-
lasts using a current-cxcited parallel-loaded resonant (or
near resonan!) L-C circuit for matching the inverier outpul
to the lamp load are well known and widely used. An
example of such a ballast is described in U.S. Pat. No.
4.277,726 to Burke. ‘

One significant problem generally associated with these
ballasts relates to their relatively poor ability 1o regulate
~ lamp light output in response lo variations in the magnitmde
of the power line voltage.

SUMMARY OF THE INVENTION

Objects of the Invention

An object of the present invention is that of providing
cost-effective means for controlling and/or regulaiing the
light output associated with inverler-type flworescent lamp
ballasts,

This as well as other important objects and advantages of
the present iInvention will become apparent from the fol-
lowing description.

Brief Description

A push-pull inverter is supplied from an inductively
current-limited DXC voliage source by way of a center-tap on
a trapsformer having significant inductapce. This traps-
former inductance is parallel-coupled to a capacitance
means. A flnorescent lamp is seriesconnected wilh a
current-limiting inductor, and this lamp-inductor series-
combination is connecled in parallel with the capacitance
means.

The inverter is made lo self-oscillate through positive
feedback provided by way of a saturable current transformer.
The inverter frequency is determined by the samration bme
of this current transformer, which safuration time is designed
to be somewhat longer than the half-cycle period of the
natural resonance frequency of the transformer inductance
means combined with the parallel-coupled capacitance
means as well as the parallel-coupled lamp-inductor series-
combination.

The samrable current transformer comprises a ferrite
magretic core, and the lengih of the saturation time of this
transformer is determined by the magnitude of the mapnetic
saturation fux of this ferrite core.

The magnitude of ihe magaetic saturation fux is deter-
mined by the temperature of the ferrite magnetic core: the
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higher the temperature, the lower the magnitude of the
magnetic satmration flux. By heating the ferrite core as a
function of the magnitude of the DC voltage supplying
power to the inverter, the inverter frsquency is made 1o vary
in jnverse relationship with the magnitude of this DC
voltage. As an overall result, Jamp light oulput is kept
subslantially consianl in spite of substantial variations in the
magnitude of (he DC supply voltage.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 provides a schematic circuit diagram of the pre-
ferred embodiment of the invention.

FIG. 2 provides illustration of various voltage waveforms
asspciated with the embodimen of FIG. 1.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

BDetails of Construction

FIG. 1 shows an AC voltage source S, which in reality is
an ordinary 120 Voli/60 Hz electric utility power line.
Connected directly across S is a bridge rectifier BR, the DC
output from which js applied 10 a B+ terminal and a B--
terminal—with the B+ terminal being of positive polarity in
respecl to the B- terminal. Connected directly beiween the
B+ and B~ terminals is ap energy-storing capacitor ESC.

Connected between the B+ terminal and a center-tap PCT
of the primary winding PW of a power transformer PT is an
inducior means IM. Primary winding PW has two terminals
PW1 and PW2 in addition fo ils center-tap PCT. Across
tenminals PW1 and PW2 is connecied a capacitor C, as well
as a series-combination of a fluorescent lamp FL and an
inductor L.

Power transformer PT has two secondary windings SW1
and SW2 connecled respectively with cathodes FLC1 and
FLC2 of fluorescent lamp FL.

The collector of a first lransistor Q1 is connected to
terminal PW1 by way of a first primary winding CTpl of a
saturable feedback current transformer CT} and the collecior
of a second trapsistor Q2 is connected o terminal FW2 by
way of a second primary winding CTp2 of current trans-
former CT.

Sccondary winding CTs of current transformer CT is
conpected directly between the bases of transistors Q1 and
Q2. Current fransformer CT has a ferrite magnelic core
EMC.

A diode D1 is comnected between the base and the emitter
of trapsistor Q1, with the diede’s cathode being connected
to the base. Similarly, a diode D2 is connected between the
base and the emitter of transistor Q2, with the diede’s
cathode being connected with the base. The emitters of
transisiors Q1 and Q2 are both copnccted with the B-
terminal. Connected between the B+ terminal and the base
of transistor Q1 is a resistor R1.

A Zener diode Z is connected with its cathode (o the B+
terminal and with its anode to one terminal of a resistor R2.
The oiber iermipal of resistor R2 is connected with the B—
terminal.

Resistor R2 is placed in close proximity with the ferrite
maguaetic core FMC of cument transformer CT. and a
thermal conduciion means TC is placed between resistor R2
and this ferrite magnetic core FMC.

Details of Operation

In FIG. 1, the 120 Volt/60 Hz power line vollage is
rectified by rectifier BR and, due to the filtering effect of
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capacitor ESC, provides a DC voltage of substantially
constant magnitude between the B+ and the B- terminals. At
low line voltage, the magnilmds of this DC voltage is about
144 Volt; at normal line voltage it is 160 Volt; at high line
voltage, it is 176 Volt.

The Zenering voltage of Zener dinde Z is abowt 144 Volt;
which implies (hat substantially no current flows through
tesistor R2 at low line voltage. At high line voltage, on the
other hand, current-low through the Zener dicde is only
limiled by the resistance of resistor R2, which at this point
sees a voliage of aboul 32 Volt magnimde. The value of
resistor R2 is chosen such as io provide a certain amount of
heating of ithe ferrite magnetic core of cument transformer
CT.

The purpose of providing heat to the ferrite magnetic core
is that of controlling the oscillating frequency of the inverter,
which oscillating frequency is principally determined by the
saturation time associaled with the saturable feedback cur-
rept transformer CT. This saturation time is principally
determined by the saturation magnelic flux densily of the
ferrite magnetic core FMC; and the salurafion flux density,
in turn, is a function of the temperature of the ferrite
magnetic core: the higher the core lemperature, the lower the
magnifde of the saluration flux density.

Otherwise, the operation of the inverter circuit itself,
which consisis of inducior means IM, power transformer P,
satwrable feedback current transformer CT, transistors Q1
and Q2, diodes D1 and D2, and biasing resistor R1, may be
undersiood as a very special combination of the basic
inverter circuits described in U.S. Pat. No. 4,277,726 1o
Burke and in U.S. Pat. No. 4,279,011 to Nilssen. By com-
bining features of these two types of inverter cirouits, useful
effects may be obtained.

In the basic inverter circuit described by Burke, inverier
oscillaling frequency is determined by Lhe inductance of
power transformer PT as naturally interacting with the net
capacitive reactance parallel-copnected Lherewith (ie., pre-
dominantly C).

On the other hand, in the basic inverter circuit described
by Nilssen, inverter oscillating frequency is determined by
the saturation time of the saturable feedback current trans-
former.

Thus, in (be circnit of FIG. 1, inverter oscillating fre-
quency is principally determmined by the saturation time of
salurable feedback current transformer PCT. However, for
this to be the case, it is necessary that this sateration time be
lopger than the half-period of the manrral resomance fre-
quency associated with the induclance of the power trans-
former as inmleraciing with the pet capacitive reactance
represented by capacitor C and the effect of the Joad circanit
(which consists of inductor L in series-connection with the
fuorescent lamp).

By way of various voltage waveforms, FIG. 2 effectively
illustrates the operation of the inverler circmitl of FIG. 1.

FIG. 22 shows the intermiltently smusoidal waveform of
the voltage present across power transformer PT as observed
between iis center-lap PCT and terminai PW1 for the
sitwation of low line voltage; in which situation the magni-
tude of the DC supply voltage is 144 Volt. Thus, in this
sifuafion, the average magnitude of the voltage existing
during a complete half-cycle (i.e., between points Xa and Ya
in FIG. 24) mus! by basic necessity be 144 Volt.

By choice of saturation time of cwrrent transformer CT,
and with no heating provided by resistor R2, the width Wa
of this complete half-cycle is made to be aboul 22% wider
than the width Ws of the base of the sinusoidal half-cycle
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existing between points Xa and Ya. As a necessary conse-
quence of this fact, the amplitude of the sinuscidal half-cycle
per se must be abowt 22% Jarger than would have been the
case if the widith Ws of this sinusoidal half-cycle had been
equzl to fhat of the complete inverler half-cycle Wa—the
reason being that the average magnitude of the complete
inverter half cycle musl in this case by basic pecessity be
equal to 144 Voli.

In FIG. 24, it is poted that the simusoidal half-cycle
located between points Xa and Ya is a halfcycle of the
natural resonance action between the inductance of power
transformer PT and the combination of capacitor C and the
load circuit consisting of inducior L. connected in series with
the fluorescent lamp FL. Thus, the degree that the distance
between points Xa and Ya is longer than the base of the
sigusoidal balf-cycle corresponds to the degree thal the
inverter's oscillating frequency is lower than the npatural
resonance frequency of the inductance of power ransformer
PT as interacting with the combinalion of capacitor C and
the load circnit.

FIG. 2b shows (e comesponding vollage waveforms
existing under the condition of normai line voliage, in which
case the magnitude of the DC supply vollage is 160 Volt. In
this case, due lo heating by resistor R2 of the femile
magnelic core of transformer CT, the saturation time of this
saturable transformer has been shortened to the point where
the width Wb of (he complete inverter halfcycle is only
about 11% wider than the width Ws of the sinusoidal
half-cycle. In this case, the average magniinde of the voltage
exisling between points Xb and Yb must by necessity be
equal to 16¢ Volt; which implies that the magnitude of the
sinusoidal balf-cycle per se must be about 11% larger than
it would have been if Ws had been equal to Wh.

FIG. 2¢ shows the comesponding voltage waveforms
existing under the condition of maximum line vollage, in
which case the magnitnde of the DC supply voltage is 176
Voll. In this case, due to further heating by resistor R2 of the
ferrite magnetic core of transformer CT, the saturation time
has been been shoriened to the point where the width of We
of the complele inverler half-cycle is about equal to the
widih Ws of the sinusoidal half-cycle. In this case, the
average magnitude of the voltage existing between points
Xc and Yc mus! by basic necessity be equal to 176 Volt.
Also, at this point, the inverter oscillaling frequency equals
the natural resonance frequency of the inductance of power
transformer PT as inlerzcting with the combination of
capacitor C and the foad circuit.

Comparing FIGS. 2a, 2b and 2c, it is seen that the
magnitude of the sinusoidal haif-cycles remains roughly
copstant even though the magnitude of the DC supply
voltage varies over a range of +/~10%. The inverter
frequency, on the other hand, changed substantially in
inverse proportion to the magnitude of the 3C supply
vollage. Wilh an imductor as the lamp current-limiting
means, the overall implication is such [hrat the power pro-
vided to the lamp remains substantially constant as the
roagnitude of the DC supply voltage changes by +/-10%.

The degree of controlling effect achieved depends on the
degree of heating provided by resistor R2 to the magnetic
ferrite core of transformer CT: the lower the resistance of
R2, the better the thermal coupling between R2Z and the
magpetic fernite core MFC, the smaller (he physical size of
transformer CT, the lower (he heat losses from MFC, etc.,
the larger the degree of conirol. It is readily possible to
provide for a change in the saturation time of some +/-20%
as a result of the +/-10% chanpe in the magnitude of the DC
supply voltage, in which case the result would be over-
regulation.
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It is readily possible io provide for an additional and/or
separate means for controlling the amount of heating pro-
vided to the ferriie core. For instance, a2 variable resistor
means could be used to provide a selectable initial tempera-
ture bias; which, inter alia, could be used for control of light
output irrespective of the magnitude of the DC supply
voliage.

Or, the imput from a light control means, such as a
photo-cell, conld be used for automatically affecting the core
temperature and thereby io correspondingly control the
amount of light provided by the lamp.

If, instead of an inductor, a capaciior were to be used as
a lamp current-limiting means, it would still be possible to
achieve light outpul regnlation by way of controlling the
saturation flux Lmits of the magnetic ferrite core of the
saturable feedback transformer. However, in this case it
would be necessary to heat the magnetic ferrite materia] in
inverse relationship with the magnitude of the DC supply
voltage,

By making R2 nor-linear (such as, for inslance, combin-
ing it with a Zener diode and/or a thermistor), it is possible
1o provide an improved regulation profile, thereby aitaining
more accurate regularion of light outpul as function of line
vollage magnitude variations.

The voltage waveforms illustrated by FI1G. 2, such as the
one shown by FIG. 2a, correspond 1o the voltage provided
to the series-combination of inductor L and flucrescent lamp
FL. These waveforms may be described as sinusoidal half-
cycles interconnected with periods of substantially zero
voltage.

Also, by selectively modifying the functional relationship
between the magnitude of the DC supply voltage and the
amount of heat provided to the ferrite magnetic core, it is
possible to arrange for the net inverter outpul voltage (as
illustrated by FIG. 2) to behave in a wide variety of different
ways: il would readily be possible lo make the RMS
magnitude remain copslant as the magnitude of the DC
supply voltage changes; of, 1o have the power provided to
the Joad circuit (i.e., to the lamp) remain consiant as the
magnitude of the DC supply voliage changes; or, ko bave the
magnitude of the fundamental frequency-component of the
waveforms in FIG. 2 decrease in direct proporticn with the
basic repelifion frequency of the waveforms (i.e., the basic
inversion frequency); or, conversely, to make this repetition
frequency decrease in direct proportion to the magnitude of
this fundamental frequency component; elc.

In respect to the effect of temperature on the magnitude of
the magnelic saturation flux of ferrite magnelic cores, ref-
erence is made to various handbooks and product calalogs
relating 1o magnetic ferrites for inverter applications.

It 1s believed that the present imvention apd its several
allendant advantages and features will be understood from
the preceeding description. However, without departing
from the spirit of the invention, changes may be made in its
form and in the construction and inlerrelationships of its
compenent parts, the form herein presented merely repre-
senting the presently preferred embodiment.

‘What is claimed is;

1. An arrangement comprising:

an ordinary elecide utility AC power line operable (o
provide an AC power line vollage at a pair of AC power
line terminals;

a voltage conditioning circuit having a set of AC input
terminals drawing an AC input current and being
operative to provide a DC supply voltage at a pair of
DC supply terminals; the magnitnde of the DC supply
voltage being substantially constant;
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an inverter circuit having 2 pair of DC inpat terminals and
a pair of AC output terminals; the inverter circuit being
characterized in that its pair of DC input terminals
draws a DC current and its AC oulput termigals sup-
plies an AC oulput voltage; the AC outpnt voltage
being of a2 frequency snbstantially higher than that of
the AC power line voltage and having a waveform
consisting of simisoidally-shaped half-cycles of vollage
of alternating polarity; the waveform having a repeti-
tion period and being substamiially sinusoidal except
for a disiinet discontimiity occurring over a brief period
during ¢ach repetition period at or near each point-in-
time where the instanfaneous magpitude of the AC
oulpul voltage changes polarity; said brief perfod being
substantially shorter than half of the duration of one of
said half-cycles; the inverter circuit being further char-
aclerized by including two periodically conducting
transistors, one of which is always conducting;

a gas discharge lamp;

the equivalent of an induclive impedance; and

the equivalent of a reactive impedance;

ihe arrangement being inter-connected such thai:

(1) the AC input terminals are connecled with the AC
power line lerminals;

(2) the DC input terminals are connected with the DC
ontpnt temminals by way of said equivalent of an
inductive impedance; and

(3) the lamp and said equivalent of a reactive imped-
ance are series-connected across the AC output ter-
minals.

2. The arrangemeni of claim 1 further characterized in that
the magnifude of the AC outpnt voltage is distinctly lower
during said brief period, as averaged over said brief period,
thap it would have been had said wavefonm been smoothly
sinusoidal.

3. The arrangement of claim 1 wherein the instantaneous
magpitude of the AC output voltage is at or near zero during
said brief part.

4. The arrangement of claim 1 wherein the inverter circuit
is further characterized by including the equivalent of an
induetive reactance parallel-connected with the equivalent
of a capacitive reactance, thereby to form a parallel-resonant
circuil having a naturat resonance frequency distinetly dif-
ferent from ihat of the AC outpnt voltage.

5. The arrangement of claim 1 funber characterized by
having the equivalent of a control circuit operative to coatrol
the duration of said brief pari.

6. The arrangement of claim 1 further characterized by not
including a capacilor series-connected with an inducter so as
to form a near resonant circuit.

7. An arrangement comprising: :

an ordinary electric utility AC power line operable 1o
provide an AC power line voltage at a pair of AC power
Line terminals;

a voltage conditioning circuit having a set of AC input
terminals drawing an AC inpui curent and being
operative 1o provide 2 DC supply voltage at a pair of
DC supply terminals; the magnitude of the DC voltage
being substaniially constant;

an Ioverter circuit having a pair of DC input terminals and
a pair of AC output terminals; the fnverter circuil being,
characterized in that ils pair of DC inpul termimals
draws a DC current and its AC output terminals sup-
plies an AC output voltage; the AC output voltage
having a waveform and being of & frequency substan-
tialty bigher than that of the AC power line vollage; the



Case: 1:03-cv-02962 Document #: 1 Filed: 05/02/03 Page 155\of 200 PagelD #:155

US 6,472,827 Bl

7

waveform having a repetition period and being sub-
stantially sinusoidal except for a dislinct discontinmily
ocourring over a brief period during each repelition
period at or near each poinl-in-time where the instan-

8

input lerminzls being connected with the AC power line
terminals; the power supply being chamcterized by: (i)
being operative 1o provide ar AC cutput vollage across
the AC ounipnt lerminals; (i) including a first inductor

taneous magnitude of the AC output voliage changes 3 parallel-connected with a first capacitor so as 1o form a
polarily; said brief period being substantially shorter para.llel—refsqnam circuit with a natural resonance fre-
than one quarier of said repetition period; the inverter quency distinctly different from the frequency of the
circnit being further characterized by including two AC output voliage; and (jii) by not including a capaci-
periodically conducting transistors, neither one of tor series-connecied wilh an inductor so at to form a
which is non-conducting at the same time; 10 resonant circuit; Lh_e AC 'oulput vollage being of a
discharge Tamp havieg a pair of lamp terminals: frequency substaniially kigher than ihat of the AC

a gas dl 5 P ngap p letm » power line vollage and having a waveform consisting
the cqu}valeut of an inductive impedance having inductor of sinusoidally-shaped half-cycles of voltage of alter-
terminals; and L . nating polarity; the waveform having a repetition
the equivalent of a reactive impedance having reacior period equal 1o that of the AC outpul voltage and being
terminals; 15 sinusoidal except for a distinct discontinuity occurring
the armangemenl being structured such that: over a brief period during each repetition period al or
(1) the AC imput terminals are connected with the AC near each point-in-time where the instantancous mag-
power line terminals, nitude of the AC output voitage changes polarity; said

(2) the DC input lerminals are conaected with the DC brief period being shorter than half the duration of one
ontput terminals by way of the inductor terminals; 20 of said half-cycles; the power supply being further

and
(3) the lamp termimals are conmected with the AC
output terminals by way of ihe reactor lerminals.
8. The arrangemenl of claim 7 further characterized by not

characterized by including two periodically conducting
transistors, at least one of which is conducting at any
given time; and

a gas discharge lamp comnected with the AC ouiput

including a capaciior series-connected with an inductor so as =5
to form a resonant circuit that is naturally résonant near said
frequency.

9. The arrangement of claim 7 wherein the arrangement is
still further characterized by not having a capacitor parallel-
connected with the fluorescent lamp. 30

10. An arrangemenl comprising:

an inverter-lype power supply having a pair of AC inmput

terminals comected to an ordinary AC power line

terminals through the equivalent of a reaction
impedance, Lhereby lo draw a manifestly magmitude-
limited current from the AC output terminals.

14. The arrangement of claim 13 further characterized in
that the twe transistors conduct simullaneousty for a short
time at least once doring each repetition period.

15. The arrangement of claim 13 wherein the absclute
magnitude of the AC output vollape al or near zero during
said brief period.

voliage and a pair of AC output lerminals al which is
provided an AC oulput current of frequency much
higher than that of the AC power line voliage; the
power snpply being further charzcterized by including:
(i) a first inductor parallel-connecled with a first capaci-
tor 50 as to form a parallel-resonant circuit with a
natural resonance frequency higher than the frequency
of the AC output current; (if) two altematingly con-
ducting transisiors arranged so that at least one of the
two transistors is always conducting; and (fii} a control
sub-circuit operative to maintain the magnilude of the
AC oulput curent at an approximately constant level
irrespective of variations in the magmitude of the AC
power line voltage by as much as plus-mipus ten
percent; the power supply being further characterized
by not including a second inductor and a second
capacitor series-connected so as lo form a near reaso-
napt circuit; the comtrol sub-circuit being farther char-
acterized by not including the equivalent of two iran-
sistors arranged in a Darlingion cirenit; and

a gas discharge lamp connected with the AC oulput
terminals so as 1o receive said AC output current.

1. The arrangement of claim 10 wherein the two alter-

natingly conducling transistors periodically exhibit simulla-
neous copduction.

12. The arrangement of claim 10 further characterized by
incleding a pair of terminals across which exists 2 DC

35

40

45

55

16. An arrangement comprising:

a voltage conditioning circuit commected with an ordinary
AC power line voltage and operative to provide a2 DC
supply voltage at a pair of DC supply terminals; the
voltage conditioning cirenit being operative to supply a
subslanlially constant-magnitude voltage at a pair of
DC supply lerminals;

an inverter circuit connected with the DC supply termi-
nals by way of an inductive reactor means and opera-
tive to supply an AC outpul voltage at a pair of AC
ouiput terminals; the AC cutput voltage being of a
frequency substantially higher than that of ihe AC
power line voltage and having a waveform consisting
of sinusoidally-shaped hatf-cycles of voltage of alter-
nating polarity; the waveform having a repetition
period and being substantially sinusoidal except for a
distinct discontinuily occurring over a short time-
pericd during each repetition period al or pear each
point-in-time where the magnitude of the AC output
voltage changes polarity; said short time-period having
a duration substantially shorter than half of that of one
of said half-cycles; the inverter circuit being farther
chamaclenized by including two penodically conducting
transistors, at least one of which is conducting at any
given (ime;

the equivalent of a reactive curtent-limiling means having
two reactor terminals,

voltage of substantially constant magnitude higher thao 146 s0 gas discharge lamp having two lamyp terminals; one of
Volt. . the lamp terminals being cifectively cornected directly
13. An arrangement comprising: with one of the AC output terminals; the otber one of
an ordinary eleciric utility AC power line operable to the lamp terminals being connected with the other AC
provide an AC power line voltage al a pair of AC power output terminal through said equivalent of a reactive

line terminals; 55 impedance means.

an inverter-type power supply having a pair of AC input
terminals 2nd a pair of AC outpul terminals; the AC

17. The arrangement of claim 16 further characterized in

that the magnitude of the AC output vollage is distinctly
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9 10
lower during said short time-period, as averaged over said of the AC output terminals; the other one of the Tamp
short time-period, than it would have been had said wave- terminals being connected with the other one of the AC
form been smoothly simusoidal. outpul terminals through said reactive impedance.
18. The arrangement of claim 17 wherein the instanta- 22. An arrangement comprising;:

- neous magnifude of the AC output voltage is at or near zero 5
during said brief Gme-period.
19. The arrangement of claim 16 wherein the waveform of
the AC oulput voltage is substantially simsoidal except for
a brief lime-span during which the absolute magnitude of the
slope of the waveform is distinctly lower than it would have g
been at said point-in-time if (he waveform had indeed been
smeothly sinusoidal.
20. An arrangement comprising:
a vollage conditioning circuit connected with ordinary AC
ower line voltage and operative to provide a DC o - 3 PP . .
gupply voltage 2 tga pair ofp‘]:)C s‘upplyptcrmin als; the 15 repelition period; the brief time-period beipg shorter

! 5 . than one quarier of the repetition period; lhe inverler
magnitude of the DC voltage being substantially con- circuit be?;g further ch;erg cterize dp by including two
stant;

periodically conducting transistors, at least one of
which is conducling at any given time; the ransistors

an inverter circuil powered from a source of DC voltage
of substantially ¢onstant magnitnde and operative Lo
provide an AC output voltage at a pair of AC output
terminals; the AC output voltage having a waveform
consisting of sinusoidally-shaped half-cycles of voitage
of alternating polarity; the waveform being intermrit-
tently sinusoidal in that each sinusoidally-shaped half-
cycle is separated by a brief time-period during which
the waveform lemporarily but distinctly deviates from
its otherwise simuscidal nature; the waveform having a

an inverter circuil being connecled with the DC supply
terminals and having a pair of AC output terminals at

which is provided an AC output voltage; the AC output % cach having a base-emilter junction; the base-cmitter
voltage having a waveform and being of a frequency junctions quﬂy receiving a upidirectional bias current
substantially higher (han that of the AC power hine of substantially conslznt magnitude;

voltage; the waveform having a repetition period and a currenl-limzting reactive impedance;

being substantielly sipusoidal except for a distinct 45 2 gas discharge lamp;

gf?;rmzaozuﬁfi;?gwe};ﬁ rfﬁ’:[lii‘;fmpg‘:gg the ]-amp and 1be current-limiting Teactive impec_]ance
magnitude of the AC outpui voltage changes polarity 23bemg series-connected across the AC output leljl]:llﬂa]s.
and vecnpying, a time-span hat is substantially shorter 43 T:hc arrangement of _clalm 22_ wherclam the mveftcr
than one quarter of said repetiion period; the mverter circuit is Purther ch_aractenzcd by including a capacilor
circnit being further characterized by including two 30 parallel-conpnecied v_vﬂh an inductor so as (o form a parallel-
periodically conducting transistors, at least one of resonant circuit having a natural resopance frequency that is

which is conducting al any given time; distinctly different from the frequency of the AC oufput
a currenl-limiting reactive impedance having a pair of  voltage.
reactor terminals; 24. The arrangement of claim 22 further characterized by

a gas discharge IansEp baving a pair of lamp tenminals; ote 35 pot including: () an inductor series-conmected with a
of the lamp terminals being connecled directly withone  parallel-combination of a capacitor end a gas discharge
of the AC output termimals; the other onc of the Jamp famp; and (i) 2 leakage reactance transformer.
terminals being connected with the other one of the AC 25, An 4mTan isin-

" . S . gement comprising:
output terminals through said reactive impedance; ; >
the arrangement being further characterized by: (i)} mot s0 2 inverter circnit powered from a source of constant-

- ; . fude DC voltage and operative to provide an AC
mclidipg a high frequency leakage transformer; apd magny . & op b -
(i) not wcleding an mductor serics-conmected with 2 voltage al a paif of AC terminals; the AC voliage being
lamp-capacitor parallel-combination. of a frequency substantially higher than that of ordinary

21. An arrangement comprising; AC power line vollage and having a waveform con-

sisting of sinusoidally-shaped haif-cycles of voltage of

a voltage conditioning circuit connecied with ordinary AC 45 aliernating polarity; the waveform having 4 repetition

ower line voltzge and operative 1o provide a DC - . . - .
Eupp]y valtage atga pair ofP?JC supplyplermin als: (he period and being substantially sinusoidal excepl for a

! : - i distinel discontinuity occurring during a brief time-
:?:Ef-mudc of the DC vollage being substantially con span at least once during each repetition period at or
£l

near a poinl-in-time where the instanianecws magnitude

an inverter circuit betng connected with the DC supply

. _ . h 50 of the AC outpnt voltage changes polarity; said brief
terminals and having a pair of AC output ierminals at time : -
s . i -span being substantially shorler than haif of the
vwotiltcagclshl?al;fi;lgd2dﬁ:v?gﬁﬁggfﬁgeéfﬁ?nﬁ%?ﬁ;[ duration of one of said hali-cycles; the inverter circuit
1 - 1 i 1 i iodi-
shaped half-cycles of voltage of alternating polarity, Eeanu;g ;"—;gﬁ;’tg‘;ﬂr ;Z]l;’asrilsztggs b)cf) [i:cq})l‘;'di:{%j C[]\::vclls P:ﬁ?;;;ls
such that the waveform is inlermittently sinusoidal in 55 conducting; each trapsistor h,aving a basc-emilter junc-
Elgacg£ig“&Y:§E£§ a::g]b}'raarl;_’lncg&‘tné;ﬂzréﬁd tion; the two base-emitter junctions jointly receiving = '
deviatges from its otherwi sh]usol:;ccylalngmre' ihe wavcjj fogward bizs current of substaptially constant magni-
T 15¢€ £ N
form having a repetition period; the brief time-period fudles kit . i
being substantially shorter than ome quarter of the a Curm]f“' miting reactive impedance;
repetition period; the inverter circuii being farther 60 2 gas discharge Jamp;

characterized by including two periodically conducting
transislors, al least one of which is conducting at any
given time;

a currenl-fimiting reactive impedance having a pair of
reactor terminals;

a gas discharge lamp having a pair of lamp terminals; one
of the lamp terminals being connected direcily with oze

the lamp and the curreni-limiting reactive impedance

being series-connected across the AC outpul termipals.

26. The arrangement of claim 25 including a parallel-

comnected L-C circuil having a satural resonance frequency
distinetly different from the frequency of the AC voltage.

F ok k% ok
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cpt 90862 Medication Management (cdw ver. 4-24-95} 30862.00C
Patient: Date
Current Medication: 1)

2)
3)
4)
5)
€)
Diagnoses:  Axis 1:
Axis 3:
Axis 2: GAF
Subjective:
Objective : APPEARANCE AFFECT.
SPEECH CONCENTRATION
MEMORY IRRITABILITY
APPETITE AN HALLUC.
CRYING SPELLS ENERGY LEVEL
SLEEP WEIGHT
SIDE EFFECTS:
RESPONSE OF DEPRESSION SYMPTOMS TC MEDICATIONS:
EXCELLENT @oah FAIR POOR NA
RESPONSE OF ANXIETY SYMPTOMS TC MEDICATIONS:
EXCELLENT aooD FAIR POOR N/A

CONCURRENT MEDICATION CONDITIONS:

ASSESSMENT:

PLAN: 1) Continue meds:

2} Change dosage:

3) Mow Med:

4)

LAB STUDIES ORDERED:

OTHER:

Fig. 1
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Case Processing Summary(a)

Cases

Included Excluded Total

N |Percent| N |Percent| N |Percent
ankle * MEDS * Compaosition 4| 3.1%(127{ 96.9% [131[100.0%
arm * MEDS * Composition 10| 7.6%(121] 92.4% [131]100.0%
Back * MEDS * Composition 69 52.7%| 62| 47.3% {131]|100.0%
elbow * MEDS * Composition 11 8.4%(120] 91.6% |131{100.0%
headache * MEDS * Composition| 131|100.0%( 0| .0%|131{100.0%
Knee * MEDS * Compaosition 19| 14.5%(112| 85.5% |131{100.0%

hip * MEDS * Gomposition 15| 11.8%|116; 88.5% [131{100.0%
Neck * MEDS * Composition 28| 21.4%|103{ 78.6% |131(100.0%
leg * MEDS * Composition 13{ 9.9%118| 90.1% |131|100.0%

shoulder * MEDS * Composition | 25| 19.1%[106| 80.9% |131/100.0%
wrist * MEDS * Compeosition 26| 19.8% 105 80.2% [131|100.0%
a Limited to first 150 cases

P
Case
]
Number ankl arm
1 26
2 33
3 41
5/5/10 4 59
5 73
6 80
. N
c~dox-gu | Composition Total
Mean
1 98
2
/5110 112
N
Total
Mean

Fig. 2A
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N
Total
Mean
1 34
5/5/5 Total N
c-gab-do | Composition Mean
Total N
Mean
1 5
4
Total N
Mean
' . 1 81
carly Composition 8 N
Total -
Mean
Total N
Mean
4 12
2 40
4/5 8 49
. - 4 64
carb-ami | Composition N
Total
Mean
Total N
Mean
1 27 . |mild-moderate
2 35 .
414 3 128 . Imoderate
carb-gab | Composition N ’ 2
Total
o Mesan 1.750
N ‘ 2
Total
¢ Mean 1.750
1 4 . Imoderate
2 13
3 15

Fig. 2B
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4 42
5 46 .|none
6 74
° 7 95 moderate
dox Composition
8 116
9 121 .
10 128 .|moderate
Total N 1 8
Mean 2.000 1.333
Total N 1 3
Mean 2.000 1,333
1 10
713 Total N
Mean
1 21
2 29
510 3 30
dox-chf [Composition Total N
Mean
1 83
7H0 Total N
Mean
N
Total Woan
1 7
2 9
3 14
4 18
5 20
6 25
7 36
8 50

Fig. 2C
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Fig. 2D

9 58
10 71
510 11 76
12 77
13 80
14 97
15 101
16 103
17 108
dox-guai | Compsition 18 123
19 131
N
Total ry—
22
2 47
7110 3 111
N
Total Moan
1 23
2 48
3 53
10110 |4 57
5 67
Total N
Mean
N
Total Mean
1
45110 Total N
Mean
1
2 32
3 39
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4 44
5 51
6 54
g-dox-gu | Composition ! 62
5/5/10 |8 72
9 85
10 87
11 g3
12 119
13 129
N
Total Moan
Total N
Mean
1 37
2 65
b/5 3 68
gab-dox |Compositioh N
Total
Mean
N
Total
Mean
1 86
10/4/5 N
k-ca-dox |Composition Total Mean
N
MEDS Totel - N iean
1 43
10/6/3 N
Total Noan
1 102

Fig. 2E
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-car-pi ith 2 104
k-car-pi Compos, fon 043
Total N
° Mean
Total N
Mean
1 100
20/10/5 N
- Total
k-dox-ch |Composition Mean
Total N
Mean
a5 &
Total [ N
1 63
k-dox-gu | Composition |20/5/10 Total N
’ Maan
N
Total Moan
1 122
10/4/3/5 N
\ - Total
k-dox-pi |Composition Mean
Total N
Mean
i 17
10/4/5/10 Total N
k-g-do-g | Composition %4 'Mean
N
Total Mo
1 115 none
20/4 Total N . 1
k-gab Composition Mean .000
N 1
Total -
° Msan .000
i 117

Fig. 2F
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20/5/5 N
Total
k-gab-am| Composition Mean
Total N
Mean
1 55
20/4/5
Total N
Maan
1 99 |major
10/5/4
Total N 1
Mean 3.000
k-gab-do | Composition ! 3
Y Po 10/5/5 N
Total
Maan
1 118
20/5/5
& Total N :
Mean
Total N 1
Mean 3.000
1 94
20/4/41
Total N
- Mean
- 1 105
k-gab-gu | Composition o0/5/5 N
Total
Mean
Total
Mean
1 2
2 8 . [major
3 19
4 31
5 38
6 45 .|none

Fig. 2G
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7 56
10/4/3 | g 78
89
10 109
11 120
12 124
13 130
Total N 2
Mean 1.500
1 16 .
k-gab-pi | Composition o o8 Tmid
3 52
4 66
5 69 .
6 75[moderate
10141 | 82
8 84
9 88
10 91
11 98 |major
12 125 .
Total N 2 1
Mean 2.500 1.000
1018 1 14
Total [ N
N 2 3
Total Mean 2.500 1.333
1 127
10/3 N
k-pi Composition Total Mean
Total N
Mean
1 110

Fig. 2H
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5/5M10
. . Total N
la--gu  |Composition Mean
N
Total
Mean
1 3 . |moderate-major
710 N P
Total
Mean 2.500
1 24
I hl |Co ition 2 °
am-c mposition| . .4 3 106
Totat N
0
Msan
Total N L
Mean 2.500
1 79
30/5/5 N
. Totai
n-dox-ch |Composition Mean
N
Total Mean
a0 1 60
naproxen [Composition Total [N N
Total N
1 61
710 N
Total
N Mean
1 92
tri-chl C iti
i-ch omposition 7115 2 107
Total N
Mean
Total N
Mean
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N 4 i0
Total Mean 2.500 1.400

June 2 1999 N=131
a Limited 1o first 150 cases

Fig. 2J



Case: 1:03-cv-02962 Document #: 1 Filed: 05/02/03 Page 171 of 200 PagelD #:171

US 6,479,074 B2

1

METHODS AND TRANSDERMAL
COMPOSITIONS FOR PAIN RELIEF

CROSS-REFERENCE TQ RELATED
APPLICATIONS

This application claims priority Lo divisional application
Ser. No. 09/652,662 filed Aug,. 31, 2000, U.S. Pat. applica-
tion No. 09/342,679 filed on Jun. 29, 1999, abandoned U.S.
Provisional Patent Application No. 60/122,503 filed on Mar.
5, 1999, and is also a continuation-in-part of U.S. patent
application Ser. No. 09/106,684 filed on Jun. 29, 1998, now
U.S. Pat. No. 6,290,986 which is a continuation-in-part of
PCT Application Ser. No. PCT/US97/19651 filed oz Oct. 24,
1997, and a continuation-in-part of 1.8, patent application
Ser. No. 08/957,485 filed on Oct. 24, 1997, now abandoned,
and U.S. Provisionzl Patent Application Ser. No. 60/029,120
filed on Oct. 24, 1996. The conients of all of the aforemen-
tioned application(s) are hereby incorporated by reference.

FIELD OF THE INVENTION

The present invention is directed to methods and compo-
sitions for transdermal administralion. In particular, the
present invention is directed to methods and compositions
for the transdermal administraiion of an amine containing
compound having biphasic solubility and/or an agent which
enhances the activity of the amine containing compound
having biphasic solubility, ¢.g., a muscle relaxant, to relieve
pain.

BACKGROUND OF THE INVENTION

It is believed that damage to somatic sensory nerves
causes a somatic sensory loss. Such damage can be caused
by a variety of means including Irauma, diseases such as
dizbetes, herpes zoster and late-stage capcer, chemotherapy,
orby a chemical injury. 1t is believed that neural pain circuits
rewire themselves, both anatomically and biochemically,
after merve injury. In many patients suffering from damage
to somatic sensory nerves, negative symploms such as
numbness are joined by positive sensations, involving a sort
of false sensation of pain. The experience can range from
mild dysesthesia to excruciating pain, rendering some
patients unable to work, walk or do other daily activities.

In the pasl, patients were generally treated by adminis-
tration of analgesics to relieve pain. A vast rrajority of such
patients receive doses of these agents arally, Unfortunately,
in some situations, oral administration of such agents has
been associated with a variety of side effects, such as liver
damage, kidney damage, gasirointestinal side effects,
addiction, sedation, and/or weight gain which cannot be
tolerated well by the patient. In other cases, malabsorplion
of oral preparations have resulted in subtherapeutic plasma
levels. In other cases, the agents have relatively short plasma
half-lives, necessitaling inconveniently frequent dosing. In
general, oral delivery involves a time delay as the analgesic
is absorbed via the digestive system before entering the
bloodsiream. A number of agents which have traditionally
been administered orally or by injection have been inappro-
priate or suboptimal for some patients when
so-administered. There are a oumber of medications which,
in at least some patients, are oot tolerated well when orally
administered (e.g. which cause undesirable gastrointestinal
or other side effects) and/or which provide undesirably high
or low concentrations or delayed concentrations in a target
tissue. In some cases, dosages which are appropriate for oral
administration, upon being distributed more or less uni-
formly throughout the body, are undesirably low in a par-
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ticular area, ¢.g., tissue, to achieve desired resnlts. Oral or
injection administration may result in too slow or too rapid
inerease in blood plasma levels, €.g., may involve an ynde-
sirably long time delay as the analgesic is absorbed by the
digestive system before entering the bloodstream, or may
resulf in a “spike” in blood plasma levels followed by an
undesirably low level, where a more constant level would be
preferable. Some analgesics are particularly prome o cause
or contribule to kidney or liver damage when administered
orally.

Although other forms of delivery of phammaceuticals
agents are known, each has its drawbacks. Parenteral (i.c.,
intravenously or intramuscularly injected) adminisiration is
inconvenient and expensive, and is rarely used outside the
hospital. Inhalation is believed to be not feasible with many
analgesic agents currenlly in use. Therefore, there is a need
for an analgesic delivery system which provides effective
and acceptable levels, while preferably avoiding or reducing
undesired effects such as liver damage or gastrointestinal
side effects.

SUMMARY OF THE INVENTION

The present invention provides a transdermal composition
for the treatment of pain in a subject, particularly a human
subject. The transdermal composition for the treatment of
pain in a subject includes an amine containing compound
having biphasic solubility in an amount effective {o treat
pain in a subject and a pharmacsutically acceptable carrier
suifable for transdermal delivery of the amnine containing
compound, ¢.g., a lecithin organogel carrier. In a preferred
embodiment, the transdermal composition further includes
an agent which enhances the activity of the amine containing
compound having biphasic solubility, e.g., a muscle
relaxant, such as guezifenesin, chlorzoxazone, dantrolene
sodium, metaxzlone, carisoprodol, and combinations
thereof. Preferably, the agent which enbances the activity of
the amine containing compound having biphasic solubility,
€.g., the muscle relaxant, also has a biphasic solubility.

In cne embodiment of the present invention, the amine
containing compound having biphasic solubility is an anti-
depressant compound, such as a tricyclic antidepressant
compound, e.g., doxepin oI trimipramine.

In anoiher embodiment of the presenl invention, the
amine containing compound having biphasic solubility is a
sodirm channel blocker, an anti-epileptic compound, or an
anti-convulsant compound.

Ancther embediment of the invention features a transder-
rual composition which includes an 2mine-containing com-
pound as described herein and an anti-inflammatory
compound, such as a nonsteroidal anti-inflammatory
compound, e.g., celecoxib, etodolac, mefanamic acid,
nabumetone, salsalate, naproxen, vioxx®, and combinations
thereof. Such a composition can further include an agent
which enhances the activity of the amine containing
compound, e.g., 2 muscle relaxant such as guaifenesin.

In another aspect, the invention features a transdermal
composition for the treatment of pain in a subject including
an amine contzining compound having biphasic solubility in
an amount effective to treat pain in a subject; a muscle
relaxant in an amount effective to enhance the activity of ihe
amine containing compound having biphasic solubility; and
a pharmaceutically acceptable carrier suitable for transder-
mal delivery of the amine containing compound having
biphasic solubility and the muscle relaxant.

In yet another aspect, the invention features a transdermal
composition for the treatment of pain in a subject including



Case: 1:03-cv-02962 Document #: 1 Filed: 05/02/03 Page 172_of 200 PagelD #:172

US 6,479,074 B2

3

doxepin in an amount effective to ireal pain in a subject-
;. guaifenesin in an amount effective to enhance the activity
of doxepin; and a pharmaceutically acceptable carrier sit-
able for transdermal delivery of the doxepin and the guaifen-
esin,

Other aspects of the invention feature methods for treating
pain in a subject in which the subject is contacted with a
transdermal composition including an amine containing
compound having biphasic solubility in an amount effective
to treat pain in the subject; and a pharmaceutically accept-
able carrier sujtable for transdermal delivery of the amine
cantaining compound to thereby treal pain in the subject. In
a preferred embodiment, the transdermal composition is
applied to the skin of the subject.

Another aspect of the invention features a method for
selecting a compound suitable for treating pain in 2 subject.
The method includes transdermally administering an amine
containing compound having biphasic solubility to a sub-
ject; and determining whether pain is treated in the subject
to thereby select a compound suitable for treating pain in a
subject. In a preferred embodiment, the method can further
include modeling the compound using a computer equipped
with a three-dimensional chemical structure modeling pro-
gram; and determining whether the three dimensional
chemical struciure of the compound possesses sufficient
characteristics to be usefu] as a sodium chaonel blocker,
thereby selecting a compound suitable for treating pain in a
subject.

In another aspect, the invention feafures a iransdermal
composition suitable for transdermal delivery, which
includes a therapeutically effective amount of a pharmaceu-
tical compound (e.g., 2 serotonin specific reuptake inhibitor,
s mood stabilizing compound, a dopamine compound, a
compound suitable for treating attention deficit hyperactiv-
ity disorder, a compound suitable for treating hypertension
and akathisia, an analgesic compound, or 2 compound used
in the treatment of impotence) and a pharmaceutically
acceptable carder suitable for transdermal delivery of the
pharmaceutical compound, e.g., 2 lecithin organogel carrier.

In yel another aspecl, the invention features a transdermal
composition for treatment of pain in a subject which
includes a compound capable of blocking afferent neuron
transmission in an amount effective to block afferent meuron
trznsmission in a subject; and a pharmaceutically acceptable
carrier suitable for transdermal delivery of the compound.

Other fealures and advantages of the invention will be
apparent from the following detailed description and claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an evaluation form used in evalualing an
embodiment of the present invention.

FIG. 2 is a lable depicting the results from clinical
experiments using compositions of the invention.

DETAILED DESCRIPTION OF THE
INVENTION

The present invention provides a transdermal composition
suitable for treatment of pain in a subject. The iransdermal
composition includes an amine containing compound hav-
ing biphasic solubility in an amount effective to treat pain in
a subject; and a pharmaceutically acceptable carrier suitable
for transdermal delivery of the amine containing compound
having biphasic solubility.

As used herein, the term “subject” includes 2 mammal,
such as a human, a horse, 2 pig, a cow, a mouse, a ral, a
rabbit, ar a goat. In preferred embodiment, the subject is a
human.
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As used herein, the term “pain” is art recognized and
includes a bodily sensation elicited by noxious chemical,
mechanical, or thermal stimuli, in a subject, e.g., 2 mammal
such as a human. The term “pain” includes chronic pain,
such as lower back pain; pain due to arthritis, e.g., osteoar-
thritis; joint pain, e.g., knee pain or carpal mnnel syndrome;
myofascial pain, and neuropathic pain. The term “pain”™
Turther includes acufe pain, such as pain associaled with
muscle strains and sprains; tooth pain; headaches; pain
associated with surgery; or pain associated with various
forms of tissue injury, e.g., inflammation, infection, and
ischemia.

As used herein, the term “amine containing compound
having biphasic solubility” includes compounds having at
least one amine moiety and having sufficient lipid solubility
(e.g., solubility in polar solvents such as cthancl,
ethoxydiglycerol, ethoxydiglycol, chloroform, benzene, and
the like) such thal the compound passes through the stratum
corneumn, and has sufficient aqueous solubility to be active
in the aqueous environment of the dermis and the underlying
lissue,

Transdermal compositions of the present invention
include an amine containing compound having biphasic
solubility in an amount effective to treat pain in a subject. As
used herein, the terms “amount effective to treat pain in a
subject” and “effective amoun(” are used interchangeably
berein and include an amount effective, at dosages and for
periods of time necessary, to achieve the desired result, e.g.,
sufficient to treat pain in 2 subject. An effective amount of an
amine containing compound or a pharmaceutical compound
as defined herein may vary according to factors such as the
discase state, age, and weight of the subject, and the ability
of the amine containing compound or pharmacetical com-
pound fo elicit a desired response in the subject. Dosage
regimens may be adjusted to provide the optimum thera-
peutic response. An cffective amount is also one in which
any toxic or detrimental effects of the amine containing
compound having biphasic solubility or pharmaceutical
compound are outweighed by (he therapeutically beneficial
effects.

The transdermal compositions of the invention can further
include an agent which enhances the activity of the amine
containing compound having biphasic salubility. As vsed
herein, an “agent which enhances the activity of the amine
containing ¢ompound having biphasic solubility”™ includes
an agent which enbkances the pharmacological activity of the
amine containing compound hiving biphasic solubility {e.g.,
the ability of the amine containing comrpound to treat pain),
or enhances the transdermal delivery of the amine contain-
ing compound having biphasic solubility (e.g., the ability of
the amine containing cempound to cross lhe stratum
corneum), or enhances both the pharmacological activity
and the transdermal delivery of the amine containing com-
pound. Examples of agents which enhance the activity of the
amine containing compound having biphasic solubility,
include muscle relaxants, described in further detail below.

As used herein, the term “transdermal” composition
includes compositions capable of passing through the stra-
tum corbeum of & subject. The term transdermal further
includes compositions capable of passing throngh the epi-
dermis of a subject, compositions capable of passing
through the dermis of a subject, and compositions capable of
passing through the hypodermis of a subject. In preferred
embodiments, the term transdermal includes compositions
capable of passing through the skin of a subject and reaching
the underlying tissues and organs.

As used herein, the term “fransdermal delivery” includes
delivery of, for example, a compound through the stratum
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corneurn of a subject. The term transdermal delivery furibher
includes delivery of, for example, a compound through the
epidermis of a subject, delivery of, for example, a componnd
through the dermis of a subject, and delivery of, for
example, a compound through the hypodermis of a subject.
In preferred embodiments, the term transdermal delivery
includes delivery of, for example, a compound through the
skin of a subject to the underlying tissues and organs.

The present invention further features a transdermal com-
position for treatment of pain in a subject which includes a
compound capable of blocking afferent neuron transmission
in an amount efective to block afferent neuron transmission
in a subject; and a pharmaceufically acceptable carrier
suitable for transdermal delivery of the compound.

As uscd herein, the term “compound capable of blocking
afferent newron transmission” includes a compound which is
capable of blocking the ability of an afferent neuron, ie., a
sensory neuron, to carry an impulse toward the central
nervous syslem,

Various aspects of the invention are described in further
detail in the following subsections:

Amine Containing Compounds Having Biphasic Solubility

Amine eontaining compounds having biphasic solubility
for use in the transdermal compositions of the invention
include antidepressant compounds, antiepileptic
compounds, anticonvulsant compounds, and sodium chan-
nel blockers. As used herein, the term “antidepressant com-
pounds” includes compounds capable of alleviating the
symptoms of depression. Examples of antidepressant com-
pounds include all trievelic antidepressants (e.g.,
amitriptyline, dothiepin, or lofepramine), bupropion (sold
rnder the trade name Wellbutrin), reboxetine (sold under the
trade name Edronax), nefazodone (sold under the trade pame
Serzone) apd trazone (sold under the trade name Desyrel).
Antidepressant compounds are described in, for example,
the 1998 SIGMA catalogue and the “The Merck Index”,
12th Ed., Budavari et al., eds., Merck & Co., Inc., Rahway,
N.J., 1996, the conlents of which are incorporated herein by
reference.

In one embodiment of the present invention, the antide-
pressant compounds of the present invention conlain a
tricyclic moiety. Therefore, in a preferred embodiment, a
transdermal composition of the present invention includes a
tricyclic antidepressant compounds. Exemplary tricyclic
antidepressants include adinazolam, amitriptylinoxide,
amoxapine, clomipramipe, demexiptiline, dimetacrine,
dothiepin, doxepin, imipramine N-oxide, iprindole,
lofepramine, melitracen, metapramine, noxiptilin,
pizotyline, propizepine, quinuprarnine, tianeptine, and trimi-
pramine. A particulzrly preferred tricyclic antidepressant for
use in the compositions of the invention is doxepin.

Tricyclic antidepressant compounds are described in, for
example, “Guide 1o Clinical Neurology” by I. P. Mohr et al.
(Churchill Livingstone, 1995), the contents of which are
incorporated herein by reference.

Preferably, the tricyclic antidepressant compound is
selected from the group consisting of doxepin, Irimipramine,
ofhter tricyclics having biphasic solubility, and combinations
thereof. When combined with other compounds, such as an
agent which enhances Lhe activity of the armnine containing
compound, e.g., a muscle relaxant, and/or an anti-
inflammatory compound, e.g., a nonosteroidal anti-
inflammatory compound, as discussed below, the fricyclic
antidepressant preferably constiiufes from about 1% by
weight (% by wt) to about 309 by wt. of the fotal amount
of the pharmaceutical, more preferably from about 3% by
wt. to about 15% by wt., and most preferably from about 5%
by wt. to about 13% by wi.
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The amine containing compounds having biphasic solu-
bility used in the transdermal compositions of the invention
further include antiepileptic compounds. As used herein, the
term “antiepileptic compound” includes compounds capable
of alleviating the symptoms of epilepsy. Exemplary antiepi-
leptic compounds for vse in the compounds of the invention
include lamotrigine, felbamate, and carbamazepine.
Preferably, the antiepileptic compound is selected from the
group consisting of lamotrigine, felbamale, carbamazepine,
and combinations thereof. When combined with other
compounds, such as an agent which enhances Lhe aclivity of
the amine containing compound, e.g., a muscle relaxant,
and/or an auti-inflammatory compound, e.g., a nonsteroidal
anti-inflammatory compound as discussed below, the anti-
epileptic compound constitutes from about 1% by wt. to
about 30% by wi. of the total amount of the pharmaceutical,
more preferably from aboul 3% by wt. to about 20% by wt.,
and most preferably from about 5% by wt. to about 15% by
wt. Antiepileptic compounds are described in, for example,
the 1968 SIGMA catalogue, the “The Merck Index”, 12t:h
Ed., Budavari et al., eds., Merck & Co., Ioc., Rahway, N.J,,
1996, and the “Guide to Clinical Neurology” by J. P Mohr
et al. (Churchill Livingstone, 1995) the contents of which
are incorporated herein by reference.

In another aspect of the present invention, the amine
conlzining compounds having biphasic solubility of the
present invention include anticonvulsant compounds. As
used herein, the term “anfticonvulsant compound” includes
compounds capeble of alleviating the sympioms of
convulsicn, i.e., the violent involuntary tetanic coniractions
of an entire group of muscles. Exemplary anticonvulsant
compounds which for use in the compositions of the inven-
tion include felbamate, lamotrigine and carbamazepine.
Preferably, the anticonvulsanl compound is selected from
the group consisting of felbamate, lamotrigine, and combi-
nations thereof. When combined with other compounds,
such as an agen! which enhances the activily of the amine
conlaining compound, ¢.g., a2 muscle relaxant, and/or an
anti-inflammatory compound, ¢.g., a nonsteroidal anti-
inflammatory compound as discussed below, the anticon-
vulsant compound constitutes from about 1% by wt. to about
30% by wt. of the lotal amount of the pharmaceutical, more
preferably from about 3% by wt. to about 20% by wt., and
most preferably from about 5% by wt. to about 15% by wt.
Anticonvulsant compounds are described in, for example,
the 1998 SIGMA catalogue, the “The Merck Index”, 12th
Ed., Budavari et al., eds., Merck & Co., Inc., Rahway, N.J,,
1996, acd the “Guide to Clinical Neurology” by J. P. Mohr
et al. (Churchill Livingstone, 1995) the contents of which
are incorporated herein by reference.

In yet another aspect of the present invention, the amine
containing compounds having biphasic solubility of the
present invention include adrenergic agonist compounds.
Preferably, the adrenmergic agorist compound is lizanidine.
When combined with other compounds, such as a muscle
relaxant and/or nonstereidal anti-inflammatory compound as
discussed below, the adrenergic agonist componnd consti-
tutes from about 1% by wi. (0 about 30% by wt. of the fotal
amount of the pharmaceutical, more preferably from about
3% by wt. to about 20% by wt., and most preferably from
about 5% by wt. to aboul 15% by wt. Adrenergic agonist
compounds are deseribed in, for example, the 1998 SIGMA
catalogue, the “The Merck Index”, 121:h Ed., Budavari et al.,
eds., Merck & Co., Inc., Rahway, N.J., 1996, and the “Guide
to Clinical Neurology™ by J. P. Mohr et al.(Churchill
Livingstone, 1995) the contents of which are incorporated
herein by reference.
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The amine containing compounds having biphasic solu-
bility used in the transdermal compositions of the invention
further include sodium channel blockers. As used herein, the
term “sodium channel blockers” includes compeurds which
are capable of blocking the activity of a sodium channel.
Examples of sodium channel blockers include tetrodoxin,
flecainide, disopyramide, and terfenadine. Sodium channel
blockers are described in, for example, the 1998 SIGMA
catalogue, the “The Merck Index”, 12t:h Ed., Budavariet al,,
eds., Merck & Co., Inc., Rahway, N.J., 1996, and the “Guide
to Clinical Neurology” by J. P. Mobr et al({Churchill
Livingstone, 1995) the contents of which are incorporated
herein by reference.

Whenever nerves are damaged, for example, by trauma,
by diseases such as diabetes, herpes zoster, or late-stage
cancer, or by chemical injury (¢.g., as an untoward conse-
quence of agents including the false-nucleoside anti-HIV
pharmaceuticals), neural pain circuits rewire themselves,
anatomically and/or biochemically. Thus, following an
injury, new sedium channels are formed which is believed to
constitute the basis for chronic pain development. Through
a similar action in the dorsal root ganglia, chronic regiona!
pain syndromes may develop. Each time one of these
sodium channels depolarizes, 2 nerve impulse originates.
Because there are so many sodium channels, there may be
a constant cascade of nerve impulses, causing allodynia,
buming sensations, and/or dysesthesias. It is believed that
some chronic pains may be mediated through sodinm chan-
nels in nerve cells. Thus, it is believed that amine containing
compounds having biphasic solubility which can block
sodium channels may also be used in the transdermal
compositions of the inventiop.

In one embodiment of the invention, the amine moiety of
the amine containing compounds having biphasic solubility
of the present invention may function similar to a sodium ion
upon enfry into the sodium channel of a nerve cell mem-
brane. A non-polar moiety, which is preferably present in the
amine conlaining compound having biphasic solubility of
the preseni invention may interact with the nerve cell
membrane, perhaps through Van der Waals forces. In such
cases, it is believed that the presence of the non-polar moiety
prevents or inhibits a compleie uptake of the amine con-
taining compound having biphasic solubility through the
nerve cell membrane. It is believed that one or more these
interactions prevent or reduce the amount and/or the rate of
depolarization znd jon exchange involved in stimulus
conduction, thereby decreasing pain sensation.

The amount of an amine contairing compound having
biphasic solubility useful in relieving pain transdermally
may be determined by methods known in the art, and
typically ranges from about 1 mg to abowt 300 mg per
subject per dose, preferably fram about 3 mg to about 100
mg per subject per dose, and mare preferably from about 10
mg to about 50 mg per subject per dose, depending on e
variety of factors including the particular amine containing
cempound having biphasic solubility used, whether the area
of transdermal application is the site of actiom, and the
intended size of the site of action. In 2 preferred
embodiment, the amount of an amine confaining compound
having biphasic solubility useful in relieving pain
transdermally, is 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60,
63,70, 75, 80, 85, 90, 95, 100 mg, 150 mp, 200 mg, 250 mg,
or 300 mg per subject per dose.

Muscle Relaxants

Transdermal compositions of the present invemiion may
also include a muscle relaxant. As used herein, the term
“muscle relaxant” includes compounds which Facilitate or
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enhance the relaxation of muscles (e.g., provide relief from
muscle spasm) and, thus, facilitate or enbance the transder-
mal delivery of the iransdermal compositions of the inven-
tion. Exemplary muscle relaXants include both skeletal
muscle relaxants and smooth muscle relaxants such as
anticholinergics, antispasmodics, bronchodilators, and
vasodilators. Muscle relaxants are described in, for example,
the 1998 SIGMA catalogue, the “The Merck Index”, 12t:h
Ed., Budavar et al., eds., Merck & Co., Inc., Rahway, N.I.,
1996, pp. THER-1 to THER-28, and the “Guide to Clinical
Neurology™ by J. P. Mohr et al. (Churchill Livingstone,
1995) the contenpls of which are incorporated herein by
reference. Preferably, the muscle relaxant is selected from
the group consisting of guaifenesin, benzodiazepines (s.g.,
clozapine or diazopam), chlorzoxazone, dantrolene sodium,
metaxalone, carisoprodol, other muscle relaxants having
biphasic solubility, and combinations thereof More
preferably, the muscle relaxant is selected from the group
consisting of guaifenesin, chlorzoxazone, and combinations
thereof. A preferred muscle relaxant for use in the compo-
sitons of the invention is guaifencsin.

Preferably the muscle relaxant has biphasic solubility.
Preferably the muscle relaxant, when present in the phar-
maceutical composition, constitutes from about 1% by wt. to
about 30% by wt. of the total amount of the pharmaceutical,
more preferably from about 3% by wi. to about 20% by wt.,
and most preferably from about 5% by wt to about 15% by
wi.

Anti-Inflammatory Compounds

The transdermal compositions of the present invention
may also include an anti-inflammatory compound. As used
herein, the term “anti-inflammatory compound™ includes a
compound which is capable of reducing cell migration,
caused by ischemic and frauma associated events, and
therefore reduces edema formation to thereby provide pain
relief. Preferably, the anti-inflammalory compound is a
nonsteroidal aoti-inflammatory compound (ie., NTHE)
including keloprofen. Anti-inflammatory compounds, e.g.,
NTHES, are described in, for example, the 1998 SIGMA
catalogue, the “The Merck Index”, 12t:h Ed., Budavari et al,,
eds., Merck & Co., Inc., Rahway, N.J., 1996, pp. THER-1 1o
THER-28, and the “Guide to Clinical Neurology” by I. P.
Mohr et al, (Churchill Livingstone, 1995) the contents of
which are incorporated herein by reference. Preferably, the
NTHE is selecled from the group consisting of celecoxib,
etodolac, mefanamic acid, nabumelone, salsalate, naproxen,
Vioxx®, COX-2 NTHEs having biphasic solubility, and
combinations thercof.

More preferably, the NTHE is sclected from the group
consisting of celecoxib, etodolac, naproxen, COX-2 NTHEs
baving biphasic solubility, and combinations thereof.
Preferably, the NTHE has biphasic solubility. The NTHE,
when present in the transdermal composition, preferably,
constituies from about 1% by wt. to about 30% by wi. of the
total amount of the pharmaceutical, more preferably from
about 3% by wt. to about 30% by wt., and most preferably
from about 5% by wt. to about 30% by wt.

Dosages

The conceniration as well as the quantity of the amine
containing compounds having biphasic solubility, the agents
which ephance the activity of the amine containing
compounds, e.g., the muscle relaxants, and the ant-
inflammatory compounds can be varied independently in
order to achieve the desired effect. For example, bigher
concentrations of the amine containing compounds having
biphasic solubility, the muscle relaxants, and the anti-
inflammalory compounds contained in a dosage form of
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decreased viscosity may result in an analgesic with fast
onset and short duration. High concentrations of the amine
containing compounds having biphasic solubility, the
muscle relaxants, and the anfi-inflammatory compounds
contained in a dosage form of increased viscosity may result
in potent analgesic with fast onset and long duration. Low
concentrations of the amine containing compounds having
biphasic solubility, ihe muscle relaxants, and the anti-
inflammatory compounds in a dosage form of decreased
viscosity may result in mild analgesic with longer onset and
short duration. Low concenirations of the amine containing
compounds having biphasic solubilily, ihe muscle relaxants,
and the anti-inAammatory compounds contained in a dosage
form of increased viscosity may have mild analgesic prop-
erties with longer onset and longer duration, The ability to
vary the concentration of the amine containing compounds
having biphasic solubility, the muscle relaxants, and the
antj-inflammatory compounds from very low o high of the
total composition, combined with the ability to coal thin
(about 0.1 mm) or thick (abeut 0.5 mm) enables the prac-
titioner of the invention to vary the dosage of the system as
needed for particular level of pain and anatomical sites of
interest. It should be appreciated, however, that, onset ime
as yell as duration of analgesic effect of the transdermal
composition of the present invention will vary from subject
to subject as well as on the basis of the site of application,
and properties of the amine containing compounds having
biphasic solubility, the muscle relaxants, and the anti-
infammatory compounds.

Generally, the conceniration of the amine containing
compounds having biphasic solubility, the muscle relaxants,
and the enti-inflammatory compounds can range, on a
weight basis, from about 1% io about 30% of the total
composition, preferably from about 3% to about 20%, and
more preferably from about 5% to about 15%.
Pharmaceutically Acceptable Carriers

The transdermal compositions of the present invention
also includes a pharmaceutically acceplabie carrier which is
capable of transdermal delivery of the amine containing
compound having biphasic solubility, As used herein, the
term “pharmaceutically acceptable carrier suitable for trans-
dermal delivery” includes a carrier capable of delivering the
amine containing compound transdermally as defined above.
Suitable carriers for transdermal delivery of pharmaceuticals
are described in U.S. Pat. No. 5,446,070, the conients of
which are incarporated herein by reference. Briefly, phar-
maceutically acceptable carriers of the present invention
include any suitable finite (i.e, solid) or non-finite (i,
non-solid, such as liquid or semi-liquid) carder including
liquids, semi-liquids or solid carriers, such as a bioadhesive.
Thus, the amine contzining compounds having biphasic
solubility may be admixed with a pharmaceutically accept-
able carrier such as a cream, gel, emulsion, lotion, salve,
paste, plaster, oiniment, spray solution, or any other “non-
finite™ carrier known in the art of pharmaceutical delivery.
For cxample, the base of a non-finite carrier may be lipid
including phospholipids such as lecithins; fatty oils; lanolin;
vasoline; paraffins; glycols; higher fatty acids; and higher
alcohols.

The term “bioadhesive” as used herein includes an adhe-
sive which attaches to a biological surface such as skin or
mucosal tissue, Preferably, the bioadhesive of the present
invention is self-adhesive in that it attaches to the site of
interest without the need to reinforee its attachment by way
of another adhesive. Suitable bioadhesive include natural or
synthetic polyszccharides such as celiulose derivatives
including methylcellulose, cellulose acetate,
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carboxymethylcellulose, hydroxyethyleellulose and the like;
pectin; a mixture of sulfated sucrose and aluminum bydrox-
ide; hydrophilic polysaccharide gums including natural
plant exudates, such as karaya gum, ghatti gum, tragacanth
gumn, xanthan gum, jaraya gum and the like; seed gums
including guar gum, locust bean gurm, psillium seed gum and
the 1ike; and lecithins such as soya lecithin, In addition to the
above ingredients, compositions of the present invention
may also include other ingredients such as various pharma-
ceutically acceplable additives available to those skilled in
the art. These additives include binders, stabilizers,
preservatives, flavorings, fiances, and pigments.

In another embodiment, the pharmacentically acceptable
carrief of the present invention includes van pen cream
(cetyl alcahol, stearyl alcohol, steric acid, gllycerol
monosterate, isopropyl myristate, soya lecithin, BHT alco-
hol 95%, simethicone, sodium hydroxide 30% solulion,
polyoxyl stearate, edelate disodium 5%, purified water,
urea).

Other Pharmaceutical Compounds

In another aspect, the invention features 2 transdermal
composition suitable for transdermal delivery, which
includes a therapeutically effective amount of a pharmaceu-
lical compound (e.g., a serotonin specific reuplake inhibitor,
a mood stabilizing compound, a dopamine compound, a
compound suitable for treating attention deficit hyperactiv-
ity disorder, a compound suitable for treating hypertension
and akathisia, an analgesic compound, or a compound used
in the treatment of impotence) and a pharmaceutically
accepiable carrier suitable for transdermal delivery of the
pharmacentical compound.

As used herein, the term “pharmaceutical compound®
includes compounds suitable for treating a targeted condi-
tion and capable of being delivered in active form, in vivo.
Examples of pharmaceuticals include drugs, enzymes,
chemical compounds, combinations of chemical
compounds, biological macromolecules and analogs thereof,
Examples of pharmaceutical compounds are described in
detail below.

In one embodiment of the inovention, the pharmaceutical
compound is a serotonin specific reuptake inhibitor (SSRI).
SSRIs are commeonly prescribed for patients with diagnoses
of mood disorders, scme forms of anxiety disorder
(particularly panic disorder), obsessive compulsive
discrders, some forms of menopausal disorders, and eating
disarders (especially bulimia nervosa). Examples of such
SSRIs include sertraline (sold under the trade name Zoloft),
paroxetine (sold under the trade name Paxil), fluoxetine
(sold under the trade name Prozac), venlafazine (sold uoder
the trade name Effexor), 2nd fluvoxamine (sold under the
trade name Luvox).

In another embodiment of the invention, the pharmaceu-
tical compound is a mood stabilizing medication, such as
carbamazepine (sold under the trade name Tegretol) and
valproic acid (sold under the trade name Depakote). These
agents are used frequently in psychiatric practice as either
augmentation medications (to render antidepressants more
effective) or as anii-manic medications in the treatment of
bipolar mood disorder. Mood stabilizing medications are
also used in neurologic practice for the treatment of seizure
disorders and for the treatment of certain pain disorders.

Ip yet another embodiment of the invention, the pharnta-
ceutical compound is a compound used for reating Atten-
tion Deficit Hyperactivity Disorder (ADIID), one example
of which is permoline, sold under the trade name Cylert.
Permoline is & medication that is used in the treatment of
Attention Deficit Hyperactivity Disorder in children and
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adults, It is practically insoluble in water, but soluble in
ethylere glycol and lipids, making it a good candidate for
transdermal administration

In a further emnbodiment of the fnvention, the pharmacen-
tical compound is a dopamine compound, used for treating
Parkinson’s disease, examples of which are pergolide, sold
under the trade name Permax and bromocriptine mesylate,
sold under the trade name Pazlodel.

In yet another embodiment of the invention, the pharma-
ceutical compound is a compound used for treating hyper-
tension and akathisia, one example of which is propranalol,
sold under the Irade name Inderal.

In yet a further embodiment of the invention, the phar-
maceutical compound is a2 compound used in the treatment
of impotence such as sildenafil, sold under the tradename
Viagra. Il is believed that transdermal administration of
sildenafil may be useful, for at least some subjecis, as
compared to oral administration which bas been found, in at
least some situations, to be associated with gastrointestinal
side effects.

Methods For Preparing The Transdermal compositions

Anpther embodiment of the present inveniion provides a
method for preparing the above described (transdermal
compositions, by admixing a therapeutically effective
amount of the amine containing compound having biphasic
solubility, optimally an agent which enhances the activity of
the amine containing compound, e.g., a muscle relaxant,
optimally an aati-inflammatory compound with the carrier
suitable for transdermal delivery of the amine containing
compound.

In one embodiment of the present invention, a transder-
mal composition is prepared by dispersing or dissolving
crushed tablets, capsules or other preparation(s) of the amine
containing compound having biphasic solubility, the muscle
relaxants, and the anti-inflammatory compounds, which
were intended for oral delivery, in a gel formed of soya
lecithin and isopropyl palmitate or isopropyl myrisiale,
alcohol, or ethoxy diglycol. In another embodiment of the
present invention, Pinronic gel, formed of Pluronic such as
Pluronic F127, polassium sorbate and waier is used.

In a particular embodiment of the present invention, a
transdermal composition including a combination of dox-
epin with guaifenesin is useful for treating pain. Tt is
believed that transdermal administration of such combina-
tion ¢an be advanlageous, for a1 least some patients, as
compared 1o oral administration, because higher local phar-
maceutical concenirations al the site(s), 6.g., of injury, can
be achieved yielding an improved therapeutic response
without systemic side effects such as weight gain,
drowsiness, gastrointestinal upset and/or other known side
effects of these pharmaceuticals.

Methods For Use

In owe embodiment, the invention feature methods for
trealing pain in a subject in which the subject is contacted
with a transdermal composition including an amine contain-
ing compound having biphasic sole in an amount effective lo
treat pain in the subject; and a pharmaceutically acceplable
carrier suitable for transdermal delivery of the amine con-
taining compound fo thereby treat pain in the subject In a
preferred embodiment, the transdermal composition is
applied 1o the skin of the subject as often as needed for the
alleviation of pain. For example, the trapsdermal composi-
tion may be applied daily, weekly, monthly, yearly, for a
length of time sufficient to alleviate pain.

Detailed examples of the preparation are provided below,
along with examples of resulls obtained from transdermal
administralion to human patients. Preferably, a gel prepara-
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tion is applied to the skin at the site or sites of pain, Patients
can be evaluated by means of a structured evaluation form,
¢.g., completed at a frequency of at least one time per week.
Evaluation of patients are for the present symptoms as well
as any side effects from currently administered medications.
This makes it possible to note changes on an ongoing basis.

Compositions of the invention can be self-administered
doses in the form of a gel applied to the skin by the patient,
or be implemented by providing a (ransdermal preparation in
premeasured doses preferably in connection with an adhe-
sive or other covering or patch so that the dosage may be
administered e.g., by placing the adhesive patch on the skin
of the patient. Although some embodiments of the invention
have been described in connection with positioning the
pharmaceutical gel on the arm of 2 patient, other positioning
on the skin of a patient can also be used. Because, depending
on the formulation, speed or duration of transdermal deliv-
ery may vary as function of skin location, in one embodi-
ment the location of the skin to which the pharmaceutical is
applied is selected so as to relatively increase or decrease Lhe
delay, speed, duration, or rate of delivery of the
pharmaceutical, either with respect to a particular tissue or
syslemically.

For example, when a rapid rise in blood serum levels is
desired, a placement which enhances delivery rate, such as
behind the ear, can be used. When it is desired fo enhance
dose or delivery rate locally, the transdermal formulation
may be positioned adjacent the desired treatment area.
Membranes or matrices, such as a polvmer matrix, may be
used to limit or control delivery rates. In addition (o trans-
dermal gel or patch delivery, delivery of the fransdermal or
aerosol formulation can be achieved, e.g. by administration
as nose drops, eardrops, eyedraps and/or suppositories.

In ore embodiment, medications dispensed in transdermal
gel form will be dispensed in upit doses, such as blister
packs. The gel will be extruded from the blister pack, and
mubbed on the administralion site. The dosage will be
adjusted by varying the mumber of unit dose applied. This
will ensure accurate dosimetry and will avoid conlamination
of the gel.

Methods For Selecting A Compound Suitable For Treating
Pain

In a further aspect, the invention features a method for
selecting a compound suitable for treating pain in a subject.
The method includes transdermally administering an amine
containing compound kaving biphasic solubility to a sub-
ject; and determining whether paip is treated in the subject
to thereby select a compound suitable for treating pain in a
subject. In a preferred embodiment, the method can further
in¢lude modeling the compound using a computer equipped
with a three-dimensional chemical structure modeling pro-
gram (e.g., Molecules-3D Professional Edition, version
2.60, copyright 1991-1998, Molecular Arts Corp., ©
19941998 WCB/McGraw Hill); and determining whether
the three-dimensional chemical structure of the compound
possesses sufficient characteristics (o be useful as a sodium
channel blocker, thereby selecting 2 compound suitable for
Ireating pain in a subject.

The effectiveness of the amine containing compound
having biphasic solubility to treat pain can be tested in vitro
or in vivo. An animal model for pain, e.g., such as the one
described in Kral M. G. et al. (1999) Pain 81(1-2):15-24
can, for example, be used for testing such compounds.

This invention is further illustrated by the following
examples which should not be copstrued as lmiting. The
contents of all references, patents and published patent
applications cited throughout this application, as well as the
Figures are incorporated herein by reference.
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EXAMPLES

Example 1

One hundred grams of lecithin soya (granular) and 0.66
grams sorbic acid NF-FCC powder) were dispersed in 100
grams (117 milliliters (mL}) of isopropyl palmilate NF and
allowed to stand overnight. Approximately 220 milliliters of
lecitbin-isopropyl palmitate in a form of a liquid of a syrup
consistency was formed.

Example 2

One hundred grams of lecithin soya (granular) and 0.66
grams sorbic acid (NF-FCC powder) is dispersed in 100
grams (117 milliliters) of isopropyl myristale NF and
allowed to siand overnighl. Approximately 220 millifiters of
lecithin-isopropyl myristate in a form of a liquid of a syrup
consistency was formed.

Example 3

A beaker was prepared by treasuring to a volume of 100
miliiliters. 1t was considered important to measure the
volume accurately rather than using beaker markings. An
amount of Pluronic F127 NF (20 grams for a 20 percent gel,
30 grams for a 30 percent gel, 40 grams for a 40 percent gel)
was mixed with 0.3 grams potassium sorbate NF. Refriger-
eted purified water was added in an amount sufficient to
bring the volume to 100 milliliters. When all of the granules
had been wet the gel was refrigerated. Solution tock place
upon cooling, taking 12 io 24 hours. The resulting 100
milliliters of Pluronic gel was kept refrigerated, since the gel
will solidify at room temperature.

Example 4

Nine grams of carbamazepine in tablet form was ground
in mortar and pestle. 4.3 milliliters of ethoxy diglycol was
added 2nd mixed to form a creamy paste. 13.2 milliliters of
soya lecithin was added aod mixed uniil smooth. The
resulting 24 cc of sclution was put imte a 60 cc syringe.
About 36 cc Pluronic F127 gel 20 percent (made according
to Example 3) was placed in another syringe. The material
was mixed well between syringes to yield 60 cc of carbam-
azepine organogel having a strength of 150 milligrams (mg)
per milliliter. In same cases, the mixture was run through an
ointment mill to reduce particle size.

Example 5

Sixty 100 milligram tablets of buproprion were ground
and strained to form a fine powder. The buproprion powder
was dissolved in 30 cc purified water, placed in a filter and
washed with 10 to 20 cc purified water. The filtrate was used
lo make a 20 percent Pluronic gel using the procedures from
Example 3, substituting filtrate for an equivalent volume of
waler, and stored in a refrigerator. Thirteen milliliters of
soya lecithin was mixed with one-half the buproprion Plu-
ronic gel and mixed between syringes to form a first batch.
Thirteen milliliters of soya lecithin was mixed with the
second half of the buproprion Pluronic gel and mixed
between syringes to form a second batch. To each batch was
added sufficient Pluronic gel F127 (made according lo
example 3) to yield a total of two 60 cc batches of buprop-
rion HCI organogel having a strength of 15 milligrams per
mifliliter.

Example 6

600 milligrams of fluoxetine HCI (in the form of thirty 20
milligram capsules) was placed in a beaker and dissolved in
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approximately 18 cc of 95 percent ethyl alcohol. The solu-
tion was fillered through a filter funne! using fine filter paper.
The residue was washed with 95 percent alcohol. The filirate
was heated, maintaining a temperature Iess than 85° C., to
evaporate the alcohol to concentrate to 1 to 2 milliliters. 500
milligrams of isopropyl palmitate was combined with 600
milligrams of soya lecithin (granular), set aside and allowed
to liquefy. Upon liquefaction, a thick syrupy comsistency
was obtained. 1.2 grams of the mixture was drawn into a 10
milliliter syringe and the alcoholic solution of fluoxetine
HCl was drawn inlo another syringe. The two syringes were
attached together with a Luer-Luer adapier and the gel was
thoroughly mixed. All of the organogel was then transferred
into one syringe 2nd the empty syringe was disconnecied.
Sufficient quantity of 20 percent Pluronic F127 gel (formed
as described in Example 3) was drawn into the empty
syringe to make a iotal of 6 milliliters when added 1o the
volume in the other syringe. A Luer-Luer adapter was
attached apnd the contents of the two syTinges was remixed
until 2 smooth creamy mixture was obtained. All the mixture
was transferred into cne syringe, the empty syrnge was
removed and the Luer-Luer adapter was removed.

A Luer-oral adapter was attached to the mixiure and
transferred to six 1 milliliter oral syringes, was filled with 1
milliliter of the gel. In this way, each syringe conlained five
20 milligram doses, or ten 10 milligram doses to yield a total
of 60 doses of fluoxetine in lecithin erganogel having a
strength of 10 milligrams per 0.1 milliliters.

Example 7

Twelve 250 milligram tablets of nefazadone were crushed
in a mortar and pestle and put throngh a straimer 4.8
milliliters of ethoxy diglycol (8 percenf) was added and
mixed. In cases in which all particles were not dissolved, 2
milliliters of Pluronic were added and mixed. 13.6 milliliters
of soya lecithin were added and mixed. The resulting
mixture was put into syringes with a Luer adapter and mixed
well. Sufficient Pluronic F127 gel, prepared according to
Example 3, was added to achieve a volume of 60 cc and
mixed well (o yield 60 cc of nefazadone organogel having a
strength of 50 milligrams per milliliter.

Example 8

Thirty 40 milligram tablets of paroxetine were crushed
and run throvgh a strainer, discarding green coating material.
4.8 milliliters of ethoxy diglycol was added to the powder
and mixed in a mortar and peste. Forty milliliters of
Pluronic F127 gel 20 percent, formed according to Example
3, was added in graduated armmounts to the powder and mixed
until smooth using 2 spatula. 13.2 milliliters of soya lecithin
was added and mixed well and the resulting material placed
inlo syringes and sufficient quaniily of Pluronic gel was
added 10 bring the volume 1o 60 milliliters. In those such
cases where particle size of the resulting material was too
large, the cream was run through an ointment mill to yield
60 milliliters of paroxetine organogel having a sirength of 20
milligrams per milliliter.

Example ¢

Thirty 100 milligram tablets of sertraline were crushed
into a fine powder and strained, discarding the yellow
coating. Sufficient amount of Pluronic F127 gel 20 percent
(formed according to Example 3) was added to achieve a
volume of 38 milljliters and mixed well In a mortar and
pestle until a smooth cream was achieved. This material was
placed intc syringes and mixed between the syringes 1o
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obtain a compaect cream. 13.2 milliliters of soya lecithin was
added and mixed well between the syringes using about 20
pumps. Sufficient quantity of Pluronic F127 gel 20 percent
was added to yield 60 millililers of sertraline gel having a
strength of 15 milligrams per millililer.

Example 10

Venlafaxine hydrochloride has a solubility in water of 572
mg/mL (adjusted to jonic strength of 0.2 M with sodium
chloride). Forty-five 100 milligram tablets of venlafaxine
were crushed and put through a strainer. The powder was
dissolved in 15 cc purified water, the solution placed into a
filter and washed with 10 cc purified water. The filtrate was
used to make a 20 percent Pluronic gel using the procedures
of Example 3 (substituting the filtrate for an equivalent
amount of water) and placed into a refrigerator overnight
13.2 milliliters of soya lecithin were drawn into a syringe
with a Luer loc. The venlafaxine Pluronic gel was drawn into
another syringe coupled to the first syringe and mixed well.
Sufficient Pluronic F127 gel was added to achieve a volume
of 60 cc with a strength of 75 mg. per ce.

Example 11

15 grams of sodium valproate (Depakote) was ground in
mortar and pestle. 4 mL of ethoxy diglycol was added and
mixed well to form a creamy paste. 19.8 mL of soya lecithin
was added and mixed until smooth, The resulting 24 cc of
solution was put into 2 syringes with a Luer Loc and mixed
well. The mixtnre was divided so that half is in each syringe.
Using ancther 60 cc syringe, Pluronic 30% gel was added to
each to bring each syringe to a volume of 45 mL.

Example 12

Paroxetine kydrochloride has a solubility in water of 5.4
mg/mL.. Paroxetine (Paxil) gel was prepared, according to
the procedures of example 8. A dosage of 40 mg per day was
self-administered by a 59 year old male patient by applica-
tion to the skin, for a period of at leasi 1 hour. No skin
irritation was reparted. After 210 days, blood was drawn aod
blood serum level of Paxil was determined te be 0 nano-
grams (ng) per mL, while typical reference levels are 4926
ng/mL, indicating possible poor absorption or lab error.
Clinical evaluation of the palient over a 210 day period of
such transdermal administration indicated benefit to patient
without GI side effects similar to that noted with oral
preparation.

Example 13

Sertraline hydrochloride is slightly soluble in water and
isopropy! alcchol and sparingly soluble in ethanol. Sertra-
line (Zoloft) gel was prepared, zccording to the procedures
of example 9. A dosage of 100 mg per day was self-
administered by a 54 year old fermale patient by application
to the skin, for a period of ai least 1 hour. No skin irritation
was reported. Afier 19 days, blood was drawn and blood
serum level of Zoloft was determined to be 5 ng/ml., while
typical reference levels are 30~200 mg/mL. indicating pos-
sible limited absarption or lab error.

Example 14

Fluoxeting hydrochloride has a solubility in water of 14
mg/mL. Fluoxetine (Prozac) gel was prepared, according to
the procedures of example 6. A dosage of 20 mg per day was
self-administered by a 54 year old female patient by appli-
cation 1o the skin, for a period of at least 1 hour. No skin
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irritation was reported. After 7 days, blood was drawn and
blood serum level of fluoxetine was determined to be 45
ng/ml, while the plasma level of the primary active metabo-
lite norflucxetin was also 45 ng/ml. There was evidence of
patient benefit from the clinical evaluation.

Example 15

Carbamazepine is practically insoluble in water and
soluble in alcohol and in acetone. Carbamazepine (Tegretol)
gel was prepared, according to the procedures of example 4.
A dosage of 400 mg per day was self-administered by a 55
year old male patient by application to the skin, for a period
of at least 1 hour. No skin irritation was reported. After 120
days, blood was drawn and blood serum level of Tegrelol
was determined to be 4.6 micrograms (ug) per mL, while
typical therzpeutic levels are 4-10 11 yg/ml indicating good
abscrption. There were no GI side effects and the patient
demonstraied clinical improvement.

Example 16

Carbamazepine (Tegretol) gel was prepared, according to
the procedures of example 4. A dosage of 200 mg per day
was sclf-administered by a 53 year old male patient by
application to the skin, for a period of at least 1 hour. No skin
irritation was reported. After 60 days, blood was drawn and
blood serum level of Tegretol was determined o be 10.8
#g/mL, while typical therapeutic levels are 4-10 11 gg/mL
indicating excellent absorption. There were no GI side
effects and the patient demonstrated clinical improvement.

Example 17

Sertraline (Zoloft) gel was prepared, according lo the
procedures of example 9. A dosage of 50 mg per day was
self-administered by a 53 year old male patient by applica-
lion to the skin, for a period of al least 1 hour, No skin
irritation was reported. After 63 days, blood was drawn and
blood serum level of Zoloff was determined to be 23 ng/ml.,
while typical reference levels are 30-200 mg/mL. The
patient demonstraled a good clinical response without GI
side effects.

Example 18

Carbamazepine (Tegretol) gel was prepared, according to
the procedures of example 4. A dosage of 200 mg per day
was self-administered by a 47 year old male patient by
application to the skin, for a period of at least I hour. No skin
irritation was reporied. Afler 91 days, blood was drawn and
blood serum level of Tegretol was determined to be less than
0.5 ug/mL, while typical therapeulic levels are 4—10 pg/ml.,
indicating poor absorption, lab error, or patient non-
comnpliance.

Example 19

Bupropriou is highly soluble in water. Buproprion
(Welibutrin) gel was prepared, according to the procedures
of example 5. A dosage of 100 g per day was selfadmin-
istered by a 47 year old male patient by application Lo the
skin, for a period of at least 1 hour. No skin irritation was
reported. Afier 44 days, blood was drawn and blood serum
level of Wellbutrin was determined to be less than 0.5
ng/ml., while typical therapeutic levels are 10-3 indicating
pocr absorption, lab errer, or patient non-compliance.

Example 20

Fluoxetine gel was prepared, according o the pracedures
of example 6. Typically, a total daily adult dosage of
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fluoxetine as applied to the skin according o the present
invention is between about 20 mg and 200 mg, more
preferably between about 120 mg and about 200 mg, Dos-
ages for non-adults and/or non-human mammals may need
to be adjusted, e.p. proportionally to body weight A dosage
of 2060 mg per day was self-administered by 5 patients,
including that of example 13 and also including a 44 year old
male patient, a 53 year old female patient, a 47 year old male
patieni and a 36 year old female patient by application to the
skin, for a period of at least 1 hour. No skin iritatioz or
gastrointestinal side effects were reported. Clinical evalua-
tion of the patients over a 30-180 day period of such
transdermal admiristration indicated a clinical response
ranging from complete remission of symptoms to moderate
improvement.

Example 21

Fluoxetine gel was prepared, according to the procedures
of example 6. A dosage of 80-160 mg per day was self
administered by a 50 year old female by application (o the
skin, for a period of at least 1 hour. No skin irritation was
reported. After 7 days at the 80 mg dosage level blood was
drawm and the blood serum of fluoxetine was determined to
be 34 ng/ml fluoxetine and 25 ng/ml norfluoxetine, while
typical reference levels are 50-480 ng/mlL., indicating good
absorption. There was evidence of patient benefit from the
clinical evalvation. The dosage was then increased to 160
myg per day and administered by the same method. After 7
days at the 160 mg dosage level blood was drawn and the
blood serum level of fluoxetine was detsrmined to be 90
ng/mL fluoxetine and 25 ng/mL norfluoxetine, indicating
good absorption. There was evidence of increased patient
benefit at this higher dosage level which correlated posi-
tively with the higher plasma level. The patient has been
recsiving (he medication continwously for a period of 5
months.

Example 22

Fluoxetine gel was prepared, according to the procedures
of example 6. A dosage of 80160 mg/day was self admin-
istered by 2 38 year old female by application to the skin, for
a period of at least 1 hour. No skin irritation was reported.
After 7 days at the 80 mg dosage level, blood was drawn and
the blood serum level of fuoxeline was determined to be 25
ng/mL of fluoxetine and 25 ng/ml norfluoxetine. There was
evidence of patient benefit from the clinical evaluation, The
dosage was then increased to 160 mg per day and admin-
islered by the same method.

Example 23

Sertraline (Zoloft) gel was prepared, according to the
procedures of example 9. A dosage of 50-200 mg per day
was self-administered by 6 patients, including those of
examples 12 and 16 and also including a 60 year old male
patient, a 53 year old male patient, a 48 year old male
patient, a 38 year old male patient and a 47 year old male
patient, by application to the skin, for a period of at least 1
hour. No skin irritation or gastrointestinal side effects were
reported. Clinical evaluation of the patients over 2 7-90 day
period of such transdermal administration indicated
responses ranging from complete resolution of depression to
no moticeable response.

Example 24

Carbamazepine (Tegrelol) gel was prepared, according o
the procedures of example 4. A dosage of 200400 mg per
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day was self-adminisiered by 6 patients, including those of
examples 14, 15 and 17, and also including a 48 year old
female patient, a 43 year old male patient and a 54 year old
female patient, by application to the skin, for a period of at
least 1 hour. No skin irritation or gastrointestinal side effects
were reporied. The clinical evaluation of the patients over a
30-300 day period of such transdermal administration indi-
cated responses ranging from moderate improvement to no
positive clinical response.

Example 25

Paroxetine (Paxil) gel was prepared, according to the
procedures of example 8. A dosage of 20 mg per day was
self-administered by the patient of example 12 as well as by
a 15 year old female patient by application to the skin, for
a period of at least 1 hour. No skin irritation was reported.
Clinical evaluation of the patients over a 30-210 day period
of such transdermal administration indicated equivocal
clinical improvement of the depression which may (cr may
nol) have been related {o the transdermally administered
Paxil.

Example 26

Five 150 mg tablets of amitriptyline were crushed and run
through a strainer. The powder was put info syringes with a
Luer Loc and mixed well with 2 mL ethoxy diglycol. About
6 mL Pluronic Gel 20% was added and mixed well. 6.6 mL.
Soya Lecithin was added and mixed well. This mixture was
thinned to 30-mL total volume with Pluronic Gel 20% and
mizxed well. The resulting mixture having a strength of 25
mg/mL was placed in appropriate dispensing deviee.

Exarmnple 27

Amitriptyline (Elavil) gel was prepared, according to the
procedure of example 26. A dosage of 25 mg per day was
sclf-administered by a 47 year old male palient. Adminis-
tration was by application to the sldn, for a period of at least
1 hour. No skin irritalion or gastrointestinal side effects were
reported. Clinical evaluation of the patients over a 100 day
period of such transdermal administration indicated an
apparenily good clinical response, comparable io that
achieved with oral medication.

Example 28

Trazodone (Desyrel) gel was prepared, according to a
procedure similar to that of example 7, A dosage of 50-150
mg per day was self-adminisiered by 2 patients, including a
36 year old female patient and a 47 year old male patieni.
Administration was by application to the skin, for a period
of at least 1 bour. No skin irritation or gastrointestinal side
effects were reported. Clinical evaluation of the patients over
a 42-90 day period of such transdermal administration
indicated a good to excellent clinical response.

Example 29

Venlafaxine (Effexor) gel was prepared, according to a
procedure simijar to that of example 9. A dosage of 150-225
mg per day was self-administered by 2 patients, including a
54 year old female patient and a 55 year old male patient.
Administration was by application to the skin, for 2 period
of at least 1 hour. No skin irritation or gastrointestinal side
effects were reported. Clinical evaluation of the patients over
a 15-165 day period of such transdermal administration
indicated a response ranging from no clinical improvement
to mild clinical improvement.
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Example 3¢

Propranolol (Inderal) gel was prepared, according to a
procedure similer fo that of example 8 to produce a gel
having a strength of 40 mg of propranalol per ml. of gel. A
dasage of 80 mg per day was self-administered by 2 patients,
including a 36 year old female patient and a 47 year old male
patient. Admiristration was by application to the skin, for a
pertod of at least 1 hour. No skin imitation or gastroinlestinal
side effects were reported. Clinical evaluation of the patients
over a 100 day period of such trapsdermal administration
indicated results comparable to lhose achieved with oral
medication.

Exampie 31

Bupropricn (Welibutrin) gel was preparsd, according to a
procedure described in example 5. A dosage of 150-200 mg
per day was self-administered by 3 patients, including that
of example 18, and also including 2 38 year old male patient
and a 53 year old female patient. Administration was by
application to the skin, for 2 period of at least 1 hoer No skin
irritation or gastrointestinal side effects were reported. Clini-
cal evaluation of the patients over a 5-45 day period of such
transdermal administration indicated equivocal results.

Example 32

Valproic acid {Depakote) gel was prepared, according to
a procedure similar to that of exampie 4. A dosage of 1000
mg per day was self-administered by a 38 year old male
patient. Administration was by application to the skin, for a
period of at least 1 hour. No skin irrtation or gastrointestinal
side effects were reported. Clinical evaluation of the patients
over a 30 day peried of such transdermal administration
indicated resulls comparable to those achieved with oral
medication.

Example 33

Valpraic acid (Depakote} gel was prepared according lo
the procedure of example 11. Adosage of 500-1000 mg was
self administered by (wo male patients, ages 41 and 49.
Administration was by application to the skin, for a period
of at Ieast one hour. Significant skin irritation ocevrred with
one patient, bul no gastrointestinal side effects were
reported. Clinical evaluation of the patients over a period of
two months revealed improvement, but upon longer term
follow-up it appeared thai other factors may have becen
responsible. After 28 days, blood was drawn and a serum
valproic acid level of 26 pg/mI was obtained for the 49 year
old patient (while taking 250 mg twice daily), with a
therapeutic reference range of 50150 gg/mL. This indicated
poor to fair absorption, and the dosage was raised to 500 mg
twice daily, with a further improvement in clinical response.
The 41 year old patient reported a good clinical response Lo
an initial dosage 0f250 mg adored twice daily, buf a serum
valproic acid level of only 1 pg/ml was obtained. The
dosage was increased to 500 mg twice daily, and a similar
serum valproic acid level was obtained. The disparity
between the clinical response and the plasma level might be
explained either by leboratory error or placebo effect.

Example 34

A gel containing reboxetine (sold under the trade name
Edronax) is prepared according to a procedure similar to that
described in example 5 but using reboxetine in place of
boproprion. The resulling mixture will be self adnyinistered
by palients by applicalion (o the skin for a period of at least
[ hour. No skin irritation or gasirointestinal side effects are
expected. Clinical evaluation of patients over a 545 day
period of such transdermal administration is expected to
indicate a good response to treatment.
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Example 35

Nefazodone (Serzone) gel was prepared, according to a
procedure described in example 7. A dosage of 100 mg per
day was sclf-administered by a 61 year old {male, female)
patient, Administration was by application to the skin, for a
period of at least 1 hour. No skin frritatior or gastrointestinal
side effects were reported. Clinical evaluation of ihe patients
over a 21 day period of such transdermal administration
indicated a good responss to (realment.

Example 36

1 gram of permoline tablets are crushed in a mortar and
then dissolved in propylene glycol, just sufficient 1o effect
dissolution. 3 mL of propylene glycol or 95% ethyl alcohol
is added to form a paste. 5.6 ml soya lecithin is added to the
mixture in the mortar. The mixture is placed in two syringes
with a Luer Loc and mixed ihoroughly. Each syringe is filled
to 30 mL Pluronic Fi27 20% gel and mixed between
syringes to produce a mixture having a strength of 33
mg/mL. The mixture is put in an appropriate dispensing
device.,

Example 37

A 16-year-old female with an established diagnosis of
Attention Deficit Disorder had been freated successfuily
with oral pemoline (Cylert) for about 6 months. To poten-
tially decrease the risk of Liver damage associated with
long-term use, permoline prepared according to the procs-
dure of example 36 will be administered transdermally, by
application to the skin in the post auricular region for a
pericd of at least one hour, at two sites, twice daily. No skin
irritation is expected. The clinical results are expected to be
comparable to those oblained with the oral medicalion,
although the dosage may have to be adjusted upwards to
achieve adequate plasma levels, and more time may be
required to achieve satisfaclory plasma levels.

For psychiatric patients, some have received two or more
psychopharmacenticals, and in some cases, lwo or more of
the above examples describe different evaluations for the
same period of administration of a psychopharmaceutical
agent.

Of the patients who have received prescriptions for one or
more of the medications as described in the examples above,
each had previously demonstrated a significant intolerance
to oral adminisiration of one or more medications, prior to
instituting trapsdermal administration. The laboratory mea-
sures of plasma blood levels described above for transder-
mally administered fluoxetine and carbamazepine are
believed to demonstrate good absorption transdermally
using lecithin organogel matrix as the vehicle. Valproic acid
and sertraline do not appear Lo be absorbed well or reliably.
Valproic acid appears to cause skin irritation in some
patients necessitating discontinuation. Both the laboratory
measure of Buproprion and the patient clinical responses
indicated poor or equivocal absorptions and results. Patient
tolerance of transdermal administration has been good to
excellent. Patients in the example above who suffered very
severe Gl side effects using oral preparations were more
tolerant of the inconvenience of rubbing on the gel than were
patients who had experienced only mild to moderate side
effects. In general, more highly motivaied and treatment-
compliant patients also had a higher raie of sustained
compliance.

Patients in the examples above were evaluaied by means
of a structured evaluvation form depicted in FIG. 1, which
was completed at a frequency of at least one time per week
for each patient receiving transdermal medication according
to the present invention. The patients were evaluated both
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for all present psychiatric symptoms as well as any side
effects from currently-administered medications. In general,
it is belisved thai patients with the most clear cut and
uncomplicated diagnosis of major depression experienced
the best results. Ir general, patients with severe personality
disorders or with concealed substance abuse disorders did
less well.

Example 38

1800 mg of gabapentin in powder form is dissolved with
1 mL propylene glycol in syringes with a Luer Loc. 6.6 mL
of Soya lecithin is added and mixed thoroughly between
syringes. The resulting maierial is placed in a device for
dispensing measured amounts.

Example 39

Gabapenfin mixtures of 2% apd 4% will be prepared by
substituting 1200 mg gabapentin or 600 mg gabapentin in
place of 1800 mg gabapentiin, in example 38.

Example 40

Gabapentin, prepared according to Example 38 or 39, will
be combined with either 3% or 5% Lidocaine in varying
ratios.

Example 41

4% pabapentin, prepared according to Example 38 or 39,
will be combined with 7% carbamazepine and 7% amitrip-
tyline.

Example 42

2% gabapentin, prepared according to Example 38 or 39,
will be combined with 2% carbamazepine and 1%
Piroxicam, which is expected to yield better penetration into
muscle fissue.

Example 43

Gabapentin, prepared according to Examiple 38 or 39, in
concenirations ranging from 2%—6% will be combined with
clonidine in concentrations between 0.2% and 0.3%.

Example 44

A 50-year-old woman had pill upper and Iower extremity
spasmus as a result of spastic quadriparesis resulting from an
injury. Oral gabapentin, an anticonvulsant, fiad been admin-
istered previcusly, but had caused a “drugged” feeling, one
of the commonly reported side effects with this agent It was
believed that use of transdermal gabapentin might provide
local relief by achieving high local tissue concentrations
near the siie of adminisiration without correspondingly
elevated blood plasma levels. It is known that other
anticonvulsants, such as carbamazepine, are useful in reduc-
ing neurogenic pain. Gabapentin’s solubilily in water
exceeds 10%, making systemic absorption less likely. Gaba-
pentin prepared according to the procedure of example 38
was self-administered by application to the skin in the area
of pain. The patient reported moderate relief of spasmws over
2 period of one week, with no systemic side effects and no
report of skin frritation.

Example 45

Six grams of amitrptyline powder was placed in 40
miililiters of Pluronic F127 33% gel and placed under
refrigeration to dissolve. Two milliliters of ethoxy digiyeol
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was added to 4.8 grams of carbamazepine and mixed to form
a smooth paste. 16.4 grams of soya lecithin was added to the
resulting paste and mixed well. The dissolved amitriptyline
composition was added [o the carbamazepine composition
and sufficient Pluronic F127 20% was added to make 120
milliliters and the resulting composition was mixed well to
yield a composition having 5% amitriptyline and 4% car-
bamazepine.

Example 46

6 grams of doxepin was added to 20 milliliters Pluronic
33% F127 and pui into a refrigerator to dissolve. 24 grams
of ketoprofen and 12 grams of guaifenesin was added to 10
milliliters of 95% alcohol and mixed well, 26.4 milliliters of
soya lecithin was added and mixed well and the doxepin
composition was mixed with the ketoprofen/ guaifenesin
composition. The resulting mixture was added to sufficient
Pluronic 33% to yield 120 milliliters. The resuiting compo-
sition was mixed well to yield a composition having aboul
20% ketoprofen, 5% doxepin and 10% guaifenesin

Example 47

6 grams of doxepin was added to 26 milliliters Pluronic
33% and refrigerated to dissolve. 2 milliliters ethoxy dig-
lycol was added 4.8 grams carbamazepine and mixed. The
resultant mixture was added to 24 grams ketoprofen and six
milliliters alcohol and the result was mixed well 26.4
milliliters soya lecithin was added to the ketoprofen com-
position and mixed well. The doxepin composition was
mixad with the carbamazepine/ketoprofen composition and
sufficient Pluronic 33% was added to yield 120 milliliters.
The resultant composition was mixed well to yield a com-
position having about 20% ketoprofen, 4% carbamazepine
and 5% doxepin.

Example 48

0.15 grams sildenafil was crushed and strained and dis-
solved in 5 milliliters Pluronic 20% F127 and mixed
between syringes. 2.2 milliliters of soya lecithin was added
and mixed. Sufficient Pluronic 20% was added to yield 10
milliliters and the resultant composition was mixed well to
yield a composition having the strength of about 15 milli-
grams per milliliter,

Example 49

A mixture of Sildepafil 15 mg/ml was applied to the penis
and scrotum of a 51 year old male. An immediate and strong
erection resulted with sexual stimulation, without any irri-
tation or burning. It is believed the composition will possess
the therapeutic results claimed for orally administered
Sildenafil, without any time delay, without any systemic GI
side effects, and possibly without the degree of drug inter-
action with nitrates used in cardiac disease. It is believed that
this will contribute both to the convenience of use of the
pharmaceutical and to its safety.

Example 50

Compositions according the examples 45 through 47, 53,
55 were transdermally applied o numerous patients, for the
purpose of treating pain including as described in other
examples herein, with lhe results summarized in Table I
below. The meaning of certain entries in Table I is indicated
in Table 11 below. Blank results indicate no treatment af the
pertinent site for this patient. Where a given line of Table I
shows more than one site, one “best” (greatest pain relief)
result if showa in bold.
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10 milliliters 95% alcohol. 1200 mg gabapentin was dis-
TABLE II solved in one mi propylene glycol in a syringe with a luer
loc. 26.4 ml of soya lecithin was added to the ketoprofen-
Gender: 1 = male 2 = female guaifenesin-alcohol mixture and mixed well. The resulting
Sugery: 1 = one of more 2=m0 5 mixture was added to the gabapentin-propylene glycol mix-
;T:Eifr'fs_ mild ;u:g:;::emw 3 w severe-sufficient o ture and mixed well. 4.8 gm of carbamazepine was com-

preduce observed tears
Duration: length of treatment Lria] in weeks
Result: 0 = po benefil
1 = mild bezefit

2 = moderate bensfit (grealer lkan 25% pain reduction) 10

3 = major benefit (greater (han 40-45% pain reduction)
4 = almost complete relief (greater than 80% pain reduction)

Certain results drawn from the information of Table I are
summarized in Table 11T and TV.

TABLE IIT

bined with the resultant combination and mixed well to form
a smooth paste, The resulting paste was combined with the
ketoprofen-guaifenesin-alcoholgabapentin mixture and
mixed well with sufficient pluronic to yield 120 ml of 2
composition containing ketoprofen 20%, carbamazepine
4%, gabapentin 4%, guaifenesin 10%.

Example 54

A 58 year old female with damage to her cervical spinal
cord with a resultant spastic quadreparesis reported moder-

Percent reporied pain relief

N (Number
of data Mild-
Site poinls) None Mild moderale moderaste  Major  Tolal
WrisL 13 16.7 333 83 41.7
Shoulder 14 74 21.4 14.3 429 7.1 71
Elbow 3 40 20 20 20
Back 25 24 32 8 28 8
Arm 7 28.6 143 14.3 28.6 14.3
Neck 11 91 182 45.5 g1 18.2
Knee 13 154 452 15.4 7.7 15.4
TABLE IV
(percent reported pain relief
Mild-

N None Mild modemate moderate  Major  Tolal
Best result without trheyclic 36 16.7 36.1 83 278 83 2.8
Best result with any tricyclic 20 10 10 20 35 15 10
Either tricyclic ~sole agenl ? 14.3 143 429 14.3 14.3
Best result with ketoprofen 25 16 44 4 28 2
gabapentin piroxicam
Best result without doxepin 43 186 32.6 14 233 7 4.7
Best result with doxepin 13 7.7 7.7 538 231 77

45 . .
Example 51 ate relief of both pain and muscle spasms when she applied

A 51 year old female administered a composition pre-
pared according to example 46, containing 20% ketoprofen,
5% doxepin, and 10% guaifenesin to her back for a period

of 2 weeks. She reporied moderale pain relief, lasting 52

several hours, after each application. She reported no slin
irritation nor any other side effects. Oral medications had
produced no relief, and had caused significant GI side
effects.

55

Example 52

A 34 year 0ld man administered a composition containing
20% ketoprofen, 4% carbamazepine, and 5% doxepin to &
very severcly scarred wrist that had undergone 4 surgeries

for carpel tunnel syndrome, He reported moderate pain S0

relief, lasting for several hours after each application. No
other treatment, including opiate oral pain medication, bad
been effective in providing even minor pain relief.

Example 53

24 grams ketoprofen and sufficient guaifenesin to result in
a 10% final guaifenesin concentration, was mixed well with

a mixture prepared generally according to example 53,
containing ketoprofen 20%, carbamazepine 4%, gabapentin
4%, guaifenesin 10% for a period of 8 weeks to her back and
hip. She had been unable to tolerate both oral carbamazepine
and oral gabapentin because of systemic side effects, inclnd-
ing skin rash with the carbamazepine and dizziness and
sedation with the gabapentin. She experienced no skin
irritation nor other side effects with the transdermal formu-
lation.

Example 55

Six grams of doxepin powder combined with 26 millili-
ters pluronic and placed i the refrigerator until dissolved.
1200 mg gabapentin was mixed with 1 ml propylene glycol
and placed in a syringe with luer lock. 6.6 ml of soya lecithin
was added and mixed well between syringes. 24 gm of
ketoprofen and 8 milliliters alcohol was mixed well between
iwo syringes with Iuer Ioc. The doxepin mixture was mixed
well with the gabapentin mixture and subsequently the
ketoprofen mixture was added and mixed well. Sufficient
pluronic 20% (about 54 ml) was added to yield 60 ml of a
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composition having about 20% ketoprofen, 4% weight per-
cent gabapentin and 5% weight percent doxepin.

Example 55

A 57 year old female applied a mixture, prepared gener-
ally according to example 55, containing ketoprofen 20%,
gabapentin 4%, and doxepin 5% for a period of 8 weeks to
her neck and reported major relief. She applied the same
mixture 10 her shoulder and reported moderate relief. A
mixture that substituted piroxicam for the doxepin produced
only mild shoulder relief.

Example 57

A 35 year old man with a history of knee injury with
vascular compromise and 3 surgeries applied a mixture,
prepared generally according to example 45, containing 4%
carbamazepine and 5% amitriptyline 1o his knee, and
reported mild to moderate pain relief, without skin irritation
nor other side effects.

Example 57A

A 41 year old woman with hisiory of back surgery applied
4 mixture, prepared generally according to example 45,
containing 4% carbamazepine and 5% gabapentin to her
back for a perind of 2 weeks. She reported mild pain relief.

Example 58

A 53 year old man with a history of two (otal bilateral
knee replacements applied a mixiure, prepared generally
according to example 45, containing 4% carbamazepine and
5% amitriptyline to both knees for a pericd of 4 weeks. He
reported no pain relief.

Example 58A

A 54 year 0ld man with a history of 7 back surgeries
applied a mixture, prepared generally according to example
45, containing 4% carbamazepine and 5% amilriptyline to
his back for a period of 2 wecks. He reported mild to
moderate pain relief, over and above that he was receiving
from a transdermal opiate medication (Duragesic). He
reported no side effects, and specifically no skin irritation.

Example 59

A 38 year old man with a history of shoulder strain
applied a mixtire, prepared generally according to example
45, containing 4% carbamazepine and 5% amitriptyline Lo
his shoulder for 2 period of 2 weeks. He reporied mild to
moderate pain relief, and reported no skin irritation nor other
side effects.

Example 61

Sufficient carbamazepine and gabapentin was added (o a
combination of soya lecilhin and pluronic to yield a lecithin
organogel out 4%/a carbamazeprine 5% gabapeniin.

Example 62

A 42 year old woman with a history of 3 back surgeries
and cervical degencrative disc discase applied a mixture,
prepared according to example 61, containing 4% carbam-
azepine and 3% gabapentin lo her neck and reported total
relief of pain. She reported no side effects, and no skin
irritation. She noted the complete and rapid resolution of a
migraine like headache al the same time. Administration of
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the same mixtire to her arm and her wrist, affected by a
diagnosed condition of reflex sympathetic dystrophy,
yielded moderate paip relief.

Example 63

3.6 grams gabapentin was dissolved with 5.4 ml ethoxy
diglycol using a mortar and pestle. 9.6 grams ketoprofen and
2.7 grams piroxicam were added and the resultant compo-
sition mixed well 19.8 milliliters soya lecithin was added
and resultant mixture mixed well and added fo a sufficient
quantity of 20% pluronic gel to yield 90 milliliters of a
composition having about 10 percent ketoprofen, 4% gaba-
pentin and 3% piroxicam.

Example 64

3.6 grams gabapentin was dissolved with 5.4 mI ethoxy
diglycol using a mortar and pestle. 9 grams ketoprofen and
0.9 grams piroxicam were added and mixed well. 19.8
milliliters soya lecithin was added to the resultant mixture
and mixed well. Sufficient amount of pluronic gel 20% was
added to yield 90 millilifers of a composition having
approximately 10% ketoprofen, 4% gabapentin and 1%
prioxicam.

Example 65

12 g doxepin was mixed with 50 m] Pluronic F 127 33%
and placed in a refrigerator to dissolve. 12 g gabapentin was
dissolved in 9 ml ethoxy diglycol apd mixed to form a
smooth paste. 52.8 ml of soya lecithin was added and mixed
well. The doxepin/Pluronic mixture was added and mixed
well. Sufficient quantity of Pluronic F 127 20% was added
to produce 240 ml of a composition having about 5 wt %
gabapentin and 5 wt % doxepin.

Example 66

A 36 year old man with a knee injury involving joint
surface damage and vascular comprise applied a mixture,
prepared generally according to Example 65 to his knee
several times per day. He reported moderate to major (40%)
relicf of pain that persisted for 4 to 6 hours. An earlier trial
of carbamazepine-amitriptyline gel produced no relief when
applied to his knee.

Example 67

6 gm doxepin was mixed with 18 ml of Pluronic 33% to
and placed in a refrigerator to dissolve. 6 gm gabapentin was
ground in a mortar and pestle to a fine powder, added 1o 6
ml ethoxy diglycol and mixed to form a smooth paste. 12 gm
guaifenesin was added and mixed well. 26.4 ml soya lecithin
was added and mixed well. The doxepin/Pluronic mixture
was added and mixed well. Sufficient quantity of Pluronic
gel (252 ml of 33% Pluronic, although 30% or 20%
Pluronic can be used), was added to produce 120 ml] of a
composition having about 3 wt % gabapentin, about 5 wt %
doxepin and about 10 wt % gnaifenesin.

Example 68

A 55 year old woman with a back and shoulder injury
sustained as a nursing care provider applied a mixfure,
prepared generally according to Example 67, to her back
three times per day for a period of two weeks and achieved
major relief She applied the same mixture to her hip and leg
and reported moderate to major relief A mixture containing
only doxepin provided only moderate relief to her back, and
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mild to moderate relief to her hip and leg. A mixture that
contained only ketoprofen, gabapentin and piroxicam pro-
vided only mild relief to her back.

Example 69

A 59 year old woman with cervical and back strain
applied a mixture, prepared generally according to example
51, but without steps involving ketoprofen) containing about
5 wit % doxepin and about 10 wt % guaifenesin, to her neck
for a period of two weeks, two to four times per day, and
achieved total relief. She applied the same mixture 10 her
back and achieved major to total relief.

Example 70

4,5 gm of doxepin HCI was dissolved using 2.5 ml 95%
alcoho! and mixed well between syringes. It is also possible
to mix the doxepin with 5 ml Pluronic 20% and place in a
refrigeralor to dissolve. Sufficient quantity of 20% Pluronic
F127 was added to produce 90 ml of a composition having
about 5 wt % doxepin. Preferably this and other disclosed
composilions are protecied from light.

Example 71

A 61 year old man with injuries to his back, neck and arm
applied a mixture (prepared generally according to Example
70) to his neck four times per day and achieved major relief.
He applied the same mixture to his elbow and achieved
moderate relief.

Example 72

A formulation of 7% antidepressant and about 10%
muscle relaxant was prepared by dissolving 3.15 g of
trimipramine and 4.5 g of guaifenesin in a mixer jar using
2.7 mL of ethoxy diglycol. About 9.9 mL of soya lecithin
was added and the mixture was mixed well. Sufficient
quantity of Pluronic F127 NF (20%) to make total volume
of about 45 ml. was added and mixed well.

Example 73

A gel formulation of 30% NTHE was prepared from 36 g
of celecoxib, 7.2 mL of ethoxy diglycol, 26.4 mL of soya
lecithin and sufficient quantity of Pluronic F127 NF (20%)
ta make total volume of 120 mL.

Example 74

Agel formulation containing about 7% antidepressant and
about 13% muscle relaxant was prepared from 14.4 g of
doxepin, 31.2 g of guaifenesin, 12 mL of ethoxy diglycol,
52.8 mL of soya lecithin and sufficient quantity of Pluronic
F127 NF (33%) to make total volume of 240 mL.

Example 75

A pel formulation containing 5% antiepileptic was pre-
pared from 6 g of lamolrigine, 6 wL of ethoxy diglycol, 26.4
mlL. of soya lecithin and sufficient quantity of Pluronic F127
NF (33%) to make total volume of 120 mL.

Example 76

A gel formulation containing 10% adrenergic agonist was
prepared from 12 g of crushed tizanidine, 6 ml. of ethoxy
diglycol, 256.4 mL of soya lecithin and sufficient quantity of
Pluronic F127 NF (33%) to make total volume of 120 mL.

Example 77

A gel formuiation containing 10% muscle relaxant was
prepared from 12 g of crushed metaxalone, 6 mL of ethoxy
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diglycol, 26.4 mL of soya lecithin and sufficient quantity of
Pluronic F127 NF (33%) to make total volume of 120 mL.

Example 78

A gel formulation containing 10% muscle relaxant was
prepared from 12 g of crushed catisoprodol, 6 mL of ethoxy
diglyeol, 26.4 mL of soya lecithin and sufficient quantity of
Pluronic F 127 NF (33%) to make total volume of 120 mL.

Example 79

A gel formulation coptaining 10% methocarbamol was
prepared from 12 g of crushed methocarbamol, 6 mL of
cthoxy diglycol, 26.4 mL of soya lecithin and sufficient
quantity of Pluronic F127 NF (33%) to make total volume
of 120 mL.

Example 80

A gel formulation contaiming 10% muscle relaxanl was
prepared from 12 g of crushed dantrolene sodium, § mL of
ethoxy diglycol, 26.4 mL of soya lecithin and sufficient
quantity of Pluronic F127 NF (33%) to make (otal volume
of 120 mL.

Example 81A

A gel formulation containing 7% antidepressant, 10%
muscle relaxant was prepared from 8.4 g of crushed
doxepin, 12 g ol chlorzoxazone, 6 mlL of ethoxy diglycol,
26.4 mL of soya lecithin and sufficient quantity of Pluronic
F127 NF (33%) to make total volume of 120 mlL.

Example 82

A series of experiments in human subjects were per-
formed using various combinations of pharmaceuticals. The
results are indicated in FIG. 2.

Values of pain relief as rated by the patients are provided
for each body part for which the medication was adminis-
tered. The scale used In FIG. 2, is as follows:

0= None no benefit or equivalent bencfit
1= Mild less than 15% pain reduction

1.5 = Mild-moderate 15-33% pain reduction

2.0 = Moderale 25-23% pain reduction

2.5 = Moderale-major 33-45% pain reduction

3.0 = Major 45-60% pain reduction

3.5 = Mejor-total 60-80% pain reduction

4.0 = Total grealer than 80% pain reduction

For each body part and for each percentage composition
of each compounded medication, the individual ratings as
well as a mean, which is the statistical mean of the values
given according to the scale listed above, are provided. For
example, 3 patients were administered doxepin 5% to their
back, and ihe mean level of relief was 2.333. By contrast, 13
patients received the 5%/10% doxepin-guaifenesin
combination, and their mean level of pain relief was 2.885.
Results for 7/10 and 10710 compositions of doxepin guaifen-
esin are also given, and the mean for the entire sample of
dox-guai in 2]l combinations is provided at the end of the
section, namely 2.722.
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The abbreviations used in FIG. 2 are as follows:

Abbreviations Generic Pharmacentical names

c-dox-gu carbamazepine doxepin guaifenesin
c-gab-do carbamazepine gabapentin doxepin
carb carhamazepine

carb-ami carbamazepine amilriptyline
carb-gab carbamazepine gabapentin

dox daxepin

dox-chl deRepin chiorzoxazone

dox-guai doxepin goaifenesin

g-dox-gu gabapentin doxepin guaifenesin
gab-dox gabapentin doxepin

k-ca-dox ketoprofen carbamazepine doxepin
k-car-pi ketoprofen carbamazepine piroxicam
k-dox-ch ketoprofen doxepin chlorozoxazone
k-dox-gu ketoprofen doxepin graifenesin
kedox-pi ketoprofen doxepin piroxicam
k-g-do-g ketoprofen gabapentin doxepin guaifenesin
k-gab ketoprofen gabapentin

k-gab-ami ketoprofen gabapentin amilriptyline
k-gab-do ketoprofen gabapentin daxepin
k-gab-gu ketoprofen gahapentin guaifenesin
k-gab-pi ketoprofen gabapentin piroxicam
k-pt ketoprofen piroxicam

la-li-gn lamotrigine lidocalne guaifenesin
lam-chl lamotrigine chlorzoxazone
o-dox-ch naproxen doxepin chlorzoxazone
naproxen naproxen

tri-cht trimipramine chlorzozazone

Based on the results described herein, doxepin appears to
be an effective pain relief medication when administered
transdermally and appears to be substantially free of side
effects when administered (ransdermally as described
herein.

Doxepin appears lo provide about three times the positive
response rale compared to at least some other pharmaceu-
tical agents described herein, regardless of whether such
other pharmaceulical agenis are administered singly or in
combination. Doxepin appears o be substanlially more
effective than amitriptyline as a pain, e.g., neuropathic pain
agent when administered transdermatly, This appears to be
true regardless of whether doxepin is administered as a
single agent or is administered in combination with other
pharmaceulicals as described herein.

Carbamazepine appears to provide positive effects as a
pain, €.g., meuropathic pain agent, ai leasl in properly
selected patienis. Carbamazepine appears to cause a rash in
at least same palients, requiring its discontinuation.

These side effects appear similar 10 those that are noted
for oral administration of carbamazepine. Gabapentin
appears {o be free of side effects when administered trans-
dermally. Although some patients appear to derive some
benefit from a combination of transdermally administered
ketoprofen, gabapentin, and prioxicam, the effect appears to
be relatively weak compared io the effect provided by
doxepin.

Guaifenesin appears to provide benefit as an adjunctive
treatment, of painful spasticity. For the patient populalion
described herein, amitriptyline appeared to offer limited pain
relisf when administered transdermally. It appears thal com-
bining gabapentin with doxepin may offer some additional
benefit. The addition of guaifenesin to doxepin may be of
pariicular value when painful spasticity is present.

In view of the above, the invention provides Lreatment Lo
patients for whom oral delivery is suboptimal, such as
patients who experience gasirointestinal or other side
effects, patients who experience poor absorption for arally
delivered pharmaceuticals and/or patients who benefit from
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delivery over an extended period or a relatively rapid
delivery or higher rate of increase of plasma levels. The
present invention achieves delivery of therapeutic amounts
of pharmaceuticals, for at least some patient populations,
substantially without skin irritation, gastrointestinal or other
side effects associated with oraliy-delivered
pharmaceuticals, especially psychopharmaceuticals, and
yields clinical benefits comparable fo or greater than those
received by patienis to whom corresponding pharmaceuti-
cals were administered orally. In view of the above reasons,
particularly effective pain medications are those described in
examples 65, 67, 69 and 70.

A mmber of variations and modifications of the invention
can also be used. It is believed that blood plasma levels may
be increased by providing for two or more transdermal
applications per day and/or applying a transdermal compo-
sition to two or more sites.

In at least one case, application of 2 Prozac gel formula-
tion iwice daily appeared to approximately double the
plasma level. It is believed that an approach such as applying
a Prozac gel formulation twice daily to two sites will yield
middle range therapeutic levels of about 140-250 ng/ml. Al
least partially on the basis of the resulls described herein for
fluoxetine, it is believed olanzapine (sold under the trade
name Zyprexa) or a fluoxetine/olanzapine mixture in a
Tecithin organoget will prave useful.

Other types of psychotropic or psychopharmaceutical
medications for which the described transdermal delivery
may be used including psychostimulant medications. One
example of a psychostimulant medication is Methylpheni-
date (sold under the trade name Ritalin) used in the treatinent
of atlention deficit hyperactivity disorder (ADHD). Meth-
viphenidate typically has & 2—4 hour duration of action
necessitating frequent dosing of a patient which is particu-
larly difficult to accomplish with children in school. It is
believed that by using transdermal adminisiration, it will be
possible to achieve an extension of effective dosing through-
out the day, eliminating the need for frequent oral medica-
tion administration. It is believed that transdermal adminis-
tration will also eliminate peaks and valleys of blood plasma
levels which, it is believed, will be more clinically effective.
It is belicved similar results will be obtained with other
pharmaceuticals, for example, Dextroamphetamine (under
the trade name Dexedrine) although it is believed the need
is less acule since a time release “spansule” form of (he
medication is available which typically has a 5-6 hour
duration of action. Another group of psychotropic medica-
tions which, it is believed, will benefit from transdermal
delivery includes antipsychotic medication such as those
used in the treatment in schizophrenia.

Emboediments of the invention include, but are not nec-
essarily limited to, use by paiients with enteric absorption
deficils.

Equivalents

Those skilled in the art will recognize, or be able to
ascertain using no more than routine experimentation, many
equivalen(s to the specific embodiments of the invention
described herein. Such equivalents are intended lo be
encompassed by the following claims.

What is claimed is:

1. A method for treating pain in 2 subject comprising
contacting said subject with a transdermal composition
comprising:

a psychopharmaceutical and guaifenesin in an amount

effective to treat pain, and lecithin organogel,

thereby treating pain in said subject.

2. The method of claim 1, wherein said psychopharma-
ceutical is selected from the group consisting of sertraline,
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fluoxetine, carbamazepine, amitriptyline, trazodone,
fluvoxamine, pemoline, pergolide, bromocriptine mesylate,
propranolol, buproprion, reboxeline, valproic acid, nefaz-
odone and doxepin.

3, The method of claim 1, wherein said fransdermal
compasition further comprises Pluronic F127.

4. The method of claim 1, wherein said psychopharma-
ceutical is doxepin.

5. The method of claim 1, wherein said iransdermal
composition comprises about 5 wt % doxepin.

6. The method of claim 1, wherein said transdermal
composition cpmprises about 10 wt % guaifenesin.

7. The method of claim 1, wherein said transdermal
composition comprises about 5 wt % doxepin and about 10
wt % guaifenesin.

8. A method for treating pain in a subject comprising
conlacling seid subject wilh a (transdermal composition
comprising:

doxepin and guaifencsin in an amount effective to treat

pain, and lecithin organogel,

thereby treating pain in said subject.

9. The method of clajim 8, wherein said transdermal
composilion comprises about 5 wt % doxepin.

10. The method of claim 8, wherein said transdermal
composition comprises about 10 wt % guaifenesin.

11. The method of claim 8, wherein said transdermal
composition comprises about 5 wt % doxepin and aboul 10
wt % guaifenesin.
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12. A method for treating pain in a subject comprising
contacting said subject with a transdermal composition
comprising:

doxepin and guaifenesin in an amount effective to treat

pain, Pluronic F127, and lecithin organogel,

thereby trealing pain in said subject.

13. The method of claim 12, wherein said transdermal
composition comprises aboul 5 wt % guaifenesin.

14. The method of claim 12, wherein said transdermal
composition comprises about 10 wt % puaifencsin.

15. The method of claim 12, wherein said transdermal
composition comprises about 5 wt % doxepin and about 10
wt % guaifenesin.

16. A method for ireating pain in a subjecl comprising
contacting said subject with a transdermal composition
comprising:

about 5 wi % dogepin, about 10 wt % guaifenesin, and

lecithin organogel,

ihercby treating pain in said subject.

17. A method for treating pain in a subject comprising
contacting said subject with 2 transdermal composition
comprising:

about 5 wi % doxepin, about 10 wi % guaifenesin,

Pluronic F127, and lecithin organogel,
thereby ireating pain in sajd subject.

L S . .
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and feeding the resulting DC to the inverler’s input; whereby
the magnitude of the vollage across the capacitor will be
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of the DC voltage; which level is sel such as 1o resull in
acceptable lamp staning while at the same time preventing
any voliage-limiting from taking place at any time as long as
the lamps are operating.
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SERIES-RESONANT BALLAST HAVING
OVERLOAD CONTROL

RELATED APLICATION

This is a continuation of Ser. No. 07/280,943 filed Dec. 7,
1988 which is Continuaiion-in-Pari of Ser. No. 07/080,865
filed Aug. 3, 1987, now U.S. Pat. No. 4,819,146.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention telates to series-resomant-loaded
inverters, particularly as used for powering gas discharge
lamps.

2. Description of Prior Art

In an inverter where a gas discharge lamp Ioad is parallel-
connecled across the tank capacitor of a high-Q LC circuit
Ihat is resonantly series-exciled by a high-frequency voltage
output of the inverter, it is necessary to provide some means
to protect agaimst the high currenis and voltages resulting
due to so-called Q-multiplication whepever the lamp load is
removed or otherwise fails to constitute a proper load for the
LC circuit.

In U.S. Pat. No. 4,370,600 (o Zansky, circuil protection is
provided by way of previding to the LC circuit an aliernative
load in the form of a2 vollage-clamping means; which
voltage-clamping means acts to load the LC circuit duning
agy period when ihe larmop does ot constitute a proper load
therefor.

The voliage-clamping is accomplished by reciifying the
Q-multiplied voltage output of the LC circuit and by apply-
ing the resulting DC ouiput to the ioverler’s DC power
SOUCCE.

However, during any period when vollage-clamping docs
occur, a relatively large amount of power circulates within
the electronic ballast means: from ihe inverler’s oulpul,
through the LC circunt, and back into the imverter’s DC
power source by way of the voltage-clamping means.

SUMMARY OF THE INVENTION

Objects of the Invention

An object of the present invention is that of providing
overload-protection means in a tuned inverter.

This as well as other objects, features and advantages of
the present invention will become apparent from the fol-
lowing descripiion and claims.

Brief Description

AC power line voliage is rectified and filtered such as to
result in a DC voltage whose inslantancous abschile mag-
nitude is equal to that of the power line voltage except for
being prevenied from ever falling below about half of the
peak magnitnde of the power line voltage. A half-bridge
inverter is powered from this highly nppled DC voltage. The
inverter’s output voltage is loaded by way of a series-tuned
high-Q LC circuit. Two fluorcscent lamps are series-
connected across the secondary winding of a transformer
whose primary winding 1s connected across the tank capaci-
tor of the LC circuil.

The magpitude of the voltage present across the lank
capacitor is pormally imited by ihe loading represented by
the fluorescent lamps. However, with the lamps removed, if
not ¢xpressly prevented from doing so, the magnitude of the
voltage across ihe tank capacitor will increase to a desiruc-
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tive level due to Q-multiplication. To prevent this from
happening, an auxiliary winding on the transformer is used
for limiting the magnitude of the voltage across the tank
capacitor by rectifying the output from the auxiliary winding
and feeding the resulting DC to the inverter’s DC input. As
a result, the magnitude of the voltage across the tank
capacitor will be limited to a level delermined by the
instantaneous magnitude of the DC voltage; which level 1s
set such as to resuli in acceptable lamp starting while at the
same time prevenling any voltage-limiting from taking place
at any time when the lamps are indeed operating.

To limit internal power dissipation during periods when
the lamps are not connected, the effective magnitude of the
mverter’s outpet vollage is made to decrease in a time-
delayed manner as a function of the magnitude of the current
flowing from the auxiliary secondary winding.

The inverier is of Lhe self-oscillating type and control of
the effective magnitede of the inverter’s outpul voltage is
effected by controllably heating the ferrite maierial of cne of
two safurable cumrent transformers used in the feedback
loop.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 provides a basic electrical circuit diagram of the
preferred embodiment of the invention.

FIG. 2 indicates the waveshape of the DC voltage used for
powering the inverler.

FIG. 3 indicates the waveshape of varions high frequency
voltages present within the circuit.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

Details of Construction

FIG. 1 schematically illustrates the electrical circuit
arrangement of the preferred embodiment of the present
invention.

In FIG. 1, a source S of ordinary 120 Volt/60 Hz power
line voltage is applied to power input terminals PITa and
PITb; which terminals, in turn, are connected with a bridge
rectifier BR. The DC ountput from bridge rectifier BR is
applied to a B+ bus and a B— bus, with the B+ bus being of
positive polarty.

A first communitating rectifier CR1 is connected with its
cathode to the B+ bus and with its anode fo a junction J1. A
first energy-sioring capacitor ESC1 is connected between
junction J1 and Lhe B~ bus. A second communitating recti-
fier CR2 is connected with its cathode 10 a junction 12 and
with its anode to the B- bus. A second cnergy-storing
capacitor ESC2 is conpected between junction J2 2od the B+
bus. A third commutating reciifier CR3 is series-connected
with a currem-limiting resistor CLR to form a serics-
combination; which series-combinaiion is connecied
between junctions J1 and J2 in such manmer that the cathode
of rectifier CR3 is connecied with junction J1.

A first high-frequency filter capacitor HFFCa is connected
between the B+ bus and a junction J¢; and a second
high-frequency filter capacitor HFFCb is connected between
junction Jo and the B- bus.

A first switching transisior Qa is connecled with ils
collecior to the B+ bus and with its emitter to a junciion Jg;
a second switching transistor Qb is comnected with its
eollecior to junction Jq and with ifs emitter to the B— bus.

A first safurable current transformer SCTa has a secondary
winding SCTas connected across the bas¢-erniiter junction
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of transistor Qa; a second saturable current ransformer
SCTb has a secondary winding SCTbs connecled across the
base-emitter junciion of transistor Qb. The satarable current
transformers each has a primary winding; which primary
windings are scries-comnected between a junction Jx and
Juriction Jg.

A resistor Rt is congecled between the B+ bus and a
junction Jt; a capacitor Cl is connected between junction Jt
and the B- bus; and a Diac D1 is conaecled belween junction
J and the base of transistor Qb.

A tank inductor L is connected beiween a junction Jy and
junction Jx; and a lank capacilor © is connecled between
junctions Jy and Jc.

The primary winding Tp of a transformer T is connected
between junctions Je and Jy; while two fluorescent lamps
FL1 and FL.2 are seresconnected across its secondary
winding Ts. A tap Tt oo primary winding Tp is connected, by
way of a healing resistor HR, to a junction Jz; which heating
resistor HR is thermally coupled with the magnetic core of
saturable curreni transformer SCTb. A firsi high-speed rec-
tifier HSRa 1s connecled with its anode 10 junction Jz and
with iis cathode 1o the B+ bus. A second high-speed rectifier
HSRD is connected with its cathode to junction Jz and with
its anode to the B— bus.

Details of Operation

Except for effects associated with heating the ferrite core
of saturable current transformer SCTb, the operation of the
half-bridge inverier of FIG. 1 is conventional and is
explained in conjunction with FIG. 8 of U.S. Pat, No. Re.
31,758 1o Nilssen.

For a given magnitude of the DC supply voltage, due to
the effect of the high-Q LC circuit, the magmtude of the
current provided to the fluoreseent lamp load (or to any other
load presented to the ovtput) is a sensitive function of the
waveshape of the inverier’s output voltage; which output
voltage is a squarewave voltage of controllable symmetry
and having peak-to-peak magpitude about equal to that of
the instantaneous magpitude of the DC voltage present
between the B— bus and the B+ bus.

The symmetry of ibe inverler’s squarewave oulpul voll-
age is a sensitive function of the magnetic flux samration
characteristics of the magnetic core of saturable current
transformer SCTb; which flux saturalion characlenslics
determine the duration of the ON-time of transisior Ob.

For a situation where the ferrite cores of both saturable
currenl lransformers are beated, the resull is increasing
invener frequency with increasing core lemperature; which
sitnation is explained in detail in U.S. Pat. No. 4,513,364 to
Nilssen. Specifically, as the saturation lux density of the two
saturable cumrent transformers is reduced, the inverter’s
oscillation frequency increases.

Omne way of reducing Lhe transformers’ saturation flux
density is that of increasing the temperature of the ferrite
magnetic cores used in those transformers; which effect is
further explained in U.S. Pat. No. 4,513,364 to Nilssen.
However, in instant situation, only onc of the two magnetic
cores is heated; and the net result is thai the duration of the
ON-time of transistor Qa slays comstani while the duration
of the ON-time of transislor Qb decreases.

On the other hand, the fundamental frequency of the
inverter’s output vollage is determined by the duration of the
ON-time of ithe fransistor that has the longest ON-time,
Thus, for the circnit arrangement of FIG. 1, as long as the
saturation flux of the ferrite core of saturable curreni trans-
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former SCTa remains unaffected, the inverter’s oscillation
frequency stayvs approximately constant even as the satura-
tion flux of the ferrite core of saiurable current transformer
is reduced. As ao overall result, as the duration of the
ON-time of transislor Qb is reduced (such as by heating the
ferrite core of salurable current transformer SCTh), the
fundamental frequency as well as the peak-lo-peak magni-
tude of the inverter’s squarewave output voltage remains
approximatcly conslant, but the symmetry of this cutput
voltage is modified such as to reduce the magnimde of the
fundamenial frequency component thereof.

In fact, by sufficiently heating the ferrite core of saturable
current transformer SCTh, the duration of the ON-time of
transistor Qb may be reduced to near zero, thereby resulting
in a dramatic reduction of the magnitude of the fundamental
frequency component of the Imverter’s squarewave oufpul
voltage.

Thus, in view of FIG. 1, it is clear that: i) the more heating
power provided 1o healing resistor HR, if) the higher be the
resulting temperature of the magnetic cote of saturable
current transformer SCTD, iii) the more reduction there-be in
the saturation flux density of this eurrent transformers’
ferrite magpelic core, iv) the shorter be the duration of the
ON-time of wansistor Qb, v) the lower be the magnitude of
the fundamental frequency component of the inverler’s
ouiput vollage, and vi} due to the frequency-dependence of
the output ¢ircuit, the lower be the magnitude of the curent
provided to the load.

In other words, since the heating power for heating
reststor HR is provided by the clamping-current fiowing out
of tap Tt—as long as the healing resistor 1s an ordinary linear
resistor means—:the amount of heating power provided will
be deiermined by the square of the magoitnde of the
clamping-current; which implies that the magnitude of the
fundamental frequency component of the inverter's square-
wave output voltage will decrease sensitively as a function
of increasing magnitude of the clamping-curreni. Thus, a
negative feedback condition exists: in the end, the magni-
mde of the clamping-current is manifestly prevented from
exceeding the level at which thre temperature of the magneiic
cores of (he samrable current transformers reaches the
Curie-point; at which poinl the inverter ceases o oscillate.

In particular, the various component valies were S0
chosen that the magnitude of the clamping-current stabilized
at a level at which the amount of power associaled with the
clamping function is quite modest; which level is very much
lower than the level of power associated with the clamping
function prior to heziing the magnetic core.

In the circuit of FIG. 1, the LC circuil is rormally loaded
with the two fluorescent lamps (via transformer T); and
when the LC circnit is so loaded, the magnitude of the
voltage present across the tank capacitor will be too low 10
cause clamping-current to flow. However, with the lamp
loading removed, due to Q-multiplication, the magnitude of
the voltage across the tank czpacitor will rise until clamping-
current flows.

With 120 Volt/60 Hz provided to rectifier BR, 2s indicated
by FIG. 2, the magnitude of the DC voliage provided to the
inverter varics periodically—at a frequency of 120 Hz—by
a factor of about two: from 2 minknum of about 84 Volt ta
a maximum of about 168 VoIt

It is imporiant that no clamping occur during normal
operation of the fluorescent lamps. During such pormal
operation, the magnitude of the voliage present across the
lamps will be essentially constant: determined by basic lamp
characteristics. However, as indicated, the magnitude of the
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DC voltage is highly variable; which implies that the voltage
magnitude at which clamping starts must be at least twice as
high as the normal lamp operating voltage.

In fact, taking inlo account variability in the magnitudes
of Lhe power line vollage and (he lamps’ operaling vollage,
it is prudent to arrange for a situation where clamping does
not start to occur until the magnitude of the voliage across
the lank capacilor reaches a level that is about three times as
bigh as the level associated with normal lamp operation.

Wilh no heating ol the [errite core of salurable current
transformer SCTh, the inverter’s output voliage will be as
indicated by Vo of FIG. 3. The corresponding inverter output
current will be as indicaled by 10 of FIG. 3. The voltage
across tank capacitor C will be as indicated in FIG. 3; and
the voltage across tank inductor L will be as indicated in
FIG. 3.

With heating provided to the ferrite core of saturable
current transformer SCTb, the inverier’s output voltage Vo
will become non-symmelrical; although the inverter fre-
cuency will remain substantially constanl. As a result, with
other things being approximalely equal, the magnitude of
the inverter’s output current will decrease.

When operating normaily, the fluorescent lamp load will
draw about 60 Waits from the inverter and limit the mag-
nitude of the ontput voltage across the secondary winding Ts
to about 200 Volt. If the lamp foad were to be disconnected,
the magniinde of the ouiput voltage would increase from
about 200 Volt to about 600 Volt, at which poinl it would be
prevented [rom increastog further dne 1o the clampmg effect
resulting from the clamping-current flowing from tap Tt of
primary winding Tp of transformer T. With other things
being approximately equal, with the magnitude of the load
voltage effectively increasing by a factor of three, the power
drawn from the inverter will likewise increase by a factor of
three: from 60 Walls to aboul 180 Walts; wiich 180 Walls
would circulate: from the fnverter’s DC source, through the
inverier, through the mned LC circuit, through primary
winding Tp, through healing resistor HR, and Gnally back Lo
the ioverter’s DC source.

Of course, this circulating power must nol damage the
inverter nor any other other parts of the cirenzt. Moreover,
since 1 is indeed possible that the lamp load be left discon-
necled for extended periods of ime, it is importani thal an
excessive amouent of power not be dissipated as a result of
this confinuous circulation of a relatively large amount of
power. Thus, absenl means for reducing the amount of
circulating power, it becomes necessary to use component
parts capable contiruously and efficiently of handling about
three 1imes more powser than required under normal condi-
tions where the lamp is indeed conpected and operative 10
constitute a proper loading for the tuned LC cirenit.

An important feature of instant invention relates to means
for reducing the amount of power circulating when the tuned
LC cizcuil is lefl externally unloaded. This feature is attained
by feeding the clamping-current through heating resisior
HR, thereby increasing the temperature of the ferrite core of
saturable current transformer SCTb. In turn, this increased
temperature significanily redeces the amount of circulating
power, thereby reducing dissipation and componenti stresses.

The control sensitivity is arrzanged so as to cause the
ferrile core of sarrable current transformer SCTb 1o reach
its Curie-point at a level of clamping-current that is just
slightly higher than the maximum desired level of clamping-
current. As a result, if the tuned LC eircuit were in fact to be
left externally unloaded for some extended period of time,
the magnitide of the clamping-current would gradually
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reduce 1o but a2 smalt fraction of the level it wounld assume
in the absznce of controlling the temperature of the ferrite
core.

1o particular, witk the gaip in the negative feedback loop
set such as 1o limit the magnitude of the clamping current io
50 milli-Ampere or so, the circulaling power is limited 1o
about 30 Watss, Thai is, the 2mount of power fed back to the
DC source from tap Tt of transformer T is only about 30
Walts.

Of course, as soon as a functioning fluorescent lamp load
is connecled across secondary winding Ts, the magnitude of
the vollage Lhercacross will fall to about 200 Voli, and
clamping current will cease to flow.

Additional Comments

a) Detailed information relative 1o a fluorescent lamp
ballast wherein the fluorescent lanm is powered by way of
a series-excited parallel-loaded L-C resomant circnit is pro-
vided in U.S. Pat. No. 4,554,487 to Nilssen.

One effect of such a ballasling amangement js thal of
making the waveshape of the voltage provided across the
output (o the fleorescent lamps very nearly sinusoidal, even
though the output from the inverler itself, at the input to the
series-resonant LC circuil, is more-or-less a squarewave.

b) The instantancous peak-to-peak magnitude of the
more-or-less squarewave outpul voltage provided by the
half-bridge inverter between junctions Jq and Jc is substan-
iially cqual to the inslantaneous magnitude of the DC supply
voltage. Thus, as the magnitude of the DC supply vollage
varies, 50 does the peak-lo-peak magnitude of the more-or-
Iess squarewave output voltage.

) During a substantial part of each half-cycle of the 120
Voli/60 Hz power line inpul voltage, the instantancous
absolte magnimde of the DC supply voltage is substantially
equal to that of the power line ioput voltage.

d) Szturzble current trapsformers SCTa and SCTb require
only a miniscnle amonnt of voltage across thelr primary
windings. Hence, the magnitude of the voitage-drop
between junctions Jq and Jx 1s substantially negligibie, and
the mverter’s full output voltage is therefore effectively
provided berween junctions IJx and Je.

e) In the amrangement of FIG. 1, vollage-clamping is
effectively accomplished by parallel-loading the tank
capacitor, as opposed to parallel-loading the tank inductor.

That is, the voliage-clamping is accomplished at a point
wherc the available current is manifestly magnitude-
limiled—at Lthe fundamenla} inverter frequency as well as at
all harmonics thereof. As 2 resuli, no problems exist with
respect to component siresses due to peak currents of
excessive magmiludes resulling from the clamping process.

The voltage across the tank induetor is substantialiv
non-magnitude-limited with respect to currents at the vari-
ous harmonics of the inverter frequency. That is, there is no
manifest magnitude-limitation on the currents that will flow
in the vollage-clamping means when that voltage-clamping
means Is cffectively connected across the 1ank inductor; and
the resulting component sfresses are apt 10 be cxcessive,

While the vollage across the tank capacitor is apt to be
essentially void of harmonics of the inverter frequency (see
FIG. 3), the voltage across the tank inductor {see FIG. 3) is
particularly rich in harmonics of the tnverter frequency. In
fact, the voltage across the tank imductor is effectively equal
to the (vector) sum of the vollage across the capacitor and
the (more-or-less squarewave) voltage provided from the
inverier’s owtput.
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In the circuit arrangement of FIG. 4 in US. Pat. No.
4370,600 to Zansky, voltage-clamping is appled lo the
voltage present across the tank inductor; and, as a resuli,
severe component stresses occur as a result of clamping a
non-current-limited voltage.

f) The fundamental oscillating frequency of the inverter of
FIG. 1 is approximatcly 30 kHz, During normal operation—
that js, when fully leaded with its lamp load—the inverter’s
output voltage is a symmetrical squarewave, as indicated by
Vo of FIG. 3z; and the ON-time of each of the two switching
transisiors has a duration of about 16 micro-seconds.

As the temperature of the ferrite core of saturable current
iransformer SCTb is gradually increased, (he duration of the
ON-time of transistor Qb gradually decreases—while the
duration of the ON-time of transistor Qa remains subslan-
lially constanl. As a resull, the inverier’s oulpul voltage
becomes non-symmnetrical. Ultimately, the inverter’s ouipnt
voltage will become brief negative (square) voltage pulses
alternaling with relatively long positive (square) voliage
pulses. As a result, the rmagniude of the fundamental
frequency component of the inverter’s output vollage
decreases when increasing the temperatuse of the ferrite core
of saturable current transformer SCTb.

2) As may be observed by comparing waveforms lo and
Vo of FIG. 3, the current flowing from the inverter’s output
is somewhat delayed compared with the squarewave output
vollage; which is to say that the ipverter’s loading is slightly
inductive at the squarewave fundamental frequency.

That is, forward conduction of cach switching Iransistor
stops before the forward cuwrrent has reached zero magni-
tude. As a result, at the point of switching, the current that
was forward-flowing in one transisior will—as soon as that
trapsistor ceases to conduct—confinue (o flow as reverse
current in the other transistor. In this other transistor, this
reverse current will flow from the emitter, through the
(saturated) secondary winding of the associated cusrent
transformer, and through the base-collecior junction.

Thus, in a situalion where saturable cumert ransformer
SCTHb has a refatively high temperature and the ON-time of
transistor Qb is relatively short, the inverter’s more-or-less
sinusoidal culpul current will most of the time flow through
transistor Qa: either in the forward direclion, or in the
reverse direction via secondary winding SCTas and the
base-collector junction.

h) Controlling the inverter’s oulpul by way of controlling
the symmelry of ils squarewave output voltage has an
advantage compared with controlling its output by way of
controlling the inverter’s [requency.

The maverier's frequency can be controlled by heating the
ferrite cores of both salurable current transformers.
However, as frequency increases, the resulting output cur-
rent will become more-and-more out of phase with the
inverter’s oulput voliage; which rmplies that each transistor
will swiich at a point where the magnitude of the forward-
flowing curreni is relatively large; which, in tumn, leads to
high switching losses.

On the other hand, by heating only oge of the ferrite cores,
transislor swilching occurs at a more favorable poimt—
particularly in the sifuation of minimum power output.

1) 1 is believed that 1he present invention and its several
attendant advantages and features will be understood from
the preceding description. However, without departing from
ike spirit of the invention, changes may be made in its form
and in the constmction and interrelationships of its compo-
nent pasts, the form herein presented merely representing the
presently preferred embodiment.
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Whalt is claimed is:

1. A combination comprising:

a source of AT power line voltage;

a rectifier circuit connected with the AC power line
vollage and operative to provide a DC voltage at a DC
output; the instanlancous absolute magnitude of the DC
voltage being: (i) substantially equal to that of the AC
power line vollage whenever the instantaneous abso-
lute magnimde of the AC power line voltage is higher
than about hall iis peak absolule magnitude; and (i)
approximately constant whenever the insiantaneous
absolute magnitude of the AC power line voliage is
lower than aboul half its peak absolule magnilude;

an inverter circuit comnmected with the DC oulput and
operative to provide an inverter cutput voltage al a set
of inverler termminals; and

a Joad crreuit connected with the ioverier lerminals; the
toad cireuil including an LC circuit efleclively series-
connected across the inverier terminals; the LC circuit
having a tank capacitor and & tank inductor; a pair of
output tferminals being effectively parallel-connecled
with the tank capacitor; the LC circuit being resonant at
or near ihe fundamental frequency of the mnverter
output voltage; an output voliage developing across the
output terminals; the magnitude of the ouiput voliage
being determined by the nature of a final load con-
nected in circuit therewith; the final load comprising an
effective parallel-combination of a gas discharge lamp
means and a vollage-clamping sub-circuit; the voliage-
clamping sub-circuit comprising a rectifier snb-
assembly comnected in circuit with the DC terminals;
the final load being operative to abscrb output power
from the omfput termmnals; the output power being
absorbed by: (i) the gas discharge lamp means when-
ever il is in (act connecled and functional, or (ii) the
voltage-clamping snbeircuit whenever the gas dis-
charge lamp means 1s effectively non-connecied.

2. The combination of clatm 1 wherein Lhe irverler circuil
comprises conirol crcuitry operative to effect control of the
amouni of power delivered to the final load from the inverter
oulput irrespeclive of the magnitude of the DC vollage.

3. The combination of claim 1 wherein the inverter circuit
compnses control circuitry operative to effect control of the
effective magnitude of the inverter output voltage irrespec-
tive of the magnitude of the DC voliage.

4. An arrangemen! comprising:

a source operalive to provide a DC vollage across a pair

of DC terminals;

an inverier circuit connected with the DC terminals and
operative to provide an alternaling inverier outpul
voltage at a pair of inverter output ierminals; a tapk-
inductor and a tank-capacitor being series-connecied
across the inverter output terminals, thereby to form a
series-luned LC circwat; the seres-tuned LC circuit
having a natural resonance at or near the fundamental
frequency of the imverler output voltage; a ballast
output voltage being present across Lhe tank-capacilor’s
terminals; and

a load circuit connected with the tank-capacitor’s termi-
nals; the load circuit being characterized by:

{a) including a gas discharge lamp sub-assembly effec-
tively parallel-connecied across the tank-capacitor;

(b) including a wansformer having a first winding
effectively parallel-connected across the tank-
capacitor and a second winding connected with a
voltage-clamping sub-circuit; and




Case: 1:03-cv-02962 Document #: 1 Filed: 05/02/03 Page 196 of 200 PagelD #:196

US 6,495,969 Bl

9

(<) being operative 1o absorb outpui power from the
tank-capacitor’s terminals; this oulpui power being
absarbed by (1) the gas discharge lamp sub-assembly
whenever it is in fact connected apd functional, or
(i) the vollage-clamping sub-circuit whenever the
gas discharge lamp sub-assembly is effectively non-
connected.

5. The arrangement of claim 4 wherein the load circuit is
further characterized in that the second winding is connected
with the PC terminals by way of a rectifier sub-assembly.

6. The arrangement of claim 4 wherein the load circuit is
further characterized in thal the voltage-clamping sub-
cirenit includes a rectifier sub-assembly connected with the
DC terminals.

7. The amrangement of claim 4 wherein the ransformer is
furiher characterized in that the first winding and the second
windirg have one terminal in common; the common lermi-
nal being connected with one of the DC terminpals.

8. The arrangement of claim 4 wherein the load circuit is
further characterized in that, whenever the gas discharge
lamp sub-assembly is effectively non-comnecied, ouput
power from the tank-capacitor’s terminals is, via the
voltage-clarnping sub-circuit, rectified and supplied to the
DC terminals.

9. The arrangement of claim 4 wherein the inverter circuil
is further characlerized in that: (i) the alternating inverler
outpul vollage has a waveshape approximating that of a
squarewave voltage; and (i)} whenever the gas discharge
larap sub-assembly is i fact connected and functionai, the
ballast ontput voltage has a waveshape approximating thai
of sinusoidal voliage.

10. An arrangement comprising:

a source operalive 1o provide a DC voltage across a pair

of DC terminals;

an tnverter circuit connected with the DC terminals and

operative to provide an alternating iverler output
vollage at a pair of inverter output terminals; a tapk-
inductor and a tank-capacitor being series-conpecled
across the inverter oulpult lerminals, thereby to form a
series-tuned LC circuit; the series-funed LC circun
having a natural resonance al or near the fundamental
frequency of the inverter output voltage; a bailast
output voltage being present across the tank-capacitor’s
terminals; and

a load circuit connected with the tank-capacitor’s termi-

nals; the load cmrcuit being characierized by:

(a) inchuding a gas discharge lamp sub-assembly effec-
tively parallel-connected across the tank-capacitor;

(b) including a transformer having a first winding
effectively parallel-connected across the tank-
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capacitor and 2 second winding connected with the
DC terminals by way of a rectifier sub-assembly;
{c) being operative 1o absorb cutput power from the
tank-capacitor’s terminals; this outpul power being
absorbed by (i) the gas discharge lamp sub-assembly
whenever it is in fact connecied and functional, or
(i) the DC terminals whenever the gas discharge
lamp sub-assembly s effeclively non-connected.
11. The arrangement of claim 10 wherein the transformer
is additionally characterized in that the first winding and the
second winding have one terminal in cornmon; which com-
mon terminal is connected with ene of the DC 1erminals.
12. The arrangement of ¢laim 10 wherein the transformer
is addilionally characterized in thal the first winding and the
second winding in combination are represented by a single
winding with a tap; the tap being connected with ore of ihe
DC terminals by way of the reclifier sub-assembly.
13. A combination comprising:

a source of AC power line voltage;

a rectifier circuit assembly connected with the AC power
line voltage and operative to provide a DC voltage
between a B- bus and a B+ bus; the instantancous
absolule magnitude of the DC voliage being: (i) sub-
slantially equal to that of the AC power line vollage
whenever the instantaneous absolute magnitude of the
AC power line voltage is higher then abont half iis peak
absolute magnitude; and (if) approximately constant
whenever the instantanecus absolute magnitude of the
AC power line vollage is lower than about half ils peak
absolute magnitude; the rectifier circnit being further
characterized by including a first and a second
capacitor, each having a pair of terminals; a substan-
tiafly constant DC voltage existing between each pair
of terminals; the absoluie magnitude of this counstant
DC voltage being no larger than half the peak absolute
magnitude of the AC power line voltage; one of the
terminals of the first capacitor being directly connected
with the B— bus; one of the terminals of the second
capacilor being directly connected with the B+ bus; and

an mverter cirewit assembly connected between Lhe B-
bus and the B+ bus; the inverter cricuil assembly being
operative lo provide an inverter output voltage at a set
of inverter oufpul terminals; connected with the
mverter output terminals is an LC circuit with a tank
capacitor and a tank inductor; the L.C circuit being
resonant at or near the fandamental frequency of the
inverler output voliage; a gas discharge lamp heing
comnected im circuil wilh the inverter output terminals.

& * * * *
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