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IN THE UNITED STATES DISTRICT COURT
FOR THE NORTHERN DISTRICT OF ILLINOIS
EASTERN DIVISION

OLE K. NILSSEN and GEO )
FOUNDATION, LTD., ) 1
) L0BC 29
Plaintiffs, ) Civil Action N&. v
RY TRIAL DEMANDED
" F L E ﬂ UOGE Aoy,
HARMONY LIGHTING, INC. 1 % 005 Gggf{inS\;%ﬁg ASFE,
Dipg Egp
Defendants. Ry oy ADS VE S0 ngGE
LEnmca-:.«uzl. w 0BBINS Own
RK, U.8. DigtRicT COURT
COMPLAINT

Plaintiffs, Ole K. Nilssen (“Nilssen”) and Geo Foundation, Ltd. (*Geo
Foundation™), by their undersigned attorneys, complain of Defendant Harmony Lighting, Inc.
(“Harmony™), and allege as follows:
A. Jurisdiction and Venue
1. Jurisdiction arises under 28 U.S.C. §§ 1331 and 1338(a).
2. Venue is proper in this Court pursuant to 28 U.S.C. §§ 1391 and 1400(b).
B. The Parties
3. Plaintiff Ole K. Nilssen maintains residences in Florida and Iliinots.
Nilssen maintains an office in Illinois and conducts all of his business in [llinois.
4. Plaintiff Geo Foundation is a not-for-profit corporation incorporated in the
Cayman Islands, British West Indies.
5. Defendant Harmony is a Massachusetts corporation with an office at 35

pond Park Road, Unit 4, Hingham, Massachusetts 02043. Harmony sells infringing self-



Case: 1:05-cv-02911 Document #: 1 Filed: 05/16/05 Page 2 of 112 PagelD #:2

ballasted compact fluorescent screw-in lamps (“SBCFL™) in this district through established
distribution channels.
C. The Patents in Suit

6. United States Patent No. 4,857,806 (“the ‘806 patent”), entitled “Self-
Ballasted Screw-In Fluorescent Lamp,” was duly and legally issued by the United States Patent
and Trademark Office on August 15, 1989. A copy of the ‘806 patent is attached as Exhibit 1.

7. United States Patent No. 5,233,270 (“the ‘270 patent”), entitled “Self-
Ballasted Screw-In Fluorescent Lamp,” was duly and legally issued by the United States Patent
and Trademark Office on August 3, 1993. A copy of the ‘270 patent is attached as Exhibit 2.

8. United States Patent No. 5,341,067 (“the “067 patent’), entitled
“Electronic Ballast With Trapeziodal Voltage Waveform,” was duly and legally issued by the
United States Patent and Trademark Office on August 23, 1994, A copy of the ‘067 patent is
attached as Exhibit 3.

9, United States Patent No. 5,343,123 (“the *123 patent™), entitled “Series-
Resonant Inverter Ballast,” was duly and legally issued by the United States Patent and
Trademark Office on August 30, 1994. A copy of the “123 patent is attached as Exhibit 4.

10.  United States Patent No. 5,510,680 (“the 680 patent”), entitled
“Electronic Ballast With Special Voltage Waveforms,” was duly and legally issued by the United
States Patent and Trademark Office on April 23, 1996. A copy of the ‘680 patent is attached as
Exhibit 5.

11. United States Patent No. 5,510,681 (“the ‘681 patent™), entitled

“QOperating Circuit For Gas Discharge Lamps,” was duly and legally issued by the United States
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Patent and Trademark Office on April 23, 1996. A copy of the ‘681 patent is attached as Exhibit
6.

12. United States Patent No. 6,172,464 B1 (“the ‘464 patent”), entitled
“Compact Screw-In Fluorescent Lamp,” was duly and legally issued by the United States Patent
and Trademark Office on January 9, 2001. A copy of the ‘464 patent is attached as Exhibit 7.

13. Plaintiff Nilssen is the inventor and owner of the ‘806 patent, the 270
patent, the ‘067 patent, the *123 patent, the ‘680 patent, the ‘681 patent, and the ‘464 patent
(collectively “the patents-in-suit™).

14.  Plaintiff Geo Foundation is an exclusive licensee of the patents-in-suit
with the exclusive right to license others.

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

D. Background

16.  Harmony has been, and is currently, in the business of selling infringing
products throughout the United States, including locations within the Northern District of Illinois
through established distribution channels.

17.  Hamrony’s acts of selling and offering for sale infringing products through
established distribution channels that terminate within the Northern District of Hlinois
demonstrates continual and systematic contacts by Harmony within the Northern District of
[llinois.

18. In addition, Harmony’s acts of selling and offering for sale infringing

products within the Northern District of Illinois establishes minimum contacts as such contacts
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were made for purposes of availing the Harmony of the privilege of doing business within the
Northern District of Illinois.

19. Harmony’s acts of selling and offering for sale infringing products within
the Northern District of Iilinois give rise to and are related to Plaintiffs’ cause of action for patent
infringement.

20. Exercising jurisdiction over Harmony in the Northern District of Illinois 1s
consistent with traditional notions of fair play and substantial justice.

Count I — Patent Infringement

21.  Plaintiffs re-allege paragraphs 1-20 as if fully incorporated herein.

22. Harmony’s offers for sale and sales of SBCFLs infringe one or more
claims of each patent-in-suit.

23 On information and belief, Harmony’s has had knowledge of one or more
of the patents-in-suit since sometime after their respective issuance dates and has knowingly and
without justification infringed upon these patents through its sales and offers for sale of
infringing SBCFLs.

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

25. Harmony has in the past and continues o offer for sale and sell, infringing
SBCFLs that embody the inventions claimed in the patents-in-suit and will continue to do so
unless enjoined by this Court.

26. On information and belief, Harmony has in the past willfully infringed,
and continues to willfully infringe, the patents-in-suit through its sale and offer for sale of

infringing SBCFLs.
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27. On information and belief, in the United States, purchasers of infringing
SBCFLs sold by Harmony have used in the past and continue to use the infringing products in
combination with other components, including power sources, thereby infringing the patents-in-
suit.

78 On information and belief, each infringing SBCFLs sold by Harmony was
designed to be used in connection with a power source.

29. On information and belief, Harmony knew of each of the patents-in-suit at
all relevant times before selling infringing SBCFLs to said purchasers.

30.  Harmony has in the past offered for sale and sold, and continues to offer
for sale and selling infringing SBCFLs that constitute a material component of the patents-in-suit
and which have no substantial use other than as an infringement of the patents-in-suit.

31. On information and belief, Harmony knew and intended that purchasers of
infringing SBCFLs would use the infringing products in combination with other components,
including power sources, so as to infringe the patents-in-suit.

12, On information and belief, Harmony has actively induced purchasers of
infringing SBCFLs to use the infringing products in combination with other components,

including power sources, so as to infringe each of the patents-in-suit.
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WHEREFORE, Plaintiffs pray that judgment be entered against Harmony:

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

{b) enjoining Harmony from selling the infringing SBCFLs that embody the
patented inventions;

(c) enjoining Harmony from contributorily infringing and inducing the
infringement of the patented inventions with respect to infringing products;

(d) increasing Plaintiffs’ actual damages under 35 U.S.C. §284;

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

H awarding such other relief as the Court deems proper.

Dated: May 16, 2005 Respectfully submitted,

A,

Raymond N. Nimr@

John E. Titus
Jonathan Hill
Stephen M. Geissler

JENNER & BLOCK LLP
330 North Wabash Avenue
Chicago, Illinois 60611
Telephone: 312-222-9350

Attorneys for Plaintiffs
Ole K. Nilssen and
Geo Foundation, Ltd.
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United States Patent [ iy Patent Number: 4,857,806
Nilssen 45} Date of Patent: Aug. 15, 1989
[$4] SELF-BALLASTED SCREW-IN R R L T P ———1 L
FLUORESCENT LAMP 4,158,136 6/1979
4,199,710 4/1980
[76] Inventor: Ole K. Nilssen, Cacsar Dr., Rte. 5, 4,207,497 6/1980
Barrington, i, §0010 4,277,403 12/1980
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[51] Int QL4 H01J /44  Primary Examiner—James J. Groody
(52} us.Q. 318/72; 315/56; Assistant Examiner—Mark R. Powell
315/58; 313/244; 313/DIG. 3 (37 ABSTRACT
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219, 220, 276, 278, 279, 72, 56-58; BI/ANIA o eonverting electronic ballast The combined |
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1

SELF-BALLASTED SCREW-IN FLUORESCENT
LAMP

BACKGROUND OF THE INVENTION
RELATED AFPPLICATION

The present application is a Continustion-in-Part of
Ser. No. 262,542 filed May 5, 198! now pat. no.
4,677,345; which is a division of Ser. No. 178, 107 filed
Aug. 14, 1980, now abandoned.

FIELD OF INVENTION

The present invention relates to compact light-
weight self-ballasted fluorescent lamps operable 1o be
screwed directly into and properly powered by an ordi-

Edison-type lamp socket connected with
120Volt/60Hz power line voltage.

SUMMARY OF THE INVENTION
OBJECT OF THE INVENTION

An object of the present invention is that of providing
a compact self-ballasted screw-in fluorescent lamp as-
sembly operable to be used in an ordinary Edison-type
lamp socket.

This as well a3 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
comprists a compact folded fluorescent lamp mounted
on 8 base-structure adapted to be screwed into and held
by an orindary Edison-type lamp socket. The base-
structure comprises frequency-converting power sup-
ply means operative to be powered fromm the
120Volt/60Hz power line voltage received from the
lamp socket and to provide an output t0 the fluorescent
lamp in the form of a relutively high-frequency substan-
tially sinusvidal current. The frequency-converting
power supply supply comprises rectifier means opers-
tive to convert the 120Volt/60Hz power line voltage
into a DC volage; which DC voltage, in turn, is fed to
a half-bride inverter operative to provide & high-fre-
quency substantially squarewave voltage across A ser-
ies-resonant combination of an inductor and a capaciter.
The fluorescent lamp, which is of the instant-start type,
is connected in parallel with the capacitor and is there-
fore —by way of so-called Q-muitiplication —provided
with adequate starting voltage and, after ignition, with
& substantially constant-magniticie carrent.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 schematically illustrates the compact screw-in
selfballasted fluorescent Jamp assembly.

FIG. 2 is a schematic diagram of the frequency-con-
verting power supply and ballasting circuit comprised
within the base of the fluorescent lamp assembly.

FIG. 3 illustrates the waveforms of various voltages
and current associsted with the power supply and bal-
lasting circuit of FIG. 1.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

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

Circuit 16 is connected by lends 17, 18 to a screw-
type plug 19 adapted for gcrew-in insertion into & stan-
dard Edisontype incandescent lamp socket at which
ordinary 120Volt/60Hz power linc voltage is availsble.

In FIG. 2, a power supply 23 is connected with the
120Volt/60Hz power line voltage and provides a cen-
ter-tapped DC output voltage for supplying a high-effi-
ciency half-bridge inverter circuit 24. The inverter cir-
cuit is operable to provide a high-frequency {(20-30
kHz) high-magnitude current-limited voltage to a Joad
26, which actuzally represents fluarescent lamp 11 of
FIG. 1.

Power supply 23 comprises bride rectifier 27 which
connects with 120Volt/60Hz power line terminals 28,
29 and provides foll-wave rectified power line voltage
16 two series-connected filter capacitors 34, 36; which
filter capacitars are: i) connected together st a center-
tap 37, and ii) connected between a positive B+bus 38
and a ncgative B- bus 39.

Inverter circuit 24 is a half-bride inverter comprising
transiston42,43connectedinuﬂubetweenthe
B-+bus and the B- bus. The collector of transistor 42 is
connectad to the B-+bus 38, the emitter of transistor 42
and the collector of transistor 43 are connected t0 &
midpoint line 44 (“M”), and the emitter of transistor 43
is connected to the B- bus 39,

Midpoint line 44 is comnected to center-tap 37
through a primary winding 46 of a toroidal saturable
core transformer 47, a primary winding 48 on an identi-
cal transformer 49, an inductor 51 and & series-con-
pected capacitor 52, Inductor 51 and capacitor 53 are
encrgized upon alternate transistor conduction in man-
ner to be described iater. Load 26 is connected in paral-
lel with capacitor 52.

Drive current to the base terminals of tramistors 2
and 43 is provided by secondsry windings 53, 54 of
transformers 49, 47, respectively, Winding 83 is also
connected to midpeint line 44 through a bias capacitor
SEwhﬂewindmgﬂisconnmedmtheB-bmw
through an identical bias capacitor §7. The base termi-
nals of transitors 42 and 43 are also connected 1o lines 38
end 44 through bias resistors 88 and 59, respectively.
Shunt diodes 66 and 67 are connected across the collec-
sor-emitter terminals of transistors 42 and 43, respec-
tively. Finally, a capacitor 68 is connected across the
collector-emitter terminals of transistor 43 to restrain
the rate of voltage rise across those terminals.

The operation of the circuit of FIG. 2 can best be
understood with additional reference to FI3. 3, which
illustrates significant portions of the waveforms of the
voltage of midpoint M (FIG. 3A), the base-emitter
voltage on transistor 42 (FIG. 3B), the current through
transistor 42 (FIG. 3C), and the capacitor C voitage and
the inductor 81 curreat (F1G. 3D).

Starting at a point where transistor 42 first starts to
conduct, current flows from the B4-bus 38 through
windings 46 and 48 and inductor 81 to charge capacitor
53 and returns to the B+ bus through capacitor 34
(refer to the time period designated 1 in F1G. 3). When
the saturable transformer 49 saturstes at the end of
period 1, drive current t0 the base of transistor 42 will
terminate, causing voltage on the base of the transistor
to drop to the negative voltage stored on bias capacitor
Sﬁinamnnertobedacn’bed.cansingthistrmsimno
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become non-conductive. As shown in FIG. 3¢, current-
flow in transistor 43 terminates at the end of period 1.

However, since the current flowing through inductor
81 cannot change instantancously, this current will now
continue to flow from the B- bus 39 through capacitor
68, eventually causing the voltage at midpoint line 40
drop to the voltage level on the B« bus (period II in
FIG. 3). Thus, capacitor 68 restrains the rate of voltage
change across the collector and emitter terminals of
transistor 42.

The current through inductor 51 reaches it maximum
value when the voltage at midpoint line 44 is zero.
During period II1, the cusrent will continue to flow
through inductor 51 but will be supplied from the B- bus
through shunt diode 67. It will be appreciated that dur-
ing the latter half of period II and all of period I,
positive current is being drawn from a negative voltage;
which, in reality, means that energy is being returned 1o
the power supply througha path of relatively low impe-
dance.

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 iis sccondary winding 54 to cause transistor 43 to
become conductive, thereby causeing a reversal in the
direction of current through inductor 51 and capacitor
£7. When transformer 47 saturates at the end of period
1V, the drive current to the base of transistor 43 termi-
nates and the current through inductor 51 will be sup-
plied through capacitor 68, causing the voltage at mid-
point“mﬁte(PeriodV).Whmthevolugeatthe
midpoint line M reaches the voltage on the B+-bus, the
cuorreat will then flow through shunt diode 66 (peviod
VI). The cycle is then repeated.

As seen in FIQ. 3, saturable iransformers 47, 49 pro-
vide transistor drive current only after the current
through inductor 51 has diminished to zexo. Further,
the the transistor drive current is terminated before the
current through inductor 51 has reached its maximum
smplitude. This coordination of base drive current and
inductor current is achieved because of the series-con-
nection between the inductor 51 and the primary wind-
ings 46, 48 of saturable transformers 47, 49, respec-
tively.

The series-connected combination of inductor 51 and
capacitor 52 is energized upon the alternate conduction
of transistors 42 and 43, With a large value of capaci-
tance of capacitor 52, very little voltage will be devel-
oped across its terminals. As the value of this capaci-
1ance is decreased, however, the voltage across the
capacitor will increae. As the value of capecitor 52 is
reduced to achieve resonance with inductor 51, the
voltage on the capacitor will rise and become infisite in
a loss-free circuit operating under ideal conditions.

It has been found desirable to regulate the transistor
inversion frequency, determined mainly by the sature-
tion time of saturable transformers 47, 49, to be equel to
or higher than the natural resonance frequency of the
inductor and capecitor combination in order to provide
a high voltage output to external load 26,

Due to so-called Q-multiplication, a high-magnitude
voltage develops ncross capacitor 52 as the transistor
inversion frequency epproaches the natural resonance
frequency of the series-combination of inducator 5tand
capscitor 52.

‘When invertor circuit 24 is used in the seif-baliasted
finorescent lamp of FIG. 1, it has been found that the
inversion frequency may be sbout equal to the natursal
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resonance frequency of the series L-C tank circuit con-
sisting of inductor 51 and capagitor 52. However, if the
capecitance value of capacitor 52 is reduced below the
point of resonance, unacceptably high transistor cur-
rents will result and transistor burn-out will occur.

The sizing of capacitor 52 is determined by the partic-
ular epplication of inverter circuit 24; but, as long as the
combined load presented to the output of inverter tran-
sistors 42, 43, has an effective inductance value suffi-
cient to provide adequate energy storage for self-sus-
tsined transistor inverter action, the current-feedback
provided by satursble transformers 47, 49 will effect
alternate transistor conduction without the need for
additional voltege-feedback.

Because the voltages across transistors 42, 43 are
relatively low (due to the absoluts voltage-clamping
effect of capacitors 34, 36), the half-bridge inverter 4is
very reliable. The absence of switching transients mini-
mizes the possibility of transistor burn-out.

Inverter circuit 24 comprises means for supplying
reverse bias to the conducting transistor upon saturation
of its associated saturable transformer. For this purpose,
capacitors 56 and 57 are charged to negative voltages as
a result of reset currents flowing into secondary wind-
ings 53, 34 from the bases of transistors 42, 43, respec-
tively. This reverse current rapidly turns off a conduct-
ing transistor to increase its switching speed and t0
achieve high invertor 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 of8to
14 Volt for transistors typically used in high-voltage
inverters.

Since load 56 comprises a fluorescent lamp, the maxi-
mum magnitude of the voltage across capacitor 52 will
be limited by the lamp’s ignition and operating charac-
teristics, thereby effectively preventing voltages acToss
inductor 51 and capacitor 52 from ever reaching de-
structive levels.

ADDITIONAL EXFLANATIONS AND
COMMENTS

(8) 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 weil-known reasons {i.e.,
eliminating sudible noise, minimizing physical size, and
maximizing efliciency), the frequency actually chosen
for the lemp unit of FIG. 1 was in the range of 20 to 30
kHz,

(b) The flucrescent lighting unit of FIG. 1 could be
made in such manner as to permit fleorescent lamp 11 to
be disconnectable from its base 12 and ballasting means
16. However, if powered with normal line voltage with-
out its lamp load connected, frequency-converting
power supply and ballasting circuit 16 is apt to self-
destruct.

To avoid such seif-destruction, arrangements c&n
readily be made whereby the very act of removing the
load automatically establishes a situation that prevents
the possible destruction of the power supply and ballast-
ing means. For instance, with the tank capacitor {32)
being permanently connected with the lamp load (11)
—thereby automatically being removed whenever the
}amp is removed —the inverter circuit is protected from
self-destruction.

(¢) At frequencies sbove & few kHz, the load repre-
sented by 2 fluorescent lamp —once it is ignited —is
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. substantially resistive, Thus, with the voltage ecross
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.

6

means having: (i) & screw base operative 10 be
screwed into and held by an ordinary Edison-type
lamp socket, the lamp socket having socket elec-
trodes, and (ii) electrode means connected with the

(d) In the fluorescent lamp unit of FIG. 1, fluorescent 3 input terminals and operative, after the base means
lemp 11 is connected with power supply snd ballasting having been screwed into the Edison-type lamp
circuit 16 in the exact same menner as is load 26 con- socket, to make contact with the socket electrodes.
nected with the circuit of FIG. 2, That is, it is connected 3. An arrangement compnﬂn‘:
in paralle} with the tank capacifor (5_2) 91' the L-C series- gas discharge lamp means having lamp terminals;
resonant circuit, As is conventional in instant-atart fluc- 10 rectifier means having AC input terminais and DC
rescent lamps —such as lamp 11 of F1G. 1 —the two output terminals, a DC voltage being supplied at
terminals from each cathode arc shorted together, the DC output terminals in response to the provi-
thereby to constitute a situation where each cathode sion at the AC input terminals of either an AC
effectively is represented by only & single ‘terminl.L voltage or a DC voltage of magnitude about equal
However, it is not necessary that the two terminala from 15 to that of the power line voltage normally present
_cach cathode be uhqnzd togethes; ‘in which case —for on an ordinary electric utility power line;
instant-start operation --conpection from a lamp's inverter means connected with the DC output termi-
power supply and ballasting means need only be made nals and operative to provide a high-frequency
with one of the terminals of each cathode. output voltage at a set of high-frequency output

(d) I is thought that the present invention and many 20 terminals, the frequency of the high-frequency

of its attendant advantages will be understood from output voltage being substantially higher than that
the foregoing description and that many changes of the power line voltage present on an ordinary
may be made in the form and cpnsu-uqﬂon of its clectric utility power line;

components parts, the form described being metely [ ¢ tank circuit means connected with the high-fre-
a preferred embodiment of the invention. 25 quency output terminals and ope rative to reso-

'icA].:i:n arrm: gernent comprising: nantly interact with the high-frequency output

g;’ discharge lamp havi‘ns Jamp termolnals; voltage provided thereat, the L-C tank circuit hav-

f 4 and ballasti ing a tank inductor and & tank capacitor, the gas

requency-converting power supply bullasting discharge lamp means being effectively connected
e ot 1ermimal bein v with the | in parallel with the tauk capacitor; and
ou ing: (i) conneccted Wi , H .
lamp terminals, and (ii) operative, whenever either bmhar:leamh:‘perauve mthl:dd fqg:trher the ‘;ed”'
an AC voltage or & DC voltage of magnitude about :’enf: rneupu “:;"‘}"' b Lr-::mtlank m -
equililc;omth&t Of n.nt ct)erdlqlaryn']lpo wer lmde voltage_ * 18 thereby to form an integral lamp unit having nc;
wp c Lnput termina’s, t9 pEOvICe operaling detachable parts, the base means having: (i) a screw
voltage to the lamp terminals, the frequency of the ba d " be ed into and & be held b
operating voltage being different from that of the m’;‘:g,e"‘ VeE;?isonmty: amp socket, the m;
ordinary line voltage; and mary A
basc mmpo?c;:ﬂva t:oﬁgis:ly and non-detachably socket hav@ng socket electrodes at which is some-
hold together the lamp means and the frequency- 40 timesdgrovxd‘;d the pouvl:te; line voll-tagc urer?_l):net&n
ertin ly and ballasting means #n ordinary electric u power line, i -
ctl?:r:by tg mﬁ anu;ﬁfezrﬂmhm; umt-l:sthe base trode means connected with the AC input termi-
means having: (i) & screw base operative 10 be nals and oper.ntive, aﬂer_ the base means having
screwed into and held by an ordinary Edison-type be:;‘ screwed ‘“}fh‘:‘:cgd“::t‘tl{w lamp ’°°k°" to
lamp socket, the lamp socket having socket clec- 45 make contact Wi socket electrodes;
trodes, and (i) clectrode means connected with the whereby the lamp unit can be screwed into and be
iyt s peaive, s e b ol 285000 P e e
ving been screwed in - b I ] b
socket, 10 make contact with the socket electrodes. line voltage sometimes provided at the socket elec-
2. An arrangement comprising: 50 trodes thereof.

4. The arrangement of claim 3 wherein: {i) the L-C
tank circuit comprises s series-combination of an induc-
tor and a capacitor, and (ii) this series<combination is
series-resonant at or near the frequency of the high-fre-
quency output voltage.

5. An arrangement comprising:

power supply means having input terminals and out-

put terminais, an AC output voltage being pro-

gas discharge lamp means having lamp terminals,
which, for optimally effective lamp operation,
must be supplied with an operating voltage of fre-
quency different from that of the power line voit-
age normally present on en ordinary electric utility 55
power line;

frequency-converting power supply and ballasting
means having input terminals and outpat terminals,

the output terminals being connected with the lamp

vided st the output terminals whenever the input

terminals and being operative, whenever either an 60 terminals are provided with either an AC or DC

. AC volage or a DC voltage of magaitude about voltage of magnitude about equal to the power line

equal to that of ordinary power line voltage is voltage normally present at an ordinary electric
applied to the input terminals, to provide the oper- utility power line;

sting voltage thereto; and # series-combination of an inductor and a capacitor

base means operative to ridigly and non-detachably 63 connected across the output terminals and consti-

hold together the lamp means and the frequency-
converting power supply and ballasting means,
thereby to form an integral lamp unit, the base

tuted such as to exhibit series-resonant action at or
near the fundamental frequency of the AC output
voltage;
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gas discharge lamp means having a set of lamp termi-
nals connected in parallel circuit with the capaci-
tor, thereby to constitute a load as well as an over-
load protection means for the series-resonant ser-
jes-combination; and
base means operative to non-detachably hold to-
gether the power supply means, the series-combi-
nation, and the gas discharge lamp means, thereby
to form an integral lamp unit, the base means hav-
ing: (i) a screw base operative o be screwed into
and to be held by an ordinary Edison-type lamp
socket, the lamp socket having socket electrodes at
which is sometimes provided the power line volt-
age from an ordinary electric utility power line,
and (i) electrode means connected with the input
terminals and operative, after the base means hav-
ing been screwed into the Edison-type lamp socket,
10 make contact with the socket electrodes;

such that the lamp usit can be screwed into and be
held by an ordinary Edison-type lamp socket,
thereby to be properly powered from the power
line voltage sometimes provided at the socket elec-
trodes thereof.

6. The arrangement of claim § wherein the power
supply means comprises:

rectifier means connected with the input terminals

and operative, whenever the power line voltage is
supplied thereto, to provide a DC voltage at &
center-tapped DC output;

half-bride inverter means connected between the

centertapped DC output and the output terminals,
the half-bridge inverter means being operative to
convert the DC voltage to the AC output voltage.

7. The arrangement of claim § wherein the AC output
voltage is characterized as having a fundamental fre-
quency that is different from that of the power line
voltage.

8. The arrangement of claim 1 wherein the frequen-
cy-converting power supply and ballasting means com-
prises: {i) recitifer means connected with the input ter-
minals and operative to provide a DC voltage at a set of
DC terminals, and (ii) inverter means connected with
the DC terminals and operative to provide to the output
terminals a current of substantially sinusoidal wave-
shape.

9. The arrangement of claim 1 wherein the frequen-
cy-converting power supply and ballasting means com-
prises: (i) rectifier means connected with the input ter-
minals and operative to provide a DC voltage at a set of
DC terminals, and (i) inverter means connected with
the DC terminals and operative to provide to the output
terminals a voltage of substantially sinusoidal wave-

10. The arrengeruent of claim J wherein the frequen-
cy-converting power supply and ballasting means com-
prises: (i) rectifier means connected with the input ter-
minals end operative to provide a DC voltage at a set of
DC terminals, and (i} inverter means connected with
the DC terminals and operative to provide to the output

terminals a voltage suitable for sterting and operating 60

the gas discharge lamp, the inverter means having a pair
of transistors series-connected across the DC terminals.

11. The arrangement of claim 1 wherein the frequen-
cy-converting power supply and ballasting means com-
prises: (i) rectifier means connected with the input ter-
minals and operative to provide a DC voltage at a set of
DC terminals, and (ii) inverter means connected with
the DC terminals and operative to provide to the output

45

65
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terminals & voltage suitable for starting and operating
the gas discharge lamp, the inverter means having tran-
sistor means operative to oscillate by way of positive
feedback sdministered by way of saturable inductor
means.

12. The arrangement of claim § wherein an AC load
voltage is present across the capacitor, which AC load
voltage is of substantially sinusoidal waveshape.

13, The arrengement of claim $ wherein the AC out-
put voltage may reasonably be characterized as being a
squarewave voltage.

14. The arrangement of claim 6 wherein the haif-
bridge inverter means is made to oscillate by way of
positive feedback administered by way of a saturable
inductor means.

15. A screw-in lamp unit comprising:

gas discharge lamp means having lamp terminals;

frequency-converting ballasting means having input

terminals and output terminals; the ocutput termi-
nals being: (i) connected with the lamp terminals;
and (ii) operative, whenever an AC voltage or,
alternatively, 8 DC voltage of magnitude about
equal to that of the power line voltage normally
present st an ordinary electric utiity power line is
applied to the input terminals, to provide operating
voltage to the lamp terminals; the frequency of the
operating voltage being different from that of the
power line voltage; the waveshape of the operating
voltage being substantially sinusoidal; and

sorew base means operative to hold together the lamp

means and the frequency-converting baliasting
means, thereby to form the screw-in lamp unit; the
screw base means having: (i) a screw base operative
1o be screwed into and held by an ordinary Edison-
type lamp socket, the lamp socket having socket
clectrodes; and (i} clectrode means connected with
the input terminals and operative, after the screw
base means having been screwed into the Edison-
type lamp socket, to make contact with the socket
electrodes;

whereby the screw-in lamp unit is operative to0 be

properly powered from: (i) the power line voltage
present on an ordinary electric utility power line;
end (ii) alternatively, from a DC voltage of magni-
tude about equal to that of this power line voltage.

16. The screw-in lamp unit of claim 15 wherem:

the frequency of the operating voltage is substantially

higher than that of the power line voltage; and

the frequency-converting power supply includes: (i)

inverter means ¢ in circuit with the input
terminals and operative to provide a high-fre-
quency inverter voltage at a set of inverter termi-
nals; and (ji) tuned L-C circuit resonant at or near
the fundamental frequency of the high-frequency
inverter voltage, the tuned L-C circuit being con-
nected between the inverter terminals and the out-
put terminals.

17. A combination comprising:

gns discharge lamp means having lamp terminals;

rectifier means having power input terminals and DC
output terminals; an output DC voltage being sup-
plied at the DC output terminals in response to the
provision at the power input terminals of an input
AC voltage or, siternatively, an input DC voltage
of magnitude about equal to that of the power line
voltage normally present on an ordinary electric
utility power line;
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inverter means connected with the DC output termi-
nals and operntive to provide a high-frequency
output current from a set of high-frequency output
terminals; the inverter means including a transistor
operative to conduct current in response 10 & cOn- 3
tral voltage provided at a control input; the fre-
quency of the high-frequency output current being
substantislly higher than that of the power line
voltage present on an ordinary electric utility
power line; and 10

L-C circuit means connected in circuit between the
high-frequency output terminals and the lamp ter-
minals; the L-c circuit means being operative to
cause @ sinusoidal high-frequency voltage to be
present across the lamp terminals; the high-fre- 19
quency voliage having a cycle period;

the combination being so arranged ss to cause the

transistor to conduct current for a brief span of
time once during each cycle period of the high-fre-
quency voltage; the duration of the brief span of 20
time being about equal to or shorter than onc quar-
ter of the cycle period.

18, The combination of claim 17 wherein: (i) the L-C
circuit means includes a tank-capacitor and a tank-
inductor cffectively series-connected across the high- 23
frequency output terminals; (ji) the tank-inductor and
tank-capacitor being operative to resonantly interact at
the frequency of the highfrequency outpul current; and
(iti) the lamp terminals Bre effectively conmected in
parallel with the tank-capacitor. 3%

19. The combination of claim 17 arranged to be inte-
grated with a screw-in lamp base having base terminals,
thereby to form a screw-in lamp unit; the base terminals
being connected with the power input terminals,

20. A combination comprising: 35

gas discharge Iamp means having lamp terminals;

rectifier means having power input terminals and DC

cutput terminals; an output DC voltage being sup-

plied at the DC output terminals in response to the
40

4

15

10
provision at the power input terminals of an input
AC voltage or, alternatively, en input DC voltage
of magnitude about equal to that of the power line
voltage normally present on an ordinary electric
utility power line;

inverter means connected with the DC output termi-

nals and operstive to provide a high-frequency
output current from a set of high-frequency output
terminals; the inverter means including e transistor
operative to conduct current in response to a coO-
trol voltage provided at a control input; the fre-
quency of the high-frequency output current being
substantially higher than that of the power line
voliage present on an ordinary electric utility
power line; and

1.-C means connected in circuit between the high-fre-

quency output terminals and the lamp terminals;
the L-C means having a tank-inductor end a tank-
capacitor; the L-C means being operative to cause
a first substantially sinusoidal high-frequency volt-
age to be present across the tank-capacitor; the
lamp terminals being effectively connected in par-
allel with the tank-capecitor, therchy to cause 2
second substantially sinusoidal high-frequency
voltage to be provided across the lamp terminals;
the first and the second high-frequency voltage
being approximately of the same frequency, phase
and period;

the combination being so arranged as to cauie the

transistor to conduct current for a brief span of
time once during sach period; the duration of the
brief span of time being shorter than half that of the

21, The combination of claim 20 wherein the tank-
inductor and the tank-capacitor are: {i) effectively ser-
jes-connected across the high-frequency output termi-
nals; and (ji) operative to resonantly interact at the fre-
quency of the high-frequency cutput current.

L] . » * %
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control of the inverter output as & means of adjusting
SELF-BALLASTED SCREW-IN FLUORESCENT the level of lamp illumination.
LAMP

BACKGROUND OF THE INVENTION

1. Related Applications

The present application is a continuation of Ser. No.
07/607,271 filed Oct. 31, 1990 now abandoned which is
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 was s continuation of Ser. No. 06/555,426 filed
Nov. 23, 1983, now abandoned; which was a continue-
tion of Ser. No. 06/178,107 filed Aug. 14, 1980, now
abandoned.

2. Field of Invention

This invention relates to seif-ballasted screw-in gas
discharge lamps as well as to power supplics particu-
larly useful for ballasting gas discharge lamps.

3. Description of Prior Art

For » description of pertinent prior an, reference is
made to U.S. Pat. No. 4,677,345 to Nilssen; which pa-
tent issued from a Division of application Serial No.
06/178,107 filed Aug. 14, 1980; which spplication is the
original progenitor of instant spplication.

Otherwise, reference is made to the following U.S.
Patents: U.S. Pat. No. 3,263,122 to Genuit; U.S. Pat,
No. 3,320,510 to Locklair; U.S. Pat. No. 3,996,493 to
Davenport et el; U.S. Pat. No, 4,100,476 to Ghiring-
helli; U.S. Pat. No. 4,262,327 to Kovacik et al.; U.S. Pat.
No. 4,370,600 10 Zansky; U.S. Pat. No. 4,634,932 1o
Nilssen; and U.S. Pat. No. 4,857,806 to Nilssen.

SUMMARY OF THE INVENTION
Objects of the Invention

An object of the present invention is that of providing
2 self-ballasted screw-in gas discharge lamp.

Another object is that of providing a compact folded
fluorescent lamp.

Yet another object is that of providing means for
adjusting the light output of gas discharge lamps.

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

BRIEF DESCRIPTION

The present invention is directed to providing im-
proved gas discharge lighting means and inverter cir-
cuits for powering and controlling gas discharge lamps.
“The inverter circuits sccording to the present invention
arc highly efficient, can be compactly constructed and
are ideally svited for energizing gas discharge lamps,
particularly compact folded “instant-start™ “gelf-bal-
lasted™ fluorescent lamps.

According 1o one feature of the present invention, a
series-connected combination of an inductor and & ca-
pacitor is provided in circuit with the inverter transis-
tors to be energized upon periodic transistor conduc-
tion. Transistor drive current is preferably provided
through the use of st Jeast onc saturable inductor to
control the transistor inversion frequency to be equal to
or greater than the nature resonent frequency of the
inductor and capacitor combination. The high voltages
efficiently developed by loading the inverter with the
inductor and capacitor arc ideally suited for energizing
externa] loads such as gas discharge lamps. In such an
application, the wse of an adjustable inductor permits

5
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According to another feature of the present inves-
tion, relisble and highly efficient half-bridge inveriers
include a saturable inductor in a current feedback cir-
cuit 1o drive the transistors for alternate conduction.
The inverters also include a Joad having an inductance
sufficient 1o effect periodic encrgy storage for self-sus-
teined transistor inversion. Importantly, improved reli-
ability is achieved because of the relatively low and
transient-free voltages across the transistors in these
half-bridge inverters.

Further, according to anather feature of the present
invention, novel and economical power supplies partic-
larty useful with the disclosed inverter circuits convert
conventional AC input voltages to DC for supplying to
the inverters.

Yet further, according to still another feature of the
invention, a rapid-start fluorescent Jamp is powered by
way of a series-resonant LC circui; while heating
power for the lamp's cathodes is provided via loosely-
coupled suxiliary windings on the tank inductor of the
LC circuit. Alternatively, cathode hesting power i
provided from tightly-coupled windings on the tank
inductor; in which case output current-limiting is pro-
vided via a non-linear resistance mesns, such as an in-
candescent filament in 2 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 essen-
tial features of a push-pull inverter circuit particularly
suitable for energizing the lamp unit of FIG. 1;

FIGE, 3A-3D is & set of waveform diagrams of cer-
tain significant voltages and currents occurring in the
circuit of FIG. 2;

FIG. 4 is a schematic diagram of a DC power supply
connectable to both 120 and 240 voit AC inputs;

FIG. 5 is a schematic diagram which illustrates the
connection of a non-self-ballasted gas discharge lamp
unit to the FIG. 2 inverter circait;

FIG. 6 is a schematic diagram which illustrates the
use of & toroid heater for regulation of the inverter
output;

FIG, 7 is an alternate form of push-pull inverter cit-
cuit sccording to the present invention;

FIG. 8 is » schematic disgram showing the connec-
tion of a gas discharge lamp of the “rapid-start™ type to
#n inductor-capacitor-loaded inverter according to the
present invention

PESCRIPTION OF THE PREFERRED
EMBODIMENTS

FIG. 1 illustrates a screw-in gas discharge lamp wnit
10 comprising a folded fluorescent lamp 11 suitably
secured to sn 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 ballasting circuit 16; which, because
of its compact size, convenieatly fits within the base 12.

The inverier circuit 16 is connected by leads 17, 18 to
2 screw-type plug 19 adapted for screw-in insertion into
& standard Edison-type incandescent lamp socket at
which ordinary 120 Voit/60 Hz power line voltage is
available. A ground plane comprising # wire or metallic
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strip 21 is disposed adjacent 2 portion of the fluorescent
lemp 11 as a starting aid. Finelly, mannally rotatable
external knob 22 is connected to a shaft for mechanical

sdjustment of the sir gap of a ferrite core inductor to,

vary the inductance value thereof in order to effect
adjustment of the inverter voltage output connecied to
electrodes 13, 14 for controlled variation of the lamp
ilumination intensity. ‘

With reference to FIG, 2, a power supply 23, con-
nected 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 Joad 26, which may comprisc & gas dis-
charge device such as the fluorescent lamp 11 of FIG. 1.

The power supply 23 comprises bridge rectifier hav-
ing four diodes 27, 28, 29 and 31 conneciable 0 a 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 2 B+line 38 and a
B— line 39, respectively. The power supply 13 also
comprises & voltage doubler and reclifier optionally
connectable to a 120 volt AC input taken between the
ground line 37 and terminal 33 Or 32. The voltage dou-
bier and rectifier means provides a direct clectrical
connection by way of line 37 between one of the 120
volt AC power input lines end the inverier 24, as shown
in F1G. 2. The bridge rectifier end the voltage doubler
and rectifier provide substantially the same DC output
voltage 10 the inverier 24 whether the AC input is 120
or 240 volts. Typical voltages are -+ 160 volis on the
B+ line 38 and — 160 volts on the B— line 39.

With additional reference 10 FIG. 4, which shows an
alternate power supply 2%', the AC input, whether 120
or 240 volts, is provided at terminals 32° and 39'. Termi-
nal 39" is in turn connected through a single-pole dou-
ble-throw selector switch 41 10 terminal 37 (for 120
volt operation) or terminal 33' (for 240 volt operation).
In all other respects, power supplies 23 and 2¥ mre
identical.

The invertes circuit 24 of FIG. 2 is & half-bridge
inverter comprising transistors 42, 43 connected in se-
ries 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 O the B+ line 38,
the emitter of transistor 42 and the collector of transis-
tor 43 are connected 10 & midpoint line 44 (designated
“M") and the emitter of transistor 43 is connected 1o the
B—line 39. The midpoint line 44 is in turn connected 10
the ground line 37 through primary winding 46 of a
1oroidal saturable core transformer 47, primary wind-
ing 48 on an identical transformer 49, an inductor 51 and
a series-connected capacitor 52. The inductor 51 and
capacitor 82 are energized upon alternate transistor
conduction in a manner to be described later.

An external load 26 is preferably taken off capacitor
52, a5 shown in FIG. 2. The inductor 51, preferably a
known ferrite core inductor, has an inductance variable
by mechanical adjustment of the air gap in order to
effect variation in the Jevel of the inductor and capaci-
tor voltage end hence the power available to the load,
as will be described. When the load is & gas discharge
lamp such as lamp 11 in FIG. 1, variation io this indue-
tance upon rotation of knob 22 sccomplishes & 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
connected to midpoint lead 44 through a bias capaciter

.
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56, while winding 54 is connected 1o the B— lead 39
through en identical bias capacitor 57. The base termi-
pals of transistors 42 and 43 are also connected to lines
38 and 44 throngh bias resistors 88 and 59, respectively.
For a purpose to be described later, the base of transis-
tor 42 cen be optionally connected to 3 diode 61 and »
series Zener diode 64 in turn coanected to the midpoint
line #4: similarly, a diode 63 and series Zener diode 64 in
turn connected to the B— line 39 can be connected to
the base of transistor 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 #3 to restrain the rate of voltage rise across
those terminals, as will be scen presently.

The operation of the circuit of FIG. 2 can best be
understood with additional reference to FIG. 3, which
illustrates significant portions of the waveforms of the
voltage at midpoint M {FIG. 3A), the base-cmitter volt-
age on transistor 42 (F1G. 3B), the current through
transistor 42 (FIG. 3C), and the capacitor 52 voluge
and the inductor 51 current (FIG. D).

Assuming that transistor 42 s first to be triggered into
conduction, current flows from the B+ linc 38 through
windings 46 and 38 and the inductor 51 to charge capac:
jtor 52 and returns through capacitor 34 (refer 1o the
time period designated I in FIG. 3). When the ssturable
inductor 49 saturates a1 the end of period 1, drive cur-
rent to the base of transistor 42 will terminate, causing
voltage on the base of the transistor 1o drop to the nega-
tive voltage stored on the bias capacitor 56 in a manner
10 be described, causing this transistor to become non-
conductive. A shown in FIG. 3¢, current-flow in tran-
sistor 43 terminates at the end of period L

Because the current through inductor 51 cemnot
change instantanecusty, current will flow from the B—
bus 39 through capacitor 68, causing the voltage at
midpoint line 44 to drop to —.160 volts (period 11 in
FIG. 3). The capacitor 68 restrains the rate of voltage
change mcross the collector and emitter terminals of
transistor 42. The current through the inductor 51
reaches its maximum value when the voltage at the
midpoint line 44 is zero. During 111, the current
will continue to flow through inductor §1 but will be
supplied from the B-bus through the shunt diode 67. It
will be ppprecinted that during the latter half of period
H and all of period 111, positive current is being drawn
from s negative voltage; which, in reality, means that
energy is being returned to the power supply through &
path of relatively low impedance.

‘When the inductor current reaches zero at the start of
period 1V, the current through the primary winding 46
of the saturable inductor 47 will cause a current to flow
out of its secondary winding 34 to cause transistor 43 1o
become conductive, thereby causing & reversal in the
direction of current through inductor 51 and capacitor
%3 When transformer 47 saturates at the end of period
1V, the drive current to the base of transistor 43 termi-
nates and the current through inductor 51 will be sup-
plied through capacitor €8, causing the voltage st mid-
point line 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 pro-
vide transistor drive curfent only after the current
through inductor 51 has diminished to zero. Further,
the transistor drive current is terminated before the
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current through inductor 51 has reached its maximum
smplitude. This coordination of base drive current and
inductor current is achieved because of the scries-con-
nection between the inductor 81 and the primary wind-
ings 46, 48 of saturable transformers 47, 49, respec-
tively.

The series-connected combination of the inductor 51
and the capacitor 52 is cnergized upon the slternate
conduction of transistors 42 and 43. With a large value
of capacitance of capacitor 52, very tittle 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 capaci-
tor 53 is reduced to achieve resonance with the inductor
51, the voltage on the capacitor wili rise and become
infinite in a loss-free circuit operating under ideal condi-
tions. .

It has been found desirable 1o regulate the transistor
inversion frequency, determined mainly by the satura-
tion time of the saturable inductors 47, 49, to be equal to
or higher than the natural resonance frequency of the
inductor and capacitor combination in order to provide
a high voltage output to external load 26. A high voli-
age across cepacitor 52 is efficiently developed as the
iransistor inversion frequency approaches the natural
resonant frequency of the inductor 51 and capacitor 52
combination. Stated another way, the conduction per-
iod of each transistor is desirably shorter in duration
than one quarter of the full period corresponding to the
natural resonant frequency of the inductor and capaci-
tor 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 1o the
natural resonant frequency of the tank circuit. If the
capacitance value of capacitor 52 is reduced still further
beyond the resonance point, unacceptably high transis-
tor currents will be eaperienced during Lransistor
switching and transistor burn-cut will occur.

1t will be apprecisted that the sizing of capacitor 52is
determined by the application of the inverter circuit 24.
Variation in the values of the capacitor 52 and the in-
ductor 51 will determine the voltages developed in the
inductor-capacitor tank circuit. The external load 26
may be connected in circuit with the tnductor 51 (by &
winding on the inductor, 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 effec-
tive inductance of value sufficient to effect periodic
energy storage for self-sustained transistor inversion,
the current feedback provided by the saturable induc-
tors 4749 wilt effect altermatc transistor conduction
without the need for sdditional voltage feedback. ‘When
the capacitor 52 is omitted, the power supply 23 pro-
vides s direct electrical connection between one of the
AC power input lines and the inverter load circuit.

Because the voltages across transistors 42, 43 are
relatively low (due to the effect of capacitors 34, 36),
the half-bridge inverter 24 is very reliable. The absence
of switching transients minimizes the possibility of tran-
sistor burn-out.

The inverter circuit 24 comprises means for supply-
ing reverse bias 10 the conducting transistor upon satu-
ration of its associated sstursble inductor. For this pur-
pose, the capacitors 56 and 57 are charged to negative
voltages as 2 result of reset curzent flowing into second-
ary windings 53, 54 from the bases of transistors 42, 43,
respectively. This reverse current rapidly turns off 2
conducting transistor to increase its switching speed
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and to schieve inverter circuit efficiency in a manner
described more fully in my co-pending U.S. patent ap-
plication Ser. No. 103,624 filed Dec. 14, 1979 and enti-
fled “Bias Control for High Efficiency Inverter Cir-
cuit” {(now U.S. Pat. No. 4,307,353). The more negative
the voltage on the bias capacitors 56 and $7, the more
rapidly charges are swept out of the bases of their asso-
ciated transistors upon transistor turn-off.

When a transistor base-emitter junction is reversely
biased, it exhibits the characteristics of 8 Zener diode
having & reverse breakdown voliage on the order of 8 to
14 Volt for transistors typically used in high-voltage
inverters. As an alternative, to provide a negative volt-
age smaller in magnitude on the base lead of typical
iransistor 42 during reset operation, the optional diode
61 and Zener diode 62 combination can be used. For
large velues of the bias capacitor 36, the base voltage
will be substantially constant. .

If the load 26 comprises a gas discharge lamp, the
voltage scross the capacitor 52 will be reduced once the
1amp is ignited to prevent voltages on the inductor 51
and the capacitor 52 from reaching destructive levels.
Such a lamp provides an initial time delay during which
a high voltage, suitable for instant starting, is available.

FIG. § illustrates the ue of an alternate load 26'
adapied for plug-in connection to aa inverter circuit
such as shown in FIO, 2. The load 26 consists of a gas
discharge Jamp 71 having electrodes 72, 73 and con-
nected in series with a capacitor 74. The combination of
lamp 71 and capacitar 74 is connected in parallel witha
capacitor 52 which serves the same purpose as capaci-
tor 52 in the FIG. 2 circuit. However, when the load w
is unplugged from the circuit, the inverter stops oscillat-
ing and the development of high voltages in the inverter
is prevented. The fact that no high voltages are gener-
ated by the circuit if the lJamp is disconnected while the
circuit is oscillating is important for safety reasons.

FIG. 6 illustrates a capacitor 52" connected in series
with an inductor 51 through » heater 81 suitable for
heating the toroidal inductors 47, 49 in accordance with
the level of ovtput. The load 26" is connected across the
series combination of the capacitor 52" and the toroid
heater. The heater 81 is prefetably designed to control-
Jably heat the toroidal saturable inductors in order to
decrease their saturation flux limit and hence their satv-
ration time. The result is to decrease the periodic tran-
sistor conduction time and thereby increase the transis-
tor inversion frequency. When a frequency-dependent
impedance means, that is, an inductor or a capacitor, is
connected in circuit with the AC valtage output of the
inverter, chinge in the transistor inversion frequency
will modify the impedance of the frequency-dependent
impedance means and correspondingly modify the in-
verter output. Thus as the level of the cutput increases,
the toroid hester 81 is correspondingly energized to
effect feedback regulation of the output. Further, tran-
sistors 42, 43 of the type used in high voltage inverters
dissipate heat during periodic transistor conduction. As
an shternstive, the toroid heater 81 can use this hest for
feedback regulation of the output or control of the
temperature of transistors 42, 43.

The frequency dependent impedance means may also
be nsed in a circuit to energize a gas discharge lamp at
adjustable illumination levels. Adjustment in the inver-
sion frequency of transistors 42, 43 results in control of
the magnitude of the AC current supplied 10 the lamp.
This is preferably accomplished where satursble induc-
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tors 47, 49 have adjustable flux densities for comrol of
their saturation time,

FIG. 1 schematically illustrates an alternete form of
inverter circuil, shown without the AC to DC power
supply connections for simplification. In this Figure, the
trensistors are connected in paralle] rather then in series
but the operation is essentially the same a8 previousty
described.

In particular, this circuit comprises B pair of alter-
nately conducting transistors 91, 92, The cmitter termi-
nals of the transistors are connected to & B— line 93 A

B+ lead 94 is connected 10 the center-tap of a trans-

former 96. In order to provide drive current to the
transistors 91, 92 for control of their conduction fre-
quency, saturable inductors 97, 98 have secondary
windings 99, 101, respectively, each secondary winding
having one end connected to the base of its associated
transistor; the other ends are connected to a common
termina) 102. One end of transformer 96 is connected 10
the collector of transistor 91 through 2 winding 103 on
inducter 98 in turn connected in series with & winding
104 on inductor 97, Likewise, the other end of trans-
former §6 is connected to the collector 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 a bies resistor 108, A bias capachor 109 con-
nects terminal 102 to 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 transistors 91, 92 are connected by di-
odes 111, 112, respectively, to & common Zener diode
113 in turn connected to the B— lead 93. The common
Zener diode 113 serves the same function as individual
Zener diodes 62, 64 in FIG. 2.

Shunt djodes 114, 116 are connected across the col-
lector-emitter terminals of transistors 91, 92, respec-
tively. A capacitor 117 connecting the coliectors of
transistors 91, 92 restrains the rate of voltage rise on the
collectors in & manner similar to the collector-emitter
capacitor 68 in F1G. 2.

Inductive-capacitive loading of the FIG. 7 inverter is
accomplished by  capacitor 118 connected in series
with with an inductor 119, the combination being con-
nected 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 s serics
capacitor 122 and inductor 123 can be used to energize
& “rapid-start” fluorescent lamp 124 (the detafls of the
inverter circuit being omitted for simplication). The
lamp 124 has a pair of cathodes 126, 127 connected
across the capacitor 122 for supply of operating voltage
i a manner identical to that previously described. In
sddition, the inductor 123 comprises & pair of magneti-
cally-coupled auxiliary windings 128, 129 for electri-
cally heating the cathodes 126, 127, respectively. A
small capacitor 131 is connected in series with lamp 134,

Additiona! Explanations and Comments

(2) With reference to FIGS. 2 and 8, adjustment of
the amount of power supplied to load 26, and thereby
the amount of light provided by lamp 71, may be nc-
complished by epplying a voltage of adjustable magni-
tude 1o input terminals IP1 end 1P2 of the Toroid
Heater; which is thermally coupled with the toroidal
fertite cores of saturable transformers 47, 49.

(t) With commonly available components, inverter
circuit 4 of FIG. 2 can be made to operate efficiently &t
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sny frequency between & few kHz2 to perhaps as high as
50 kHz. However, for various well-known reasons (e,
eliminating audible noise, minimizing physical size, and
maximizing efficiency), the frequency gctually chosen is
in the renge of 20 to 40 kHz.

(c) The fluorescent lighting unit of FIG. 1 could be
made in such manner as 1o permit fluorescent lamp 11to
be disconnectable from its basc 12 and ballasting means
16. However, if powered with normal line voltage with-
out its lamp 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 automatically estsblishes a situation that prevents
the possible destruction of the power supply and ballast-
ing 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 inverier circuit is protected
from self-destruction.

(d) At frequencies above s few kHz, the load repre-
sented by a fluorescent lamp—once jt is ignited—is
substantially resistive. Thus, with the voltage aCTOsS
1amp 11 being of a substantially sinusoidal waveform {as
indicated in FIG. 34), the current through the lamp will
also be substantially sinusoidal in waveshape.

(¢) In the fluorescent lamp umit of F1G. 1, flucrescent
lamp 11 is connected with power supply and ballasting
circuit 16 in the exact same manner as is
nected with the cirovit of FIG. 2. Thatis, it is connected
in parallel with the tank capacitor (52) of the L-C series-
resonant circuit. As is conventional in instant-stant fluo-
rescent lamps—such as lamp 11 of FIG. 1—the two
terminals from cach cathode are shorted together,
thereby to constitute & situation where each cathode
effectively is represented by only 2 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 ballesting means need only be made
with one of the terminals of each cathode.

(i) It is thought that the present invention and many
of its attendant advantages will be understood from the
foregoing description and that many changes may be
made in the form end construction of its components
parts, the form described being merely a preferred em-
bodiment of the invention.

1 claim:

1. An arrangement comprising:

base means adapted to be inserted into and heldbya
lamp socket;thehmpmkethwinsapdrof
socket terminals whereat is provided a power line
voltage; the hase means having 3 pair of base elec-
trodes connected with the socket terminals;

& gas discharge lamp having » first and a second Jamp
input terminal; the gas discharge lamp having &
first and a second thermionic cathode connected,
respectively, with the first and the second lamp
input terminal; and

& circuit assembly connected between the base elec-
trodes and the lamp input terminals; the circuit
assembly being operative to provide s Jamp current
10 the lamp terminals; the lamp cusrent having a
substantially sinusoidal waveshape and being of
frequency substantially higher than that of the
power line voltage; the circuit assembly being
characterized by including:
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(2) a rectifier circuit connected with the base elec-
trodes and operative to provide 3 DC supply
voltage across a pair of DC terminals;

(b) an inverter circuit connected with the DC ter-
minals and operative to provide an aliernating
inverter voltage at a pair of inverter output ter-
minals; the waveshape of the alternating inverter
vohage being non-sinusoidal and having a ‘per-
iod; each complete period of the alternating in-
verter voltage consisting of four distinct parts: (i)
a first part during which its instantaneous magni-
tude incresses at a substantially constant rate; (if)
» second part during which its instantaneous
magnitude remains substantially constant at &
relatively high level; (iii) a third part during
which its instantaneous magnitude decreases st &
substantially constant rate; and (iv) » fourth part
during which its instantancous magnitode re-
mains substantially constant at a relatively Jow
level; the inverter circuit being characterized by
including a periodically conducting transistor
conducting only during the second part of each
complete period of the alternating inverter volt-
age; and

(c) waveshaping circuitry connected between the
inverter output terminals snd the lamp input
terminals;

the base means, the gas discharge lamp, and the cir-
cuit assembly constituting a single mechanically
integral entity functiona! 1o be inserted into and
held by a lamp socket.

2. An arrangement comptising:

base means adapted to be inserted into and held by &

lamp socket; the lamp socket having a pair of 35

socket terminals whereat is provided an crdinary
AC power line voltage; the base means having &
pair of base electrodes connected with the socket
terminals;

2 gas discharge lamp having a first and a second lsmp
input terminal; the gas discharge lamp having a
first and a second thermionic cathode having, re-
spectively, a first and a second pair of cathode
terminals; there being, inside of the gas discharge
lamp, an electricelly conductive path extending
between each of the cathode terminals of each
thermionic cathode; at least one each of the first
and second pair of cathode terminals being con-
nected, respectively, with the first and the second
lamp input terminal; and

a circuit assembly connected between the base elec-
trodes and the lamp input terminals; the circuit
assembly being operative to provide a Jamp current
10 the lamp terminals; the lamp current having a

45

substantially sinusoidal waveshape and being of 35

frequency substantially higher than that of the

power line voltage; the circnit assembly being

characterized by including: -

(a) a rectifier circuit connected with the base elec-
trodes and operative to provide a DC supply
voltage across & pair of DC terminals; the abso-
lute magnitude of the DC supply voltage being
substantially higher than the absolute pesk mag-
nitude of the AC power line voltage;

(b) an inverter circuit connected with the DC ter-
minals and operative to provide an alternating
inverter voltage at a pair of inverier output ter-
minals; the waveshape of the alternating inverter

10
voltage being non-sinusoidal and heving a per-
iod; and
(c) waveshaping circuitry connected between the
inverter output terminals and the lamp input
terminals;

the base means, the gas discharge lamp, and the cir-

cnit assembly constituting a single mechanically
integral entity functional to be inserted into and
held by a lamp socket.

3. An arrangement comprising:
base means sdapted 1o be inseried into and held by a

lamp socket; the lamp socket having » pair of
socket terminals wherest is provided a power line
voltage; the base means having & pair of base clec-
trodes connected with the socket terminals;

a gas discharge lamp having a first and a second lamp

input terminal; the ges discharge lamp having &
first and a second thermionic cathode having, re-
spectively, a first and a second pair of cathode
terminals; there being, inside of the gas discharge
lamp, an clectrically conductive path extending
between each of the cathode terminals of each
thermionic cathode; at least one each of the first
and second pair of cathode terminals being con-
nected, respectively, with the first and the sccond
lamp input terminal; and

a circuit assembly connected between the base elec-

trodes and the lamp input terminals; the circuit
assermbly being operative 10 provide a high-fre.
quency lamp voltage to the lamp terminals; the
high-frequency lamp voltage being of frequency
substantially higher than that of the power line
voltage; the circuit assembly being characterized
by: (i) being operative to provide the high-fre-
quency lamp voltage 1o the lamp terminsls even if
each of said conductive paths were to become
dameged such as to prevent current form flowing
between the cathode terminals of each thermionic

cathode; and (i) by including:

(a) & rectifier circuit connected with the base elec-
trodes and operative to provide a DC supply
voltage across a pair of DC terminals;

(b) an inverter circuit connected with the DC ter-
minals and operative to provide an alternsting
inverier voltage at & pair of inverter cutput ter-
minals; and

{c) waveshaping circuitry connected between the
inverter output terminals and the lamp input
terminals;

the basc means, the gas discharge lamp, and the cir-

cuit assembly constituting a single mechanically
integral entry functiona! to be inseried into and
held by a lamp socket.

4, An arrangement comprising:
base means adapted to be inserted into and held by a

lamp socket; the lamp socket: having a pair of
socket terminals wherest is provided a power line
voltage; the base means having a pair of base elec-
trodes connected with the socket terminals;

a gas discharge Iamp having a first and a second lemp

input terminal; the gas discharge lamp having a
first end a second thermionic cathode connected,
respectively, with the first and the second lamp
input terminal; and

2 circuit assembly connected between the base elec-

trodes snd the Inmp input terminals; the circult
assembly being operative to provide & high-fre-
quency lamp voltage to the lamp terminals; the
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high-frequency Jamp voltage being of frequency

substantially higher than that of the power line

voliage; the circuit assembly being characterized
by including:

{a) & rectifier cirevit connected with the base elec- 3
trodes and operative to provide a DC supply
voltage across a pair of DC terminals;

(b} an inverter circuit connected with the DC ter-
minals and operative to provide an aliernating
inverter voltage at a pair of inverter output ter-
minals; the inverter circuit being characterized
by including a periodically conducting transis-
1or; the transistor being characterized by having
a pair of control terminals between which exists
an alternating control vohage having peak-to- 13
peak megnitude substantiafly larger than twice
the magnitude of the forward voltage drop of an
ordinary semiconductor junction diode; and

(c) waveshaping circuitry connected between the
inverter output terminals and the lamp input [
terminals; .

the basc means, the ges discharge lamp, and the cig=
cuit assembly constituting 8 single mecheanically
integral entity functional to be inserted into and ,,
held by a lamp socket.

5. An arrangement comprising:

base means adapted to be inserted into and heldbya
lamp socket; the lamp socket having a pair of
socket terminals whereat is provided & power line
voltage; the base means having a pair of base elec-
trodes connecied with the socket terminaly;

s gas discharge lamp having lamp terminals; and

2 circuit assembly connected between the base elec-

trodes and the lamp terminals; the circuit assembly 35
being operative to provide an AC lemp voltage to
the lamp terminals; the AC lamp voltage being of
frequency subsiantially higher than that of the
power line volage; the circuit assembly being
characierized by including:

(a) a rectifier circuit connected with the base elec-
trodes and operative to provide a DC supply
voltage across @ pair of De terminalg; the abso-
lute magnitude of the DC supply voltage being
substantially higher than the peak absolute mag-
nitude of the power line voltage;

(b} an inverter circuit connected with the DC ter-
minals and operative to provide an alternating
inverter voltage at a pair of inverter output ter-
minals; and

(c) current-limiting and waveshaping circuitry
connected between the inverter output terminals
and the lamp terminals;

the base means, the gas discharge lamp, and the
circuit assembly constituting @ single mechani-
cally integral entity functional to be inscried into
and held by a lamp socket.

6. The srrangement of claim § wherein the inverier
circuit is forther characterized by including 3 periodi-
cally conducting transistor heving & pair of control
terminals between which exists an alternating control
voltage having peak-to-peek magnitude lerger than
twice the magnitude of the forward voltage drop of an
ordinary semiconductor diode junction.

7. The arrangement of claim § wherein the alternat- €5
ing inverter voltage has a peak-to-peak magnitude sub-
stantislly equal to the absolute magnitude of the DC
supply voltage.

10
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8. The arrangement of claim § wherein one of the
inverter output terminals is periodically and elternat-
ingly connected with both the DC terminals.

§. The arrangement of claim § wherein the potential
of one of the inverter output terminals is peniodically
snd alternatingly substantially equal 10 (i) the potential
of one of the Dc terminals, and (ii) the potential of the
other one of the DC terminals.

10. An arrangement comprising:

base means sdapted to be inserted into and held by a
lamp socket; the Jamp socket having a pair of
socket terminals whereat is provided & power line
voltage; the base means having & pair of base elec-
trodes connected with the socket terminals;

a gas discharge lamp having lamp terminals; and

a circuitry assembly connected between the base
electrodes and the lemp terminaly; the circult ws-
sembly being operative to provide an AC lamp
voltage 1o the lamp terminals; the AC lamp voltage
being of frequency substantiaily higher than that of
the power line voltage; the circuit asscmbly belng
characterized by including:

(8) a rectifier circuit connccted with the base elec-
trodes and operative to provide a DC supply
voltage scross a pair of DC terminals;

(b) en inverter circuit connected with the DC termi-
nals and operstive to provide an alternating in-
verter voltage at a pair of inverter output terminals;
the peak-to-peak magnitude of the siternating in-
verter voltage being substantially equal to the mag-
nitude of the DC supply voltage; and
(c) corrent-limiting and waveshaping circuitry

connected between the inverter output terminals
and the lamp terminals,

11, The arrangement of claim 10, wherein the abso-
lute peak-to-peak magnitude of the alternating inverter
voltage Is substantially higher than the absolute peak
magnitude of the power line voltage.

12. The arrangement of claim 10 wherein: (s) the
inverter circuit is further characterized by including &
periodically conducting transistor; (b} the alternating
inverter voltage consists of four distinet parts: () o first
part during which its instantaneous magnitude increases
at a substantially constant rate, (if) a second part during
which its instantancous magnitude remains substantially
constant at a relatively high level, (iil) s third part dur-
ing which its instantaneous magnitude decreases ata
substantislly constant rate, and (iv) a fourth part during
which fts instantanecns magnitude remains substantially
constant at a relatively low level; and (c) the transistor
is prevented from conducting cusrent during most of
the first and third periods.

13. The arrangement of claim 12 wherein the dura-
tion of the first part cquals or exceeds sbout one tenth of
the duration of the second pari.

14, The arrangement of claim 10 wherein the inverter
clrcuit includes: G) a transistor heving a pair of transis-
tor output terminals across which the alternating in-
verter voltage exists and between which a ArAnsistor
output current periodically flows; and (i) circuitry
functional to prevent the transistor output current from
flowing except during periods when the absolute mag-
nitude of any voltage present across the transistor out-
put terminals is lower than half the absolute megnitude
of the DC supply voltage.

18, An arrangement comprising:

base means adapted 10 be inserted into and held by a
lamp socket; the lamp socket having a pair of
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socket terminals whereat is provided a power line
voltage; the base means having 2 pair of base elec-
trodes connected with the socket terminals;
» gas discharge Jamp having a first and a second pair
o cathode terminals; and

an electronic ballasting circuit connected between
the base electrodes and the cathode terminals; the
ballasting circuit being characterized by:

providing a lamp operating voltage of relatively high
magnitude between the pairs of cathode terminals
and 2 cathode heating voltage of relatively low
magnitude across each pair of cathode terminaly;
the lamp operating voltage and cathode heating
voltage each aliernating at a frequency substan-
tinlly highér than that of the power line voltage;
the magnitude of the cathode heating voltage being
substantially higher prior to lamp ignition than
after lamp ignition.

16. The arrangement of claim 15 wherein the magni-
tude of the cathode heating voltage is approximately
proportional to the magnitude of the lamp operating
voltage.

17. The arrangement of claim 15 wherein the elec-
tronic ballasting circuit is further characterized by in-
cluding s periodically conducting transistor across

_ which exists an alternating inverter voliage consisting
of four distinct parts: (i) a first part during which is

14
instantanecus magnitude increases at a substantiaily
constant rate, (i) a second part during which its instan-

. taneous magnitude remains substantially constant at &
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relatively high level, (i) & third part during which itc
instantaneous magnitude decreases at a substantially
constant rate, end (iv) a fourth part doring which its
instantanecus magnitude remains substantially constant
at a relatively low level; the transistor being prevented
from conducting current during most of the first and
third periods. .

18, The arrangement of claim 15 wherein the elec-
tronic ballasting circuit is further characterized by in-
cluding: (a) & periodically conducting transistor across
which exists an alternating inverter voltage consisting
of four distinct parts: (i) a first part during which its
instantaneous magnitude increases st m substantially
constant Tate, (i) a second part during which its instan-
taneous magnitude remains substantially constant at &
reletively high level, (iii) a third part during which its
instantaneous magnitude deceases at a substantially
constant rate, and (iv) a fourth part during which its
instantaneous magnitude remains substantially constant
at a relatively low level; and (b) circuit functional to
prevent the transistor conducting current during most
of the first and third periods.

L]
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tion-in-part of Ser. No. 787,652, Oct. 15, 1985, sbam-  that or the AC power line voltage. Within the elec-
ionediﬂ;c; kb:n‘;onﬁ;uﬂﬁ;?cg Ser. No. 6:;:5:,‘ tropic ballast is & half-bridge inverter, whose output
ug. 4/, 5 8! oned, w is & contimual . " !
Sex- No. 555,426, Nov. 13, 1983, sbendoned, whichir 4 ‘{f,’::“'ifv::grhif ;‘;’m“m :’m%"m
zommulnon of Ser. No. 178,107, Avg. 14, 1980, aban- DC voltage whose abs Slute magnitode if sul jally
higher than the absolute peak magnitude of the AC
511 Tot Cb3 cimmmmnsinssnse HOSH 41/29; HOSB 41736  power line voltage.
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ELECTRONIC BALLAST WITH TRAPEZOIDAL
VOLTAGE WAVEFORM

RELATED APPLICATIONS

‘The present spplication is a continuation of Ser. No.
07/955,229 filed Oct. 01, 1992, now US. Pat. No.
§233,270; which is a continuation of Ser. No.
07/607,271 filed Oct. 31, 1990, now abandoned; which

is & continuation-in-part of Ser. No. 06/787,692 filed 10

Oct. 15, 1985, now abandoned; which is e continuation
of Ser. No. 06/644,155 filed Aug. 27, 1984, now aban-
doned; which is a continuation of Ser. No. 06/555,426
fited Nov. 23, 1983, now abandoned; which is a contine-

ation of Ser. No. 06/178,107 filed Aug. 14, 1980, now 15

abandoned.

BACKGROUND OF THE INVENTION
1. Field of Invention

This invention relates to power supplies suitsble for 20

ballasting gas discharge lamps.

2. Description of Prior Art

For a description of pertinent prior art, reference is
made to U.S, Pat. No. 4,677,345 10 Nilssen; which pa-

tent issucd from 8 division of application Ser. No. 25

06/178,107 filed Aug. 14, 1980; which application is the
original progenitor of instant application.

Otherwise, reference is made to the following v.s.
Pat. No. 3,263,122 to Genuit; U.S. Pat. No. 3,320,510 to

Locklair; U.S, Pat. No. 3,996,493 to Davenport et el; 30

U.S. Pat. No. 4,100,476 to Ghiringhelli; U.S. Pat. No.
4,262,327 to Kovacik et al; U.S. Pat. No. 4,370,600 to
Zansky; as well as U.S. Pat. Nos. 4,634,932, 4,857,806,
5,047,650, 5,164,637, 5,166,578, 5,185,560, and 5,191,262
to Nilssen.

SUMMARY OF THE INVENTION
Objects of the Invention

An object of the present invention is that of providing
2 self-ballasted screw-in gas discharge lamp.

Another object is that of providing 8 compact folded
fluorescent lamp.

Yet another object is that of providing means for
adjusting the light output of gas discharge lamps.

These gs well as other objects, features and advan-
tages of the present invention will become apparent
from the following description and claims.

Brief Description

The present invention is directed to providing im- 30

proved pas discharge lighting means and inverter cir-
cuits for powering and controlling gas discharge lamps.
The inverter circuits according to the present invention
are highly efficient, can be compactly constructed and

arc ideally suited for epergizing gas discharge lemps, 53

particularly compact folded “instant-start” “self-bal
lasted” fluorescent lamps.

According to one feature of the present invention, &
series-connected combination of an inductor and & ca-

pacitor is provided in circuit with the inverter transis- 60

tors to be energized npon periodic iransistor conduc-
tion. Transistor drive current is preferably provided
through the use of at least one saturable inductor to
control the transistor inversion frequency to be equal to

or greater than the nature resonant frequency of the 65

inductor and capacitor combination. The high voliages
efficiently developed by loading the inverter with the
inductor and capacitor are ideally suited for energizing

2
external loads such as gas discharge lamps. In such an
application, the use of an adjustable inductor permits
control of the inverter ontput as a means of adjusting
the level of lamp illumination.

According to another feature of the present inven-
tion, reliable and highly efficient half-bridge inverters
include a saturable inductor in & current feedback cir-
cuit to drive the transistors for alternate conduction.
The inverters also inciude a load having an inductance
sufficient to effect periodic energy storage for self-sus-
tained transistor inversion. Importantly, improved reli-
ability is achieved because of the relatively low and
transient-free voltages across the transistors in these
half-bridge inverters.

Further, according to another featare of the preseat
invention, novel and economical powes supplies partic-
ularly useful with the disclosed inverter circuits convert
conventional AC input voltages to DC for supplying to
the inverters.

Yet further, according to still another feature of the
invention, a rapid-start fluorescent lamyp is powered by
way of a series-resopant LC circuit; while heating
power for the lamp’s cathodes is provided via loosely-
coupled auxiliary windings on the tank inductor of the
LC circuit. Alternatively, cathode heating power is
provided from tightly-coupled windings on the tank
inductor; in which case cutput current-limiting is pro-
vided via a non-linear resistance means, such s an in-
candescent filament in a light bulb, connected in series
with the output of each winding.

BRIEF DESCRIPTION OF THE DRAWINGS

FI1G. 1 is a front elevation of a folded fluorescent
lamp unit adapted for screw-in insertion into & standard
PBdison incandescent socket;

FIG. 2 is a schematic djagram illustrating the essen-
tint features of a push-pull inverter circuit particularky
suitable for energizing the lamp vnit of FIG. L

FIG. 3A-3D is a set of waveform disgrams of certain
significant voltages and currents occurring in the circuit
of FIG. 2;

FIG. 4 is a schematic diagram of 2 DC power supply
connectable to both 120 and 240 volt AC inputs;

FIG. 5 is a schematic diagram which illustrates the
connection of a non-seli-ballasted gas discharge lamp
unit to the FIG. 2 inverter circuit;

FIG. 6 is a schematic diagram which {liustrates the
use of a toroid heater for regulation of the invester
output;

FIG. 7 is an alternate form of push-pull inverter cir-
cuit accordind to the prescat invention;

FIG. 8 is & schematic diagram showing the connec-
tion of a gas discharge lamp of the “rapid-start” type to
an inductor-capacitor-loaded inverter according to the
present invention;

FIG. 9 is & modification of FIG. 8, showing loosely-
coupled auxiliary windings on the tank inductor; and

FIG. 10 is another modification of FIG. 8, showing
nop-linear current-limiting means connected with the
output of tightly-coupied auxiliary windings on the tank
inductor.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

FIG. 1 illustrates a screw-in gas discharge lamp umit
10 comprising a folded fluorescent lamp 11 suitsbly
secured to an integral base 12. The lamp comprises two
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cathodes 13, 14 which are supplied with the requisite
high operating voltage from & 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 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 Volt/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 es a starting zid. Finally, a manuslly rotatable
external knob 22 is connected to a shaft for mechanical
adjustment of the air gap of a ferrite core inducter to
vary the inductance value thereof in order to effect
adjustment of the inverter voltage output connected to
electrodes 13, 14 for controlled variation of the lamp
illumination intensity.

‘With reference to F1G. 2, a power sopply 23, con-
nected to & 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 Joad 26, which may comprise a gas dis-
charge device such as the fluorescent lamp 11 of FIG. 1.

The power supply 23 comprises bridge rectifier hav-
ing four diodes 27, 28, 29 and 31 connectable to a 248
volt AC supply at terminals 32, 33. Capacitors 34, 36are
connected between a ground line 37 (in turn directly
connected to the inverier 24) and to a B+ line38 and a
B— line 39, respectively. The power supply 23 also
comprises a voltage doubler and rectifier optionally
connectsble to a 120 volt AC input taken between the
ground Jine 37 and terminal 33 or 32, The voltage dou-
bler and rectifier means provides a direct electrical
connection by way of line 37 nctween 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 ouwtput
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 2¥, the AC input, whether 120
or 240 volts, is provided at terminals 32’ and 39. Termi-
nal 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’ are identical.

The inverter circuit 24 of FIG. 2 is a half-bridge
inverter comprising transistors 42, 43 connected in se-
ries 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 transis-
tor 43 are connected to a midpoint line 44 (designated
“M™) and the emitter of transistor 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
toroidsl saturable core transformer 47, a primary wind-
ing 48 on an identical transformer 49, an inductor 51 and
& series-copnected capacitor 52. The inductor 51 and
capacitor 52 are energized upon alternate transistor
conduction in a manner to be described later.

An external load 26 is preferably taken off capecitor
52, as shown in FIG. 2. The inductor 51, preferably a
known ferrite core inductor, has an inductance variable
by mechanical adjustment of the air gap in order to
effect variation in the level of the inductor and capaci-
tor voltage and hence the power available to the losd,
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as will be described. When the load is 2 gas discharge
lamp such as lamp 11 in FIG. 1, variation in this indoe-
tance upon rotation of knob 22 accomplishes a lamp
dimming effect.

Drive current to the base terminals of trensistors 42
and 43 is provided by secondary windings 53, 54 of
transformers 49, 47, respectively. Winding 53 is also
connected to midpoint lead 44 through a bias capacitor
56, while winding 54 is connected 1o the B— lead »
through an identical bias capacitor 57, The base termi-
nals of transistors 42 and 43 are also connected to lines
38 and 44 through bias resistors 58 and 59, respectively.
For & purpose to be described later, the base of transis-
tor 42 can be optionally connected to a diode 61 and &
series Zener diode 64 in turn connected to the midpoint
line 44; similarly, a diode 63 and geries Zener diode 64 in
tarn conpected to the B~ line 39 can be connected to
the base of transistor 43. Shunt diodes 66 and 67 are
comnected across the collector-emitter terminals of
transistors 42 and 43, respectively. Finally, a capacitor
€8 is connected across the collector-emitiex terminals 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
illustrates significant portions of the wavcforms of the
voltage et midpoint M (FIG. 3A), the base-emitter volt-
age on transistor 42 (FIG. 3B), the current through
transistor 42 (FIQ. 3C), and the capacitor 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 to charge capec-
itor 52 and returns through capacitor 34 (refer 1o the
time period designated I in FIG. 3). When the saturable
inductor 49 saturates at the end of period I, drive cur-
rent to the base of transistor 42 will terminate, causing
voltage on the base of the trasistor 10 drop to the nega-
tive voltage stored on the bias capacitor 56 in a manner
to be described, causing this transistor to become non-
conductive. As shown in FIG. 3¢, current-flow in tran-
sistor 43 terminates at the end of period L

Because the current through inductor 51 cammot
change instantaneously, current will flow from the B—
bus 39 through capacitor 68, causing the voltage at
midpoint line 44 to drop to — 160 volts (pericd IT in
FIG. 3). The capacitor 68 restrains the rate of voltage
change across the collector and ciitter terminals of
transistor 42. The current through the inductor 51
reaches its maximum value when the voltage at the
midpoint line 44 is zero. During period 111, the current
will continue to flow through inductor 51 but will be
supplied from the B— bus through the shunt dicde 67.
1t will be appreciated that during the latter half of per-
jod I and all of period IN, positive current is being
drawn from a negative voltage; which, in reality, means
that energy is being 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 1o flow
out of its secondary winding 84 to cause transistor 43 to
become conductive, thereby causing a reversal in the
direction of current through inductor 51 and capacitor
£2. When transformer 47 saturates at the end of period
IV, the drive current to the base of transistor 43 termi-
nates and the current through inductor 81 will be sup-
plied through capacitor 68, causing the voltage at mid-
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point line 44 to 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
then repeated.

As seen in FIG. 3, saturable transformers 47, 49 pro-
vide tramsistor drive current only safter the current
through inductor 51 has diminished to zero. Further,
the transistor drive current is terminated before the
current through inductor 51 has reached its maximum
amplitude. This coordination of base drive current and
inductor current is achieved because of the series-con-
nection between the inductor 51 and the primary wind-
ings 46, 48 of saturable transformers 47, 49, respece
tively.

The series-connected combination of 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 vohage will be
developed across its terminals. As the vilue of this
capacitance is decreased, however, the voltage across
this capacitor will increase. As the value of the capaci-
tor 52 is reduced to achieve resonance with the inductor
51, the voltage on the capacitor will rise and become
infinite in a Joss-free circuit operating under ideal condi-
tions. '

It has been found desirable 1o regulate the transistor
inversion frequency, determined mainiy by the satura-
tion time of the saturable inductors 47, 49, to be equel to
or higher than the natural resonance frequency of the
inductor and capacitor combination in order to provide
a high voltage output to external Joad 26. A high volt-
age across capacitor 52 is efficiently developed as the
transistor inversion frequency approaches the natural
resonant frequency of the inductor §1 and capacitor 82
combination. Stated another way, the conduction per-
jod of each transistor is desirably shorter in duration
than one quarter of the full period corresponding to the
netural resonant frequency of the inductor and capaci-
tor combination. When the inverter 24 is used with a
self-ballasted gas discharge lamp unit, it has been found
that the inversion frequency cen be at least equal to the
natural resonant frequency of the tank circuit. If the
capacitance value of capacitor 52 is reduced still further
beyond the resonance point, unacceptably high transis-
tor currents will be experienced during transistor
switching and transistor burn-out will occur.

Tt 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 in-
ductor 51 will determine the voltages developed in the
inductor-capacitor tank circuit. The external load 26
may be connected in circuit with the inductor 51 (by a
winding on the inductor, for example) and the capacitor
may be omitted entirely. If the combined circuit loading
of the inductor 51 and the external Joad 26 has an effec-

five inductance of value sufficient to effect periodic

energy storage for self-sustained transistor inversion,
the current feedback provided by the saturable induc-
tors 47,49 will effect alternate transistor conduction
without the need for additional voltage feedback. When
the capscitor 52 is omitted, the power supply 23 pro-
vides & direct electrical connection between one of the
AC power input lines and the inverter load circuit.

Because the voltages across transistors 42, 43 are
relatively low (due to the effect of capacitors 34, 36),
the half-bridge inverter 24 is very reliable. ‘The absence
of switching transients minimizes the passibility of tran-
sistor burn-out
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The inverter circuit 24 comprises means for supply-
ing reverse bias to the conducting transistor tpon satu-
ration of its associated saturable fnductor. For this por-
pose, the capacitors 56 and 57 are charged to negative
voltages as a result of reset current flowing into second-
ary windings 53, 54 from the bases of transistors 42, 43,
respectively. This reverse current rapidly turns off a
conducting transistor to increase its switching speed
and to achieve inverter circuit efficiency in a manner
described more fully in my co-pending U.S. patent ap-
plicetion Ser. No. 103,624 filed Dec. 14, 1979 and entl-
tled “Bias Control for High Efficiency Inverter Cir-
cuit” (now V.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 asso-
ciated transistors upon transistor turn-off.

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 Volt for transistors typically used in high-voltage
inverters. As an alternative, to provide a negative volt-
sge smaller in magnitude on the base lead of typical
transistor 42 during reset operation, the optional diode
61 and Zener diode 62 combination can be used. For
large values of the bias capacitor 56, the base voltage
will be substantially constant.

If the load 26 comprises 2 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 capacitor 52 from reaching destructive levels.
Such a lamp provides an initial time delay during which
a high voltage, suitable for instent starting, is availabie.

FIG. 5 illusirates the use of an alternate load 26’
adapted for plug-in connection to an inverter circuit
such 2s shown in FIG. 2. The load 26" consists of & gas
discharge lamp 71 baving electrodes 72, 73 and con-
nected in series with a capacitor 74. The combination of
Jamp 71 and capacitor 74 is connected in parallel witha
capscitor 52' which serves the same purpose s capaci-
tor 52 in the FIG. 2 circuit. However, when the load 26'
is unplugged from the circuit, the inverter stops oscillat-
ing and the development of high voltages in the inverter
is prevented. The fact that no high voltages are genar-
pted by the circuit if the lamp is disconnected while the
circuit is oscillating is important for safcty reasons.

FIG. 6 illustrates a capacitor 52" connected in series
with an inductor 517 through s heater 81 suitable for
hesting the toroidal inductors 47, 49 in accordance with
the level of output. The load 26" is connected across the
series combination of the capacitor 52" and the toroid
heater. The heater 81 is prefersbly designed to control-
lebly heat the toroidal saturable inductors in order to
decrease their saturation flux limit and hence their satu-
ration time. The result is 1o decrease the periodic tran-
sistor conduction time and theseby increase the transis-
tot inversion frequency. When a frequency-dependent
impedance means, that i3, an inductor or & capacitor, is
connected in circuit with the AC voltage output of the
inverter, change in the transistor inversion frequency
will modify the impedance of the frequency-dependent
impdance means and correspondingly modify the in-
verter output. Thus as the Jevel of the output increases,
the toroid heater 81 is correspondingly energized to
effect feedback regulation of the output. Further, tran-
sistors 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



Case: 1:05-cv-02911 Document #: 1 Filed: 05/16/05 Page 34 of 112 PagelD #:34

5,341,067

7
feedback regulation of the output or control of the
ternperature of transistors 42, 43.

The frequency dependent impedance means may also
be used in 2 circuit to energize a gas discharge lamp at
adjustable illumination levels. Adjustment in the inver-
sion frequency of transistors 42, 43 results in control of
the magnitude of the AC current supplied to the lamp.
This is preferably accomplished where saturable induc-
tors 47, 49 have adjustable flux densities for control of
their saturation time.

FIG. T schemstically illustrates an alternate form of
inverter circuit, shown without the AC 10 DC power
supply connections for simplification. In this Figure, the
iransistors 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 alter-
nately condncting transistors 91, 92, The emitter termi-
nals of the transistors are connected to 2 B— line 93. A
B+ lead 94 is connected 10 the center-tap of a trans-
former 96. In order to provide drive current to the
transistors 91, 92 for control of their conduction fre-
quency, saturable inductors 97, 98 have secondary
windings 99, 101, respectively, each sccondary winding
having one end connected to the base of its associated
transistor; the other ends are connected 1o a common
terminal 102. One end of transformer 96 is connected to
the collector of transistor 91 through a winding 103 on
inductor 98 in turn connected in series with a winding
104 on inductor 97. Likewise, the other end of trans-
former 96 is connected to the collector of transistor 92
through e winding 106 on inductor 97 in series with
another winding 107 on inductor 98.

The B+ termingl is connected to terminal 102
through e bias resistor 108. A bias capacitor 109 con-
nects terminal 102 to the B— lead 93, This resistor and
capachtor serve the same function as resistors 58, 59 and
capacitors 56, 57 in the FIG. 2 circuit.

The bases of transistors 91, 92 are connecied by di-
odes 111, 112, respectively, to a common Zener diode
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 FIG. 2.

Shunt diodes 134, 116 are connected across the col-
lector-emitter terminals of transistors 91, 92, respec-
tively. 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-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 con-
nected 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 and inductor 123 can be used to energize
a “rapid-start” fluorescent lamp 124 (the details of the
inverter circuit being omitted for simplication). The
Jamp 124 bas 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 comprises a pair of magneti-
cally-coupled suxiliary windings 128, 129 for electri-
cally heating the cathodes 126, 127, respectively. A
small capacitor 131 is connected in serics with lamp 124.

FIG. 9 illustrates the very same circuit arrangement
25 that of FIG. 8 except that the auxiliary windings 128,
129 are only loosely coupled to the inductor 123,
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thereby providing for a manifest limjtation on the
amount of current that can be drawn from each auxil-
jary winding in case it were to be accidentally short-cir-
cuited.

FIG. 18 also illustrates the very same circuit arrange-
ment gs that of FIG. 8 except that the cathodes 126, 127
are connected with their respective auxiliary windings
128, 129 by way of non-lincar current-limiting means
132 and 133, respectively.

In FIG. 10, the non-linear current-limiting means 132,
133 are shown s 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 10 the ballast circuit (such as that i F1G. 2) in
case the Jeads used for comnecting to one of the lamp
cathodes 126, 127 were 1o be accidentally shorted. This
damage prevention is accomplished by providing for
manifest limitation of the maximum amount of current
that can be drawn from each one of the auxiliary wind-
ings 128, 129. In the circuit of FIG. 9, this manifest
Emitation is accomplished by having the auxiliary wind-
ings 128, 129 couple sufficiently loosely to 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
resulting from an accidental short circuit. Such a short
circait would result in a net reduction in the effective
inductance value of the tank inductor 123; which net
reduction in inductance may in turn cause s 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 in-
verier.

ADDITIONAL EXPLANATIONS AND
COMMENTS

(2) With reference to FIGS. 2 and §, adjustment of
the amount of power supplied to Joad 26', and thereby
the amount of light provided by lamp 71, may be ac-
complished by applying a voltage of adjustable magni-
tude to input 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
circnit 24 of FIG. 2 can be made 1o operate efficiently at
any frequency between a few kHz to perhaps as high as
50 kHz. However, for varions well-known reasons (e,
eliminating sudible noise, minimizing physical size, and
maximizing efficiency), the frequency actually chosen is
in the range of 20 to 48 k¥,

(c) The fluorescent lighting unit of FIG. 1 could be
made in such manner 85 to permit fluorescent lamp 11 t0
be disconnectable from its base 12 and ballasting means
16. However, if powered with normal line voltage with-
out its lamp 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
Joad autometically establishes a situation that prevents
the possible destruction of the power supply and ballast-
ing 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.
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(d) At frequencies above a few kHz, the load repre-
sented by a fluorescent lamp—once it is ignited—is
substantially resistive, Thus, with the voltage across
lamp 11 being of a substantially sinuscidal waveform (as
indicated in F1G. 3d), the current through the lamp will
also be substantially sinusoidal in waveshape.

(e) In the fluorescent lamp unit of FIG. 1, fluorescent
lamp 11 is connected with power supply and ballasting
circuit 16 in the exact same manner as is load 26 con-
nected with the circuit of FIG. 2. That is, it is connected
in paralle] with the tank capacitor (52) of the L-C series-
resonant circuit. As is conventional in instant-start fluo-
rescent lamps—such as lamp 11 of FIG. i—the two
terminals from cach 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 from 2 lamp’s
power supply and ballasting means peed only be made
with one of the terminals of each cathode.

() With respect to the circuit arrangement of FIG. 9,
in sitoations where the tank inductor 123 includes 2
ferrite magnetic core having an air gap, one particularly
cast-cffective way of accomplishing the indicated loose
coupling between the tank inductor 123 and the auxil-
jary windings 128, 129 is that of arranging for the auxil-
jary windings to be placed in the air gap in such 2 man-
ner that they each conple only with part of the magnetic
flux crossing the air gap.

() It is thought that the present invention and many
of its attendant advantages will be understood from the
foregoing description and that many changes may be
made in the form and construction of its components
parts, the form described being merely a preferred em-
bodiment of the invention.

I claim:

1. An arrangement comprising:

a source operative to provide an AC power line volt-

age at a pair of AC terminais;

a gas discharge lamp having & pair of lamp terminals;

and

a circuit assembly connected between the AC termi-
nals apd the lamp terminals; the circuit assembly
being operative to provide a lamp current to the
lamp terminals; the lamp current baving a substan-
tially sinvsoidal waveshape and being of frequency
substantially higher than that of the AC power line
voltage; the circnit assembly being characterized
by including:

(a) rectifying and filtering circuitry connected with
the AC terminals and operative to provide a
substantially constant DC supply voltage across

a pair of DC terminals; the absolute magnitude of

the DC supply voltage being significantly higher
than the absolute peak magnitude of the AC
power line voltage;

(b) inverter circuitry connected with the DC termi-
nals and operative to provide a periodic inverter
voltage at a pair of inverter terminals; and

(c) current-limiting circuitry connected between
the inverter terminals and the lamp terminals.

2. The arrangement of claim 1 wherein there exists an
electrically conductive path between one of the DC
terminals and one of the AC terminals.

3. An arrangement comprising:

a source operative to provide an AC power line volt-

age at a pair of AC terminals;
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a gas discharge lamp having lamp termingls; and

a circnit assembly connected between the AC termi-
nals and the lamp terminals; the circuit assembly
being operative to provide 2 lamp current to the
lamp terminals; the lamp current having a substan-
tially sinusoidal waveshape and being of frequency
substantially higher than that of the AC power line
voltage; the circuit assembly being characterized
by including:

{a) rectifying and filtering circuitry contected with
the AC terminals end operative to provide a
substantially constant DC supply voitage across
a pair of DC terminals;

(b) inverter circuitry connected with the DC termi-
nals and operative 10 provide a periodic inverter
voltage between a reference terminal and an
inverter output terminal; the periodic inverter
voltage having a fundamental period as well a1
an instantaneovs magnitude; each complete fun.
damental period consisting of four distinct sob-
periods: (i) & first sub-period during which the
instantanecus magnitude increases at & first rate;
(ii) a second sub-peried during which the instan-
teneous magnitude remains substantially cou-
stant at a relatively high level; (iii) & third sub-
period during which the instantanecus magni-
tude decreases at & second rate, the second rate
being substantially equal to the first rate; and (iv)
a fourth sub-period during which the instanta-
necus magnitude remains substantially constant
at & relatively low level; the inverter circuitry
being characterized by including & periodically
conducting transistor conducting current during
8 significant part of the second sub-period but
only during a small part of the first sub-period;
and

{¢) current-limiting circuitry connected between
the inverter output terminal and the lamp termi-
pals.

4. Ap arrangement comprising:

a source operative to provide an AC power line volt-
age at a pair of AC terminals;

a gas discharge lamp having lamp terminals; and

a circwit assembly interposed between the AC termi-
nals and the lamp terminals; the circuit assembly
supplying to the lamp terminals a lamp current of
frequency substantially higher than that of the AC
power line voltage; the circuit assembly being fur
ther characterized by including: :

{a) rectifier circuitry connected with the AC termi-
nals and operative 1o provide a substantially
constant DC supply voltage across & pair of DC
terminals;

(b) inverter circuitry connected with the DC termi-
nals and operative to provide & periodic inverter
voltage at a pair of inverter terminals; the peri-
odic inverter voltage has a periodically vearyitg
instantaneous magnitude as well as a complete
fundamental period consisting of (i) a first sub-
period during which the instantanecus magni-
tude changes at a positive rate-of-change, (i) &
second sob-peried during which the instanta-
neous magnitude remains substantially constant
at a relatively high level, (iii) a third sub-period
during which the instantaneous magnitude
changes at a negative ratc-of-change, and (iv) a
fourth sub-period during which the instanta-
peous magnitude remains substantially constant
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at a relatively low level; the duration of the sec-
ond sub-period is substantially equal to that of
the fourth sub-period; the duration of the first

sub-period is substantially equal to that of the.

third sub-period; the duration of the first sub-
period is substantially shorter than that of the
second sub-period; the inverter circuitry is for-
ther characterized by including a transistor hav-
ing a pair of transistor output terminals {(¢.g.,
collector terminal and sn emitter terminal)
across which exists a transistor voltage and be-
tween which pericdically flows s transistor cur-
rent, but only at times when the absolute magni-
tude of the transistor voltage is lower than half
that of the DC supply voltage; and
(c) current-limiting circuitry connected between
the inverter terminals and the lamp terminals.
5. An arrangement comprising:
2 source operative to provide an AC power line volt-
age between a pair of AC terminals;
a gas discharge lamp having 2 pair of lamp terminals;
and

an assemblage of interconnecied electronic compo-
nents connected in circuit between the AC termi-
nals and the lemp terminals; the assemblage being
operative to cause a lamp current to be supplied to
the lamp terminals; the lamp current being of fre-
quency substantially higher than that of the AC
power line voltage; the assemblage being further
characterized by including:

(a) rectifying and filtering ciscuitry connected with
the AC terminals and opesative to provide a
substantially constant DC supply voltage across
a pair of DC terminals; and

(b) inverting and ballasting circuitry connected
between the DC terminals and the Jamp termi-
nals; the inverting and ballasting circuitry being
characterized by providing across a pair of cir-
cuit terminals a periodic inverter voltage having
a fundamental period as well as an instantanecus
magnitude; each fundamental period consisting
of four distinct sub-periods: (i) a sub-period A
during which the instantaneous magnitude in-
creases at a substantially constant rate; (i) a sub-
period B during which the instantaneous magni-
tude remains substantially constant at a relatively
high level; (if) & sub-pericd C during which the
instantaneous magnitude decreases at a substan-
tially constant rate; and (iv) 2 sub-period D dur-
ing which the instantaneous magnitude remaing
substantially constant at a relatively low level;
the inverting and ballasting circuitry also being
characterized by including a periodically con-
ducting transistor; the transistor conducting cur-
rent during at least a part of sub-period B, but not
during at least a part of sub-period C.

6. The arrangement of claim 5 wherein the DC sup-

ply voltage has a substantially constant absolute magni-
tude that is distinctly higher than the peak absolate
magnitude of the AC power line voltage.

7. The arrangement of claim 6 wherein the DC sup-

ply voltage stiains its substantially constant absolute
magnitude within 2 brief period after the AC power line
voltage is initially caused to be provided across the pair
of AC terminals,

8. The arrangement of claim 7 wherein the duration

of the brief period is shorter than the duration of tea
complete cycles of the AC power line voltage.
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9. The arrangement of claim 8 wherein the duration
of the brief period is no longer than the duration of 2
single complete period of the AC power line voltage.

10. The arrangement of claim 6 wherein, interpally of
said assemblage, there exists an electrically conductive
path between one of the DC terminals and one of the
AC terminals,

11. The arrangement of claim § wherein said transis-
tor does not conduct current during most of the com-
plete durztion of sub-period C.

12. An arrangement comprising:

a source operative to provide en AC power Yine volt-

age at a pair of AC terminals;

a gas discharge Tamp having a pair of lamp terminals;

and

an assemblage of interconnected electronic compo-

nents connected in circuit between the AC termi-
nals and the Jamp terminals; the assemblage being
operative to cause a lamp current to be supplied to
the lamp terminals; the Jamp current being of fre-
quency substantially higher than that of the AC
power line voltage; the assemblage being further
characterized by including:

(a) rectifying and filtering circuitry connected with
the AC terminals and operative to provide a
substantially constant DC supply voltage ecross
2 pair of DC terminals; the substantially constant
DC supply voltage baving a steady-state abso-
lute magnitode; the steady-state absolute magni-
tude being significantly higher then the sbsolute
peak magnitude of the AC power line voltage;
the DC supply voltage attaining its steady-state
shsolute magnitude within a brief period after
the AC power line voltage is initially provided at
the AC terminals; the duration of the brief period
being no longer than the duration of ten com-
plete cycles of the AC power line voltege; and

(b) inverting and ballasting circuitry connected
between the DC terminals and the lamp termi-
nals; the inverting and ballasting circuitry being
operative to supply said lamp current to the lamp
terminals.

13. The arrangement of claim 12 wherein, within the
assemblage, there exists an electrically conductive path
between one of the DC terminals and one of the AC
terminals.

14. The arrangement of claim 12 wherein the brief
period is no longer than about 30 milli-seconds.

15. An errangement comprising:

& source operative to provide an AC power line volt-

age at a pair of AC terminals;

a gas discharge lamp having a pair of lamp terminals;

and

an assemblage of interconnected electronic compo-

nents connected in circuit between the AC termi-
nels and the Jamp terminals; the assemblage being
operative 1o cause a lamp current to be supplied to
the lamp terminals; the lamp current being of fre-
quency substantially higher than that of the AC
power line voltage; the assemblage being further
characterized by including:

(a) rectifying and filtering circuitry connected with
the AC terminals and operative to provide a DC
supply voltage across a pair of DC terminats; and

(b) inverting and ballasting circuitry connected
between the DC terminals and the lamp termi-
nals; the inverting and ballasting circuitry being
operative to supply said lamp current to the iamp
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terminals; the inverting and ballasting circuitry
being further characterized by including a peri-
odically conducting transistor; the transistor
being characterized by having a pair of control
terminals (e.g., a base terminal and an emitter
terminal) between which exists a control voltage
varying periodically between 8 minimum volt-
age level and a maximum voltage level; the abso-
lute magnitude of the difference between the
maximum volage level and the minimum volt-
age level being substantially higher than twice
the absolute magnitude of the forward voltage
drop of an ordinary semiconductor junction
diode; the periodic control voltage being of the
same frequency es that of the lamp current; the
forward voltage drop of an ordinary semicon-
ductor junction diode being about 0.7 Volt.

16. The arrangement of claim 15 wherein the absolute
magnitude of the difference between the maximum
voltage level and the minimum voltage level is higher
than 2.0 Volt.

17. The arrangement of claim 15 wherein the average
absolute magnitude of the DC supply voltage is dis-
tinetly larger than the peak absolute magnitude of the
AC power line voltage.

18. The arrangement of claim 16 wherein, by way of
the assemblage, there exists an electrically conductive
path between one of the DC terminals and one of the
AC terminals.

19. An arrangement comprising:

a source operative to provide an AC power line volt-

age between 2 pair of AC terminals;

a gas discharge lamp having a pair of lamp terminals;

and

an assemblage of intercomnected electronic corapo-
nents connected in circuit between the AC termi-
nals and the lamp terminals; the assemblage being
operative 10 cause a lamp current to be supplied to
the Jamp terminals; the lamp current being of fre-
quency substantially higher than that of the AC
power line voltage; the assemblage being further
characterized by including:

(2) rectifying and filtering circuitry connected with
the AC terminals end operative to provide a
substantially constant DC supply voltage across
a pair of DC terminals; and

{b) inverting and ballasting circuitry connected
between the DC terminalg and the lamp termi-
nals; the inverting and ballasting circuitry being
charscterized by providing across a pair of cir-
cuit terminals a periodic inverter voltage having
a fundamental period as well as an instantaneous
magnitude; each fundamental period consisting
of four distinct sub-periods: (i) sub-period A
during which the instantanecus magnitude in-
creasss in a substantially continuous manner; (i)
sub-period B during which the instantaneons
magnitude remaing substantially constant at a
relatively high level; (iif) sub-period C during
which the instantaneous magnitude decreases in
a substantially continuous manner; and (iv) sub-
period D during which the instantaneous magni-
tude remains substantiafly constant at a relatively
low level; the inverting and ballasting circuitry
being further characterized by including a peri-
odically conducting first transistor; the first tran-
sistor conducting current during at least a sub-
stantial part of sub-period B, but not conducting

14
current Jduring at least 2 substantial part of sub-
period C.

20. The arrangement of claim 19 wherein the invert-
ing and ballasting circuitry is still further characterized
by including a periodically conducting second transis-
tor; the second transistor conducting current during st
Jeast a substantial part of sub-period D, but not conduct-
ing current during at least a substantial part of sub-
period A.

21. The arrangement of claim 20 wherein the second
trapsistor §s not conducting cursent during most of the
complete duration of sub-period A.

22. The arrangement of claim 20 wherein: (i) the first
transistor and the second transistor are series-connected
across the DC terminals; and (if) the sbsolute valve of

 the peak-to-peak magnitude of the first periodic inverter

30

3

40

45

60

65

voltage is higher than that of the peak magnitude of the
AC power line voltage.

23. The arrangement of claim 19 wherein the first
transistor has a first pair of control input terminals (e.g.,
a base terminal and an emitter terminal) between which
exists a control voltage varying periodically between &
minimum voliage jevel and & maximum voltage level;
the sbsolute magnitude of the difference between the
meximum voltage level and the minimum voltage level
being substantially higher than twice the absolute mag-
nitude of the forward voltage drop of an ordinary semi-
conductor junction diode; the control voltage being of
the same frequency as that of the lamp current; the
forward voltage drop of an ordinary semiconductor
junction diode being about 0.7 Volt.

24, An arrangement comprising:

a source operative to provide an AC power line volt-

age between a pair of AC terminalg

a gas discharge lamp having a pair of lamp terminals;

and

& power conditioning circuit having: (i} power input

terminals connected with the AC terminals, and [i1)
power output terminals connectable with the lamp
terminals; the power conditioning circuit being
functional, as long as the Jamp terminals are jindeed
connected with the power output terminals, to
properly power the gas discharge lamp; the power
conditioning circuit being further characterized by:
() having a first pair of terminals between which
exists a first voltage whose magnitude varies ina
periodic pattern; the periodic pattern having a
fundamental period consisting of four sub-peri-
ods: (i) sub-period A during which the magni-
tude of the first voltage increases at a first rate;
(i) sub-period B during which the magnitude of
the first voltage remains substantielly constant at
a relatively high level; (iii) sub-period C during
which the magnitode of the first voltage de-
creases at & sccond rate; and (iv) sub-period D
during which the magnitude of the first voltage
remains substantially constant at a relativety kow
level, where sub-period D preceeds a next sub-
period A; and
(b) having a periodically conducting transistor; the
transistor conducting current during at least part
of each sub-period D, but not during at least a
part of each sub-period A.

25. The arrangement of ciaim 24 wherein the power
conditioning circuit is additionally charscicrized by:

{c) having & sccondpairoftermimlsbetweenwhich

exists a DC voltage whose absolute magnitude is
distinetly higher than the peak absolute magnitude
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of the AC power line voltage; there being, within
the power conditioning circuit, an electrically con-
ductive path between one of the second pair of
terminals and one of the power input terminals.

26, The arrangement of claim 24 wherein the power
conditioning circuit is additionally characterized in that
the transistor has a pair of control terminals between
which exists a control voltage varying periodically
between & minimum voltage level and a maximum volt-
age level; the absolute magnitude of the difference be-
tween the maximom voltage level and the minimum
voltage level being clearly higher than two Volts,

27. The arrangement of claim 24 wherein the power
conditioning circuit is additionally characterized by
providing between its power output terminals an alter-
nating voltage having a substantially sinusoidal wave-
form.

28. The arrangement of claim 24 wherein the power
conditioning circuit is additionally characterized by
providing between its power output terrninals an alter-
neting voltage having: (i) a first fundamental frequency
whenever the gas discharge lamp is indeed being prop-
esly powered, and (i) & second fundamental frequency
whenever the gas discharge lamp is not connected with
the power output terminals; the first fundamental fre-
quency being clearly lower than the second fundamen-
tat frequency.

29, The arrangement of claim 24 whercin the power
conditioning circuit is additionally characterized by
supplying to the gas discharge lamp an alternating cur-
rent having 8 substantially sinusoidal waveform.

30. An arrangement comprising:

a source operative to provide an AC power line volt-

age between a pair of AC terminals;

a gas discharge lamp having a pair of lamp terminals;

and

a power conditioning circuit having: (i) power input

terminals connected with the AC terminals, and (if)
power output terminals connectable with the lamp
terminals; the power conditioning circuit being
functional, 2s long as the lamp terminals are indeed
connected with the power output terminals, to
properly power the gas discharge lamp; the power
conditioning circuit being further characterized by
including a first and a second transistor series-con-
nected across a pair of DC terminals; each transis-
tor having a pair of transistor output terminals
across which exists a transistor output voltage; the
transistor output voltage varying periodically be-
tween @ minimum voltage level and 8 maximum
voltage level; the absolute magnitude of the differ-
ence between the maximum voltage level and the
minimum voltage level being substantially equal to
the absolute magnitude of a substantially constant
DC voltage existing across the DC terminals; the
sbsolute magnitude of the DC valtage being dis-
tinctly higher than the absolute peak magnitude of
the AC power line voltage.

31, The arrangement of claim 30 wherein, within the
power conditioning circuit, there exists an electrically
conductive path between one of the DC terminals and
one of the power input terminals.

32. An arrangement comprising:

a source operative 1o provide an AC power line volt-

age between a pair of AC terminals;

2 gas discharge Jamp having a pair of lamp terminals;

and
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a power conditioning circuit having: (i) power input

terminals connected with the AC terminals, and-{i)
power output terminals connectable with the lamp
terminals; the power conditioning being functional,
as long as the lamp terminals are indeed connected
with the power output terminals, to properdy
power the gas discharge lamp; the power condi-
ticning circuit being further characterized by:

(2} including a transistor having & peir of transistor
output terminals across which exists & transistor
output voltage whose magnitude varies in accor-
dance with a periodic waveform; the periodic
waveform having a fundamental period consist-
ing of four sub-periods: () sub-period A during
which the magnitude of the transistor output
voltage increases at a first rate, sub-period A
having 2 first duration, (i) sub-period B during
which the magnitude of the transistor output
voltage remains substantielly constant at 8 rela-
tively high level, sub-period B having a second
duration, (i) sub-period C during which the
magnitude of the transistor outpul voltage de-
creases at a second rate, sub-period C having a
third duration, and (iv) sub-period D during
which the magnitude of the transistor ouvtput
voliage Temains substantially constant at a rela-
tively Yow level, sub-period D having a fourth
duration; sub-period D preceeding a next sub-
period A; and

(b) having a pair of DC terminals between which
exists a DC voltage whose absolute magnitude is
substantially constant and distinctly higher than
the peak absolute magnitude of the AC power
line voltage.

33. The arrangement of claim 32 wherein, within the
power conditioning circuit, there exists an electrically
conductive path between one of the pair of DC termi-
sials and one of the power input terminals.

34. The arrangement of claim 32 wherein the second
duration is distincily shorter than half the duration of
the complete fundamental period.

35, The arrangement of claim 32 wherein the second
duration is distinctly longer than one quarter of the
duration of the complete fundamental period.

36. The arrangement of claim 32 wherein the transis-
tor has a pair of control terminals between which exists
2 control voltage having a magnitude alternating peti-
odically between being above and being below a certain
level: the transistor being characterized in that it is
operative to conduct current only as long as the magni-
tude is above the certain level; the maguitude being
above the certain level only during a certain part of the
fourth duration; the certain part being clearly shorter in
duration than the fourth duration.

37. The arrangement of claim 36 wherein the control
signal includes an alternating voltage component hav-
ing peak-to-peak magnitude in excess of 2.0 Volts.

3§, The arrangement of claim 32 wherein the power
conditioning circuit is additionally cheracterized in
that: (i) a transistor current flows between the transistor
output terminals; (ii) the transistor current flows during
at least a part of sub-pericd D; and (i) the transistor
curtent cesses to flow clearly before the end of the
immediately following sub-period A.

39, The arrangement of claim 32 wherein the power
conditioning circuit is additionally characterized in
thet: (i) a forward transistor curent flows between the
transistor output terminals during each sub-period D,
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but only for a certain total duration; and (ii) the magni-
tude of the forward transistor current increases during
most of said certain total duration.

40, The arrangement of claim 32 wherein the power
conditioning circuit is additionally characterized in that 5
a forward transistor current flows between the transis-
tor ovtput terminals during each fundamental period,
but only during @ certain part of the total duration of
such fundamental period; the certain part being dis-
tinctly shorter than half the duration of the complete 10
fundamental period.

41. The arrangement of claim 40 where said certain
part is distinctly shorter than 50 percent of half the
duration of the complete fundamental period.

42. The arrangement of claim 32 wherein the power 15
conditioning circuit is additionally characterized in
that: (i) the sum of the fourth and first durations is desig-
nated a complete half-cycle-duration; and (ii) a forward
transistor current flows between the transistor output
terminals only during a certain fraction of each com- 20
plete half-cycle-duration, which certain fraction is dis-
tinctly shorter than 90 percent of the complete half-
cycle-duration.

43. The arrangement of claim 42 wherein the magni-
tude of the forward transistor current increases 25
throughout all of the certain fraction of each complete
half-cycle-duration.

44. The arrangement of claim 32 wherein the power
conditioning circuit is additionally characterized in
that: (i) the sum of the fourth and first durations is desig- 30
nated & complete half-cycle-duration; (ii) 2 transistor
current flows between the transistor ootput terminals
only during s certain part of each complete half-cycle-
duration: and (iif) the magnitude of the transistor cut-’
rent increases during most of said certain part. s

45. The arrangement of claim 44 wherein the magni-
tude of the transistor current increases throughout said
ceriain part.

4§, An arrangement comprising:

2 source operative to provide an AC power line volt- 40

age between a pair of AC terminals;

2 gas discharge lamp having & pait of jamp terminals;

and

2 power conditioning circuit having: (i) power input
terminals connected with the AC terminals, and (i) 43
power output terminals connectable with the lamp
lerminals; the power conditioning circuit being
functional, as long as the lamp terminals are indeed
connected with the power output terminals, to
properly power the gas discharge lamp; the power 50
conditioning circuit being further characterized by:

(2) including a transistor having & pair of transistor
output terminals across which exists a transistor
output voltage whose magnitude varies in accor-
dance with a periodic waveform; the periodic 55
waveform having a fundamental period consist-
ing of four sub-periads:

(i) sub-period A during which the mzagnitude of
the transistor output voliage increases at a first
rate; sub-period A having a first duration; 60

(ii) sub-period B during which the magnitode of
the transistor output voltage remains substan-
tially constant at a relatively high level; sub-
period B having 8 second duration;

(iil) sub-period C during which the magnitude of 65
the transistor output vcltage decreases at a
second rate; sub-period C having a third dura-
tion; and
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(iv) sub-period D during which the magnitude of
the transistor ovtput voltage remains substan-
fially constant st a relatively low level, sub-
period I having a fourth duration; sub- period
D) preceeding a next sub-period A; and

(b) with the sum of the fourth duration and the first
duration being designated &s a total half-cycle-
duration, having a forward transistor current
flowing between the transistor output terminals
only during a certain fraction of each total half-
cycle-duration; the certain fraction being dis-
tinctly shorter than 90 percent of the complete
half-cycle-duration.

41, An arrangement comprising:

a source operative to provide an AC power line volt-
age between a pair of AC terminals;

2 gas discharge lamp having a pair of lamp terminale;
and .

& power conditioning civcuit having: () power input
terminals connected with the AC terminals, and (i)
power output terminals connectable with the lamp
terminals; the power conditioning circuit being
functional, as long es the lamp terminals are indeed
connected with the power output terminals, to
properly power the gas discharge Jamp; the power
conditioning circuit being further characterized by:
(a) including a transistor having a pair of transistor

output terminals across which exists a transistor
output voltage whose magnitude varies in accor-
dance with a periodic waveform; the periodic
waveform having a fundaments] period consist-
ing of four sub-periods:

(i} sub-period A during which the magnitude of
the transistor output voltage increases et a first
rate; sub-period A having a first duration;

(i) sub-period B during which the magnitude of
the transistor output voltage remains substan-
tially constant at a relatively high level; sub-
period B having a second duration;

(iif) sub-period € during which the magnitude of
the transistor output voltage decrcases at &
second rate; sub-period C baving a third durs-
tion; and

{iv) sub-period D during which the magnitude of
the transistor cutput voltage remains substan-
tially constant at a relatively low icvel; sub-
period D having a fourth duration; sub-period
D preceeding a next sub-period A; and

(b) with the sum of the fourth duration and the first
duration being designated as a complete half-
cycle-duration, having a transistor current flow-
ing between the transistor output terminals only
during & certain part of cach complete half-
cycle-duration; the magnitude of the transistor
current increasing during most of said certain

part.
48. An arrangement comprising:
2 source operative to provide an AC power line volt-
age between @ pair of AC terminals;
2 gas discharge lamp having a pair of lamp terminals;
and

a power conditioning circuit having: (i) power input
terminals connected with the AC terminals, and (i)
power output terminals connectable with the lamp
terminals; the power conditioning circuit being
functional, as long as the lamp terminals are indeed
connected with the power output terminals, to
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properly power the gas discharge lamp; the power
conditioning circuit being further characterized by:
(a) including 2 transistor having a pair of transistor
output terminals across which exists a transistor

20
(b) having a transistor current periodically flowing
between the transistor output terminals; the tran-
sistor current, during times when indeed flow-
ing, having 2 magnitude that changes in 2 unidi-

output voltage whose magnitude varies in accor- 5 rectional manner, thereby having either alwaysa
dance with a periodic waveform; the periodic positive slope or always a ncgative slope.
waveform having a fundamental period consist- 51. A combination comprising:
ing of four sub-periods: a source providing a supply voltage at a pair of socket
(i) sub-period A during which the magnitude of terminals in an ordinary Edison-type lamp socket;
the transistor output valtage increases at a first 10 and
rate; sub-period A having a first duration; an assembly characterized by including:
(i) sub-period B during which the magnitude of (a) a fluorescent lamp having a pair of lamp termi-
the transistor output voltage remains substan- s
tially constant at & relatively high level; sub- (b) a base having a pair of base terminals and being
period B having & second duration; 15 adapted to be screwed into said Edison-type
{iii) sub-period C during which the magnitude of lamp socket, thereby for the base termingls to
the transistor output voltage decreases at & make electrical connection with the socket ter- .
second rate; sub-period C having 2 third dure- minals; the base being further characterized by:
tion; and (i) including a threaded portion, and (ii) by hav-
{iv) sub-period D during which the magnitude of 20 ing & maximum diameter not larger than about
the transistor ontput voltage remains substan. 2.5 times the maximum diameter of the threaded
tially constant at a relatively low level; sub- portion;
period D having a fourth duration; sub-period (c) inverter circuit connected between the base
D preceeding 2 next sub-period A; and terminals and the lamp terminals; the inverter
(b) having & forward transistor cusrent flowing 23 circuit being disposed within the base and opers-

between the transistor output terminals, but sub-
stantially only during a certain fraction of sub-
period D,

49. The arrangement of claim 48 wherein said certain

tive, by drawing power from the base terminals,
to provide an alternating current to the lamp
terminals; the frequency of the alternating cur-
rent being substantially higher than the fre-

fraction is distinctly Jower than 90 percent of the dura- 30
tion of a complete half-cycle of the periodic waveform;
which duration is defined as being equal to the sum of
the fourth duration and the first duration.

quency of the supply voltage.
52, A combination comprising:
a source providing a supply voltage at a pair of socket
terminals in an ordinary Edison-type lamp socket;

50. An arrangement comprising:

and

a source operative to provide an AC power line volt- 3§ an assembly characterized by including:
age between a pair of AC terminals; (2) a fluorescent lamp having a pair of lamp termi-
a gas discharge lamp having a pair of lamp terminals; nals;
and (b) 2 basc having a pair of base terminals and being
a power conditioning circuit having: (i) power iriput adapted 1o be screwed into said Edison-type
terminals connected with the AC terminals, and (ii) 40 lamp socket, thereby for the base terminals to
power output terminals connectable with the lamp make electrical connection with the socket ter-
terminals; the power conditioning being functional, minals;
as long as the lamp terminals are indeed connected (c) inverter circuit connected in circuit between
with the power output terminals, to propesly the base terminals and the lamp terminals; the
power the gas discharge lamp; the power condi- 435 inverter circuit being dispased within the base
tioning circuit being farther characterized by: and operative, by drawing power from the base
{a) including & transistor having a pair of transistor terminals, to provide an alternating current to
output terminals across which exists & transistor the lamp terminals; the frequency of the alternat-
output voltage whose magnitude varies in accor- ing current being substantially higher than the
dance with a periodic waveform; the periodic 50 frequency of the supply voltage; the waveform
waveform having a fundamental period consist- of the alternating current being substantially
ing of four sub-periods: sinuscidal
(i) sub-period A during which the magnitude of £3. An arrangement comprising:
the transistor output voltage increases at a first a source providing a supply voltage at a pair of sup-
rate; sub-period A having a first duration; 55 ply terminals;
(ii) sub-period B during which the magnitude of a gas discharge lamp having a pair of lamp terminals;
the transistor output voltage remains substan. and
tially constant at a relatively high level; sub. an assembly of electronic components connected in
period B having a second duration; circuit between the supply terminals and the lamp
(ifi) sub-period C during which the magnitude of &0 terminals; the assembly being operative, by draw-
the transistor output voltage decreases at & ing power from the supply terminals, to provide 2
second rate; sub-period C having a third durs- periodically alternating current to the lamp termi-
tiom; and nals; the frequency of the alternating current being
(iv) sub-pericd D during which the magnitude of substantially higher than the frequency of the sup-
the transistor ovtput voltage remains substan- 65 ply voltage; the assembly being further character-

tinlly constant at a relatively Jow level; sub-
period D having a fourth duration; sub-period
D preceeding 2 next sub-period A; and

fzed by including a transistor throngh which flow
periodic current pulses and across which exist peri-
odic voltage pulses; each current pulse being char-
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acterized, siarting at a certain point in time, by

decreasing over a first span of time from a certain

initial magnitude to a near-zero magnitude, remain-
ing at said near-zero magnitude for 2 duration equal

10 at Teast half the period of the alternating current; 5

each voltage pulse being characterized, starting at

said certain point in time, by increasing over a

second span of time from & near-zero magnitude 10

a certain maximum magnitude, remaining at the

certain maximum magnitude for a distinct period of 10

time; the first span of time being distinctly shorter

than the second span of time.

54, The arrangement of claim 53 wherein the second
span of time is at least twice as long as the first span of
time. 15

S5. The arrangement of claim 53 wherein the magni-
tude of the voltage across the iransistor never exceeds
the certain maximum magnitude.

56. The arrangement of claim 53 wherein the distinct
period of time is at jeast as long as the second span of 20
time.

57, A combination comprising:

a source providing an AC supply voltage at a peir of
socket terminals in an ordinary Edison-type lamp
socket; and 25

an assembly characterized by including:

(2) 2 fluorescent lamp having lamp terminals;

(b) a base having base terminals and being adapted
to be screwed into said Edison-type lamp socket,
thereby for the base terminals to make electrical 30
connection with the socket terminals;

(c) inverter circuit connected between the base
terminals and the lamp tenminals; the inverter
circuit being disposed within the base and opera-
tive, by drawing power from the base terminals, 35

50

33

22

to provide an alternating current to the lamp
terminals; the frequency of the elternating cur-
rent being substantially higher than the fre-
quency of the supply voltage; the inverter circuit
being further characterized by having a pair of
DC terminals across which exists a DC voliage
of gbsclute magnitude distinctly higher than the
peak sbsolute magnitude of the AC supply volt-
age.

58. The arrangement of claim §7 wherein the inverter

circuit is further characterized by including two transis-
tors series-connected across the DC terminals,

59, A combination comprising:

a source providing a supply voltage at a set of socket
terminals in an ordinary Edison-type lamp socket;
and

an assembly characterized by including:

{2) a flucrescent lamp having lamp terminals;

(b) 2 base having base terminals and being adapted
to be screwed into said Edison-type lamp socket,
thereby for the base terminals to make electrical
connection with the socket terminals; and

(c) an assembly of electronic components ¢OR-
pected in circuit berween the base terminals and
the lamp terminals; the assembly being disposed
within the base and operative, by drawing power
from the base terminals, to provide an alternating
current to the lamp terminals, thereby to canse
the fluorescent lamp to ignite even though cone
nected with only two of the lamp's terminals; the
frequency of the alternating current being sub-
stantially higher than the frequency of the supply
voltage.
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. DESCRIPTION OF THE PREFERRED
SERIES-RESONANT INVERTER BALLAST EMBODIMENT

Instant application is a continvation of Ser. No.

07/798,868 filed Nov. 25, 1991, now abandoned; which 3

is a continuation of Ser. No. 07/357,797 now abandoned
filed May 30, 1989; which is a continuation-in-part of
Ser. No. 07/020,478 filed Mar. 2, 1987, now U.S. Pat.
No. 4,857,806; which is a continuation-in-part of Ser. .
No. 06/262,542 filed May 5, 1981, now U.S. Pat. No.
4,895,943 which is a division of Ser. No. 06/178,107
filed Aug. 14, 1980, now U.S. Pat. No. 4,902,516.
Instant application is also a continuation-in-part of

Ser. No. 07/717,860 filed Jun. 19, 1991, now U.S. Pat. 15

No. 5,166,578,

Instant applicetion is also a continuation-in-part of
Ser. No. 07/743,216 filed Aug. 9, 1991, now U.S. Pat.
No. 5,164,637.

Instant application is also 2 continuation-in-part of 20

Ser. No. 07/887,417 filed May 21, 1992, now U.S. Pat.
No. 5,214,356,
Instant application is also a continuation-in-part of

Ser. No. 07/995,229 filed Oct. 1, 1992, now U.S. Pat. 2

No. 5,233,270

FIELD OF INVENTION
Tostant invention relates to inverter-type fluorescent

lamp ballasting means operable 10 be powered from an 44

ordinary electric utility power line.
SUMMARY OF THE INVENTION
Objects of the Invention

An object of the present invention is that of providing 3%

s relisble cost-effective fluorescent lamp ballasting
means.

This as well as other objects, features and advantages

of the present invention will become apparcnt from the m

following description and claims.

BRIEF DESCRIPTION
In its preferred embodiment, instant invention com-

prises a half-bridge inverter powered from an ordinary 45

electric utility power line by way of a full wave rectifi-
er-filter means. The high frequency squarewave voltage
output of the inverter is loaded with a series-combina-
tion of a tank inductor and a tank capacitor, with a

fluorescent lamp being connected in parallel with the 30

tank capacitor. The ON-time (or forward conduction
period) of each of the iverter’s two transistors is
shorter than half the period of the high frequency volt-
age; thereby manifestly preventing the two transistors

from conducting simultaneously; thereby, in turn, pro- 33

tecting the inverter from self-destruction in case of Jamp
failure.
BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 schematically illusirates a compact, screw-in,
self-ballasted fiuorescent lamb assembly constructed on

basis of the preferred embodiment of the invention
FIG. 2 is a schematic diagram of the preferred em-

bodiment of the invention. 65

FIGS. 3(a—d) illustrates the waveforms of various
voltages and currents associated with the ballssting
circait of FIG. 2.

FIG. 1 iNustrates a screw-in gas discharge lamp unit
10 comprising a folded flvorescent lamp 11 sccured o
an integral base 12. The lamp comprises two cathodes
13, 14 which are supplied with the requisite high operat-
ing voliage from a frequency-converting power supply
and ballasting circuit 16; which, because of its compact

0 size, conveniently fits within base 12.

Circuit 16 is connected by leads 17, 18 to a screw-
type plug 19 adapted for screw-in insertion into a stan-
dard Edison-type incandescent lamp socket at which
ordinary 120 Volt/60 Hz power line voltage is aveil-
eble.

In FIG. 2, a power supply 23 is connected with the

. 120 Volt/60 Hz power line voltage and provides a cen-

ter-tapped DC output voltage for supplying a high-effi-
ciency half-bridge inverter circuit 24, The inverter cir-
cuit is operable to provide a high-frequency (20-30
kHz) high-magnitude current-limited voliage to & load
26, which actually represents fluorcscent lamp 11 of
FIG. 1.

Power supply 23 comprises bridge rectifier 27 which
connects with 120 Volt/60 Hz power line terminals 28,
29 and provides full-wave rectified power line voltage
to two series-connected filter capacitors 34, 36; which
filter capacitors are: i) connected together at a center-
tap 37, and ii) connected between & positive B+ bus 38
and a ncgative B- bus 39.

Inverter circuit 24 is a half-bridge inverter compris-
ing transistors 42, 43 connected in series between the
B+ bus and the B— bus. The collector of transistor 42
is connected 1o B-+ DUS 38, the emitter of transistor 42
and the collector of transistor 43 are connected to a
midpoint line 44 (“M™), and the emitter of transistor 43
is connected to the B— bus 39,

Midpoint Jine 44 is connected 1o ceater-tap 37
through a primary winding 46 of a toroidal saturable
core transformer 47, a primary winding 48 on an identi-
cal transformer 49, a tank inductor 51 (L) and 2 series-
connected tank capacitor 52 (C) Inductor 51 and capec-
itor 52 are energized upon elternate transistor conduc-
tion in manner to be described later. Load 26 is con-
nected in parailel with capacitor 52.

Drive current to the base terminals of transistors 42
43 is provided by secondary windings 53, 54 of trens-
formers 47, respectively. Winding 53 is also connected
to midpoint line 44 through a bias capacitor 56, while
winding 54 is connected to the B— bus 39 through au
identical biss capacitor 57. The base terminals of transis-
tors 42 and 43 arc also connected to lines 38 and 44
throngh 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-emitter
terminals of transistor 43 to restrain the rate of voltsge
rise across those terminals.

A first optional biasing arrangement BA1 comprisesa
diode 69 connected with its cathode to the base of tran-
sistor 42 and with its anode to the cathode of a diode 71
by way of a resistor 78; the anode of diode 71 is con-
nected with the emitter of transistor 42 by way of a
resisior 12; the cathode of diode 71 is connected with
the un-dotted side of secondary winding 53 of trans-
former 49. A second optional biasing arrangement BA2
comprises a diode 73 connected with its cathode 1o the
base of transistor 43 and with its anode to the cathode of
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a diode 75 by way of a resistor 74; the anode of diode 78
is connected with the emitter of transistor 43 by way of
& resistor 76; the cathode of diode 76 is connected with
the un-dotted side of secondary winding 54 of trans-
former 47.

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

Starting at & point where transistor 42 first starts to
conduct, current flows from the B4 bus 38 through
windings 46 and 48 and inductor 51 to charge capacitor
52 and returns 1o the B+ bus through capacitor 34
{refer 10 the time period designated I in FIG. 3). When
the saturable transformer 49 saturates at the end of
pericd I, drive current to the base of transistor 42 will
terminate, causing voltage on the base of the transistor
to drop to the negative 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 1.

However, since the current flowing through inductor
51 cannot change instantaneously, this current will now
continue to flow from the B— bus 39 through capacitor
68, eventually causing the voltage at midpoint line 44 to
drop to the voltage level on the B— bus (period II in
FIG. 3). Thus, capacitor restrains the rate of voltage
change across the collector and emitter terminais of
transistor 42.

20

25

30

The curremt through inductor $1 reaches its mexi-

mum value when the voltage at midpoint line 44 is zero.
During period IIT the current will continue to flow
throogh inductor 51 but will be supplied from the B--
bus through shunt diode 67. It will appreciated that
during the latter half of period I¥ and 2ll of period I,
positive current is being drawn from a negative voltage;
which, in reality, means that energy is being returned to
the power supply through a path of relatively low impe-
dance.

‘When the inductor current reaches zero at the start of
pericd 1V, the current through the primary winding 46
of the saturable inductor 47 will cause a current to flow
out of secondary winding 54 to causc transistor 43 to
become conductive, thereby causing a reversal in the
direction of current through inductor 51 and capacitor
52, When transformer 47 saturates at the end of period
TV, the drive current to the base of transistor 43 termi-
nates and the current through inducter 51 will supplied
through capacitor 68, causing the voltage at midpoint
44 to rise (Period V). When the voltage at the midpoint
line M reaches the voltage on the B4 bus, the current
will then flow through shunt diode 66 (period V1), The
cycle is then repeated.

As seen in FIG. 3, saturable transformers 47, 49 pro-
vide transistor drive current only after the current
through inductor 51 has diminished to zero. Further,
the the transistor drive current is terminated before the
current through inductor has reached its maximum
amplitude, This coardination of base drive current and
inductor current is achieved because of the series-con-
nection between the inductor 51 and the primary wind-
ings 46, 48 of saturable trensformers 47, 49, respec-
tively.

The series-connected combination of inductor 51 and
capacitor 52 is energized upon the alternate conduction

33
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of transistors 42 and 43. With a large value of capaci-
tance of capacitor 52, very little voltage will be deve!-
cped across its terminals. As the value of this capaci-
tance is decreased, however, the voltage across this
capacitor will increase. As the value of capacitor 52 is
reduced to achicve resonance with inductor 51, the
voltage on the capacitor will rise and become infinite in
8 loss-free circuit operating under ideal conditions.

It has been found desirable to regulate the transistor
inversion frequency, determined meinly by the satura-
tion time of saturable transformers 47, 49, to be equal to
or higher than the natural resonance frequency of the
inductor ana capacitor combination in order to provide
2 high voltage output to external load 26.

Due 0 so-called Q-multiplication, a high-magnitude
voltage develops across capacitor $2 as the transistor
inversion frequency approaches the natural resonance
frequency of one series-combination of inductor 51 and
capacitor 52.

When inverter circuit 24 is vsed in the self-ballasted
fluorescent lamp of FIG. 1, it hes been found that the
inversion frequency may be about equal to the natural
resonance frequency of the series L-C tank cirenit con-
sisting of inductor 51 and capacitor 52. However, if the
capacitance value of capecitor 52 is reduced below the
point of resonance, unacceptably high trensistor cur-
rents will result and transistor burn-out will oocur.

The sizing of capacitor 52 is determined by the partic-
ular application of inverter circuit 24; but, as long as the
combined load presented to the output of inverter tran-
sistors 42, 43, has an effective inductance value suffi-
cient to provide adeguate cnergy storage for seif-sus-
tained transistor inverter action, the current-feedback
provided by saturable transformers 47, 49 will effect
aliernate transistor conduction withoot the need for
additional voltage-feedback.

Because the voltages across transistors 42, 43 are
relatively low (due to the absolute voltage-clamping
effect to capacitors 34, 36), the half-bridge inverter 24 is
very reliable. The absence of switching transients mini-
mizes the possibility of transistor burn-out.

Inverter circuit 24 comprises means for supplying
reverse bias to the conducting transistor upon saturation
of its associated saturable transformer. For this purpose,
capacitors 56 and 57 are charged to negative voltages as
a result of reset currents flowing into secondary wind-
ings 53, 54 from the bases of transistors 42, 43, respec-
tively. This reverse current rapidly turns off a conduct-
ing transistor to increase its switching speed and to
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 Volt for transistors typically used in high-voltage
inverters. '

Since load 26 comprises a fluorescent lamp, the maxi-
mum magnitude of the voltage across capacitor $2 will
be limited by the lamp's ignition and operating charac-
teristics, thereby effectively preventing voltages across
inductor 51 and capacitor 52 from ever reaching de-
structive levels.

The above-presented explanation of the operation of
the FIG. 2 inverter circuit was based on the two biasing
arrangements {BA1 and BA2) being non-connected.

With these biasing arrangements actually connected
as indicated, the inverter's operation will become inde-
pendent of the exact magnitudes of the transistors’ base-
emitter Zenering voltages. Instead, the megnitude of
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the negative bias voltage established on each of eapaci-

tors 56 and 57 can now be chosen by choice of resis- .

tance value of resistor 72 and/or resistor 76: the lower
the 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 magnitudes of
the inverter’s output current and power.

By providing for means whereby the resistance val-
ues of resistors 72 and 76 can be manually adjusted (in
tandem and/or individually), the power provided to the
fluorescent lamp may be correspondingly adjusted: the
lower the resistance values, the more power provided
to the Jamp.

Maoreover, due to the negative feedback effect inher-
ently provided by resistors 72 and 74, the inverter may
be made to operate safely even with the fluorescent
lamp being non-connected.

—

]

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 mag-
nitudes of the currents drawn out of capacitors 56 and
57 increase correspondingly; which, in turn, increases
the magnitudes of the negative bias voltages present on
these capacitors to the point where the magnitudes of
the currents fiowing through resistors 72 and 76 equal
those of the increased base currents. However, the in-
creased negative bias voltages will inherently shorten
the transistors’ ON-times; which, in turn, will increase
the inverter frequency, thereby reducing the inverter's
output current; etc. In other words, the indicated bias-
ing arrangements provide for an avtomatic self-limiting
of the magnitude of the inverter’s output current.

Additional Explanations and Comments

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 permit fluorescent lamp 11to
be disconnectable from its base 12 and ballasting means
16. However, if powered with normal line voltage with-
out its lamp load connected, frequency-converting
power supply and ballasting circuit 16 is apt to self-
destruct.

To aveid such self-destruction, arrangements can
readily be made whereby the very act of removing the
Joad automatically establishes & situation that prevents
the possible destruction of the power supply and ballast-
ing 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 sbove a few kHz, the loam repre-
sented by a fluorescent lamp—once it is ignited—is
substantially resistive. Thus, with the voltage across
lamp 11 being of 2 substantially sinvsoidal waveform (as
indicated in FIG. 3d), the current through the lamp will
also be substantially sinusoidal in waveshape.

d) Tn the fluorescent lamp unit of FIG. 1, fluorescent
lamp 11 is connected with power supply and ballasting
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circuit 16 in the exact same manner as is load 26 con-
nected with the circuit of FIG. 2. That s, it is connected
in parallel with the tank capacitor (52) of the L-C series-
resonant circuit. As is conventional in instant-start fluo-
rescent lamps—such as lamp 11 of FIG. 1—the two
terminals 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 from a lamp’s
power supply and ballasting means need only be made
with one of the terminals of each cathode.

€) It is noted that the transistor's ON-time is shorter
than half the period of the inverter’s high frequency
squarewsve voltage output; which voltage output is
illustrated by F1G. 3A.

The fact that each of the transistors’ ON-times is
shorter than half the period of the inverter's high fre-
quency output voltage (or output current) is important:
it inherently provides for a situation where the two
transistors are manifestly prevented from conducting at
the same time, thereby providing protection egainst
circuit failure due to excess-magnitude transistor cur-
rents.

f) By adjusting the resistance values of resistors 72
and/or 76, the ON-times of the associated 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 e result, the
magnitude of the current provided to the Joad 26 is
reduced.

g) Itis thought that the present invention and many of
its attendant sdvantages will be understood from the
foregoing description and that many changes may be
made in the form and construction of its components
parts, the form described being merely a preferred em-
bodiment of the invention.

I claim: ’

1. A lamp assembly operable to be inserted into and
held by an ordinary Edison-type lamp socket; the lamp
socket having socket electrodes at which is provided an
AC power line voltage; the lamp assembly comprising:

a gas discharge lamp having lamp terminals;

base means operable to be inserted into and held by

the Edison-type lamp socket; the base means hav-

ing base electrodes operable to make electrical
contact with the socket clectrodes; the base means
also including & combination of:

(a) rectifier means connected with the base elec-
trodes and operative, whenever the base means is
indeed inserted . into the Edison-type lamp
socket, to provide a DC voltage at a set of DC
terminals;

(b) inverter means connected with the DC termi-
nals and operative to provide an inverter voltage
from a pair of itiverter terminals; the inverter
voltage having a fundamental period consisting
of four time segments: (i) a first time segment
during which the magnitude of the inverter volt-
age remains at a first substantially constant level,
(i) a second time segment during which the
magnitude of the inverier voltage increases in a
substantially gradual manner, (iif) 2 third time
segment during which the magnitude of the in-
verter voltage remsins at a third substantially
constant Jevel, and (iv) a fourth time segment
during which the magnitude of the inverter volt-
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age decreases in a substantially gradual manner;
the inverter means including: (i) 2 first transistor
characterized by conducting current during the
first time segrment but not during more than half
of the second time segment, nor during any other
tirne, and (ii) a second transistor characterized by
conducting current during the third time seg-
ment but not during more than half of the fourth
time segment, nor during any other time; the
duration of the first time segment being: (i) ap-
proximately equal to that of the third time seg-
ment, and (ii} distinctly shorter then half the
duration of the fundamental period;

(c) current-limiting means connected between the
inverter terminals and a pair of output terminals;
and

(d) connect means operative to connect the output
terminals with the lamp terminals.

2. The lamp assembly of claim 1 wherein the first
transistor is characterized by having a pair of control
terminals across whick is applied a control voltage
having & peak-to-peak magnitude substantially larger
than twice the forward voltage drop of an ordinary
semiconductor junction.

current in its forward direction during at least a
significant part of each of the second and fourth
time segments;

{c) current-limiting means connected between the
inverter terminals and 2 pair of output terminals;
and

{d) connect means operative to connect the ontput
terminals with the lamp terminals.

6. A lamp assembly adapted $o be inserted into and

10 held by an ordinary Edison-type lamp socket; the lamp

13

3. The lamp assembly of claim 1 wherein the inverier 25

voltage has a peak-to-peak magnitude equal to the mag-
nitude of the DC voltage.

4. The lamp assembly of claim 1 wherein the two
transistors are series-connected across the DC termi-
nals.

5. A lamp assembly operable to be inserted into and
held by an ordinary Edison-type lamp socket; the lamp
socket having socket electrodes at which is provided en
AC power line voltege; the lamp assembly comprising;

a gas discharge Jamp having lamp terminals; and

base means operable to be inserted into and held by

the Edison-type lamp socket; the base means hav-
ing baese electrodes operable to make electrical
contact with the socket electrodes; the base means
also including a combination of:

(a) rectifier means connected with the base elec-
trodes and operative, whenever the base means is
indeed inserted into the Edison-type lamp
socket, to provide a DC voltage at a set of DC
terminals;

{b) inverter means connected with the DC termi-
nals end operative to provide an inverter voltage
from a pair of inverter terminals; the inverter
voitage having a fundamental period consisting
of four time segments: (i) & first time segment
during which the magnitude of the inverter volt-
age remains at & first substantislly constant level,
(ii) & second time segment during which the
magnitude of the inverter voltage increases in a
substantially gradual manner, (iif) a third time
segment during which the magnitude of the in-
verter voltage remains at a third substantiaily
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constant level, and (iv) a fourth time segment .

during which the magnitude of the inverter volt-
age decreases in a substantially gradual manner;
the inverter means including a first trensistor
characterized by conducting current in its for-
ward direction during the first time segment; the
duration of the first time segment being: () ap-
proximately equal to that of the third time seg-
ment, and (ii) distinctly shorter than half the
duration of the fundamental period; the first
transistor being operative to prevent the flow of

60
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socket having socket electrodes at which is provided an
ordinary AC power line voltage; the lamp assembly
comprising:

2 gas discharge Jamp having two lamp terminals; and

base means operable to be inserted into the Edison-

type lamp socket; the base means having base elec-
trodes operable to make electrical comtact with the
socket electrodes; the base means including fre-
quency-converting ballast means connected in cir-
cuit between the base electrodes and the lamp ter-
minals; the ballast means being operative to pro-
vide an AC voltage to the lamp terminals; the bal-
last means being characterized by including s peri-
odically conducting first transistor having: () 2 pair
of control input terminals receiving a control sig-
pal, and (i) a pair of output terminals across which
exists  periodically varying transistor voltage; the
periodically varying transistor voltage being char-
acterized by having a fundamental period-consist-

- ing of four time segments: (i) a first time segment
during which the magnitude of the transistor volt-
age remains at a first substantially constant level,
(i) a second time segment during which the magni-
tude of the transistor voliage increases in a substan-
tially gradual manner, (iif) a third time segment
during which the magnitude of the transistor volt-
age remains at a third substantially constant level,
and (iv) a fourth time segment during which the
magnitude of the transistor voltage decreases in a -
substantially gradual manmer; the transistor com-
ducting current in its forward direction during at
least part of the first time segment but not during
most of the second time segment.

7. The lamp assembly of claim 6 wherein the control
signal has a peak-to-peak magnitude distinctly larger
than twice the forward voltage drop of an ordinary
semiconductor diode junction. . '

8. The lamp assembly of claitn 6 wherein the duration
of the first time scgment is distinctly shorter than half
the duration of the fundamental period.

9, The lamp assembly of claim & wherein to current
flows through the first transistor during any part of the
fourth period.

10, The lamp assembly of claim 6 further character-
ized by including: (i) a pair of terminals across which
exists 8 DC voliage; and (ii) a second transistor series-
connected with the first transistor to form a series-com-
bination, which series-combination being connected
across the DC terminals.

11. A lamp assernbly adapted to be inserted into an
held by an ordinary Edison-type lamp socket; the lamp
socket having socket electrodes at which is provided an
ordinary AC power line voltage; the lamp assembly
comprising:

# gas discharge lamp having lamp terminals; and

base means operable to be inserted into and held by

the Edison-type lamp socket; the base mcans in-
cluding base electrodes opersable 1o make electricsl
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conlact with the socket electrodes; the base means
also including a sub-assembly connected in circuit
between the base electrodes and the lamp termi-
nals; the sub-assembly being functional, as long as
the base electrodes do indeed make electrical
contact with the socket electrodes, to provide a
lamp AC voltage to the lamp terminals; the fre-
quency of the lamp AC voltage being distinetly
higher than that of the AC power line voltage; the
sub-assernbly being further characterized by in-
cluding: (i) a pair of DC terminals across which
exists a DC voltage; and (i) two periodically con-
ducting transistors series-connected across the DC
terminals. .

12. The lamp assembly of claim 11 wherein the base
means is further characterized in that the absolute mag-
nitude of the DC voltage is distincly higher than the
peak absolute magnitude of the AC power line voltage.

15

13. The lamp assembly of cleim 11 wherein the gas .,

discharge lamp includes plural parallel-disposed cylin-
drically-shaped lamp-segments protruding out from the
base means and is further characterized by not having
any non-translicent object mounted in between the
cylindrically-shaped sections.

14. The lamp assembly of claim 11 wherein: (i) the
base means includes a cylindrically-shaped screw-type
plug; and (i) the gas discharge lamp includes at least
one cylindrically-shaped lamp-segment having its cylin-
drical axis disposed paraliel to the cylindrical axis of the
cylindrically-shaped screw-type plug.

15. The lamp assembly of claim 11 wherein the base
means includes a housing structure onto one side of
which is mounted the gas discharge lamp and onto the
opposite side of which is mounted a cylindrically
shaped screw-type plug screwed into the lamp socket;
the screw-type plog having (i) & cylindrical axis, and ()
2 maximum screw-base diameter; the cylindrical axis
constituting an axis of symmetry for the base means;
which base means further characterized by having &

23
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maximum diameter no larger than about 2.5 times the
meximum screw-base diameter,

16. A lamp assembly operable 10 be inserted into and
held by an ordinary Edison-type lamp socket; the lamp
socket having socket electrodes at which is provided an
AC power line voltage; the lamp assembly comprising:

a pas discharge lamp having Jamp terminals; and

base means operable to be inserted into and held by

the Edison-type lamp socket; the base means hav-
ing base electrodes operable to make electrical
contact with the socket electrodes; the base means
also including 2 combination of:

(2) rectifier means connected with the base clec-
trodes and operative, whenever the base means is
indeed inserted into the Edison-type lamp
socket, to provide a DC voltage beiween a pair
of DC terminals;

(b} inverter means connected with the DC termi-
nals and operative to provide an AC inverter
voltage from a pair of inverter terminals; the AC
inverter vollage having a fundamental cycle
petiod; the AC inverter voltage being further
characterized by being of frequency distinetly
higher than that of the AC power line voltage;
the inverter means including a first transistor
characterized by conducting current in its for-
ward direction for but a brief period once during
each fundamental cycle period; the duration of
the brief period being distinctly shorter than half
the duration of the fundamental cycle period.

17. The lamp assembly of claim 16 further character-
ized in that the inverter means includes a second transis-
tor series-connected with the first transistor to form a
series-combination, which series-combination is con-
nected across the DC terminals.

18. The lamp assembly of claim 16 further character-
ized in that the absclute magnitude of the DC voltage is
distinctly higher than the peak absolute magnitude of
the AC power line voltage.

L]
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57 ABSTRACT

An invener-type electronic ballast for a gas discharge lamp
is powered by a DC supply voltage provided from a rectifier-
filter combination connected with an ordinary electric utility
power line. The sbsolute magnitude of the DC supply
voltage is higher than the peak absolutc magnitude of the
power line voltage. The ballest includes an inventer circuit
operative to provide an inverter output vohage of special
trapczoidal-like waveshape; which onput voltage is applied
to a series-resonant combination of an inductor and 2
capacitor. The gas discharge lamp is connected in paraliel
with the capacitor, The inverter is driven by & voltage of
special waveshape and controllable frequency, By control-
ling the frequency, the magnitude of the current supplied to
the gas discharge lamp can be adjusted, thereby correspond-
ingly adjusting the amount of light produced by the lamp.

32 Claims, 3 Drawing Sheets

No. 4,279,011,
(51] Int. CL® HOSB 37702
[52) U.S. CL .. 3157209 R; 315/219; 315/223;
315/239
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ELECTRONIC BALLAST WITH SPECIAL thereby giving rise to u power factor of about 90%. How-
VYOLTAGE WAVEFORMS ever, by frequency-modulating the first inverter at 120 Hz,
the waveshape of the line current is made to be substantially
RELATED APPLICATIONS that of @ sinewave in phase with the power linc voliage,

The present application is a continuation of Ser. No.
©7/751,587 filed Aug. 22, 1991; which is a continuation of
Ser. No. 07/546,267 filed Jun. 29, 1990; which is & continu-
ation-in-pan of Ser. No, 06/787,962 filed Oct. 16, 1985, now
U.S. Pat No. 4,700,625 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;

Application Ser. No. 07/751,587 is also 2 continuation-
in-part of Ser. No. 07,717,860 filed Jun. 19, 1991 now U.S.
Pat. No. 5,166,578 which is a continuaiion 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 continuation of Ser. No. 06/644,135
filed Aug. 27, 1984, now sbandoned; whichisa continuation
of Ser. No. 06/555,426 filed Nov. 23, 1983, now sbandoned,
which s a continuation of Ser. No. 06/178,107 filed Aug. 14,
1980, now abandoned.

Application Ser. No, 06/555,426 is also a continuation-
in-part of Ser. No. 06/330,599 filed Dec. 14, 1981, now U.S.
Pat. No. 4,441,087; which is a continuation of Ser. No.
973,741 filed Dec. 28, 1978, now sbandoned; which is a
continuation-in-part of Ser. No. 890,586 filed Mar. 20, 1978,
now U.S. Pat. No. 4,184,128,

Application Ser. No. 06/178,107 is also a continuation-
in-part of Ser. No. 23,849 filed Mar. 26, 1979, now U.5. Pat,
No. 4,279,011,

BACKGROUND OF THE INVENTION

Field of Invention

This invention relates lo electronic ballast circuits for gas
discharge lamps.

SUMMARY OF THE INVENTION

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

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

BRIEF DESCRIPTION

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

The first tuned L-C circuit, which is serics-resonant 8t
about 30 XHz, is parallel-loaded by a full-wave high-fre-
quency rectifier whose DC output is applied 10 a substan-
ially constant-magnitude DC voltage existing across & pair
of energy-storing capacitors.

At a constant 30 kHz invener frequency, the waveshape
of the current drawn from the power linc is substantially that
of a squarcwave in phase with the power line voltage,
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thereby giving rise to & power factor close to 100% and &
total harmonic distortion of negligible magnitude.

A second half-bridge invener is powered from the sub-
stantally constant-magnitude DC voltage and provides at a
second inverter output (across which is series-connected &
second tuned L-C circuit) a second squarewave voltage of
findamental frequency between about 30 and 33 kHz,

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

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 schematically illustrates a compact, screw-in,
self-ballasted Auorescent lamp assembly; which lamp
assembly may advamageously comprise the type of ballast-
ing means represented by the present invention.

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

FIGS. 3(a—d) illustrate the waveforms of various voliages
and currents associated with the ballasting circuit of F1G. 2.

FIG. 4 illustrated the preferred embodiment of the preseat
invention. .

FIGS. 5(a-i) illustraie various voltage and current wave-
fortms associated with the operation of the preferred embodi-
ment of the present invention.

DESCRIPTION OF THE INVENTION

FIG. 1 ilustrates & screw-in gas discherge lamp unit 10
comprising a folded fluorescent lamp 11 suitably secured to
an integral base 12. The Jamp comprises two cathodes 13,14
which are supplied with the requisite high operating voliage
from & frequency-converting power supply and ballasting
circuit 16; which, because of ils compact size, convemieatly
fits within the base 12,

Circuit 16 is connected by leads 17, 18 to 2 screw-type
plug 19 adapted for screw-in insertion into a standard
Edison-type incandescent lamp socket at which a typical 60
Hz.

1n 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-cfficiency half-
bridge inverter circit 24, The inverter circuit is operable 10
provide & high-frequency fe.g.. 30 kHz) high-magnitude
current-limited voltage 10 an external load 26, which actu-
ally represents fluorescent lamp 11 of FIG. L.

Power supply 23 comprises bridge rectifier 27 which
connects with 120 Voit/60 Hz power line terminals 28,29
and provides full-wave roctified power line voltage to two
scries-connected filter capacitors 34, 36; which filter capaci-
tors are: {i) connecied together at a center-lap 37, and (ii)
connected belween positive B+ bus 38 and negative B— bus
3.

Inverter circuit 24 is a half-bridge inverter comprising
transistors 42, 43 connected in series across the DC voliage
output of the power supply 23 on B+ and B-lines 38and 39,
respectively. The coliector of transistor 42 is connected to
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the B+ line 38, the emitter of transistor 42 and the collector
of transistor 43 are connected 1o a midpoint line 44 (desig-
nated “M") and the emitier of transistor 43 is connected to
the B~ linc 39.

Midpoint tine 44 is connected to center-tap 37 through
primary winding 46 of a toroidal saturable core transforrner
47, a primary winding 48 on an identical transformer 49, an
inducior §1 and a series-connected capacitor 52. The induc-
tor 51 and capacitor 52 are energized upon altemale tran-
sistor conduction in a manner to be described later. Load 26
is connected in paralle] with capacitor 52.

Drive current to the base terminals of ransistors 42 and 43
is provided by secondary windings 53, 54 of transformers
49, 47, respectively. Winding 53 is slso 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. Shunt diodes 66 and 67 are connected
across the collector-citier terminals pf transistors 42 and
43, tespectively. A capacilor 68 is connecled across the
collector-emitier termunals of transistor 43 to sestrain the
rate of voltage rise across those terminals.

A first optional binsing amangement BA1 comprises 2
diode 69 connecied with its cathode to the basc of iransistor
42 end with f1s anode to the cathode of a diode 71 by way
of a resistor 70; the anode of diode 71 is connected with the
cmitter of transistor 42 by way of a resistor 72; the cathode
of diode 71 is connected with the un-dotted side of second-
ary winding 53 of transformer 49. A second optional biasing
amangement BA2 comprises & diode 73 connecied with its
cathode to the base of transistor 43 and with its anode to the
cathode of a diode 7§ by way of a resistor 74; the anode of
diode 76 is connected with the emitter of transistor 42 by
way of a resistor 72; the cathode of diode 71 is connecied
with the un-dotted side of secondary winding $4 of trans-
former 47.

Details of Operation of the FIG. 2 Circull

The operation of the circuit of FIG. 2 can best be
undersiood with additional reference to FIG. 3, which ilius-
trates significant portions of the waveforms of the vohiage &t
midpoint M (FIG. 3A), the base-emilter vollage on transistor
42 (FIG. 3B), the current through tansistor 42 (FIG. 3C),
and the capacitor 52 volage and the inductor 51 current
(FIG. 3D).

Starting 8L a paint where transistor 42 firsl siarts to
conduct, current flows from the B+ Tine 38 through windings
46 and 4% and inductor §1 to charge capacitor 52 and returns
to the B+ line through capacitor 34 (refer 10 the time period
designated 1 in FIG. 3). When the saturable inductor 49
saturates at the end of period 1, drive current to the base of
transistor 42 will terminate, causing voltage on the base of
the tansistor to drop to ihe negative voltage stored on the
bias capacitor 56 in & manners to be described, causing this
transistor to becomne non-conductive. As shown in FIG. 3¢,
current-flow in transistor 43 terminates &t the end of period
L

However, since the current fiowing threugh inductor 51
cannot change instantaneously, this current will now con-
tinue to flow from the B— bus 39 through capacitor 68,
eventuatly causing the voitage at midpoint line 44 10 drop 10
the voltage level of the B— bus (period I in FIG. 3). Thus,
capacitor 68 restrains the rate of vollage change across the
collector and eminer terminals of transistor 42,
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The current through the inductor §1 reaches its maximum
value when the voltage al the midpoint line 44 is zero,
During period III, the current will continue to flow through
inductor 51 bul will be supplied from the B— bus through the
shont diode 67. It will be appreciated that during the latter
half of period I and all of period I, positive current isbeing
drawn from a negative voltage; which, in reality, means that
energy is being returned to the power supply through a path
of relatively low impedance. :

When the inductor current reaches zero at the stan of
period TV, the current through the primary winding 46 of the
saturable inductor 47 will cause a current to flow out of its
sccondary winding 54 to cause iransisior 43 to become
conductive, thereby causing a reversal in the direction of
current through inducter 51 and capecitor 52. When trans-
former 47 saturates at the end of period IV, the drive current
to the base of transistor 43 terminates and the current
through inductor 51 will be supplied through capacitor 68,
causing the voltage at midpoint line 44 to rite (period V).
When the voltage at the midpoint line M reaches the voliage
on the B+ bus, the current will then flow Lhrough shunt diode
66 (period VI). The cycle is then repeated.

As seen in FIG. 3, the saturable inductors 47, 49 provide
transistor drive current only after the current through induc-
tor 51 hes diminished to zero, Fusther, the transistor drive
current is terminated before the current through inductor 1
has reached ils maximum amplitude. This coordination of
base drive current and inductor current is achieved because
of the series-conncction between the inductor 51 and the
primary windings 46, 48 of saturable transformers 47, 49,
respectively.

The series-connecied combination of the inductor $1 and
the capacitor 52 is cnergized upon the altemate conduction
of transistors 42 and 43. With a large value of capacitance of
capacitor 52, very litfle voltage will be developed across its
terminals. As the valoe of this capacitance is decreased,
however, the vollage across this capacitor will increase. As
the value of the capacitor 52 is reduced 1o achieve resonance
with the inductor 51, the voltage on the capacitor will rise
and become infinite in & loss-free circuit operating under
jdeal conditions.

It has been found desirable to regulate the transistor
inversion frequency, determined mainly by the saturation
tme of the saturable inductors 47, 49, to be equal to or
higher than the natural resenance frequency of the inductor
and capacitor combination in order to provide & high voltage
outpul lo external ioad 26.

Due to so-called Q-multiplication, a high-magnitude voli-
age develops across capacitor 52 as the transistor inversion
frequency approaches the namral resonance-frequency of
the series-combination of inductor 51 and capacitor $2.

When inverier circuit 24 is used in the seif-baliasted
fluorescent lamp of FIG. 1, it has been found that the
inversion frequency may be aboul equal 1o the namral
resonance frequency of the series L-C tank circuit consisting
of inductor 51 and capacitor 52. However, if the capacitance
value of capacitor 52 is reduced below the point of reso-
nance, unacceptably high transistor currents will result and
transistor burm-out will occur.

The sizing of capacitor 52 is determined by the panicular
application of inverter circuit 24; but as long as the com-
bined load (i.c., as rcpresented o the output of inverter
transistors 42, 43) has an effective inductance value suffi-
cient to provide adequate energy storage for sclf-sustained
\ransistor inverier action, the current-feedback provided by
salrable transformers 47, 49 will effect alternate transisior
conduction without the necd for additional voltage feedback.
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Because the voltages across lransistors 42, 43 are of
relatively low magnitude (due to the absolute voltage-
clamping effect of capacitors 34, 36), the half-bridge
inverter 24 is very reliuble, The absence of swilching
transients minimizes the possibility of transistor burn-out.

Inverter circuil 24 comprises means for supplying reverse
bias to a conducting transisior upon saturalion of its asso-
ciated saturable wransformer. For this purpose, capacitors 56,
§7 are charged to negative voltages es 2 result of reset
currents fowing into secondary windings 53, 54 from the
bases of transistors 42, 43, respectively. This reverse current
rapidly s off a conducting transistor lo increase its
switching speed and to achieve high inverter switching
efficiency.

When 2 transistor base-cmitter junction is reversely
biased, it exhibits the characteristics of a Zener diode,
having & reverse breakdown (i.e., Zenering) voltage on the
order of 8 to 14 Volt for transistors \ypically used in
high-voliage inverters.

Since liad 56 comprises a fluorescent lamp, the maximum
magniiude of e vollage across capacitor 52 will be limited
by the lamp’s ignition and operating characteristics, thereby
effectively preventing voltages across inductor 51 and
capacitor $2 from ever reaching destructive levels.

The above-presenied explanation of the operation of the
F1G. 2 inverter circnit was based on the two biasing arrange-
ments (BA1 and BA2) being non-connected.

With these biasing arrangements actually cormected as
indicated, the inverter’s operation will become independent
of the exact magnilude of the transistors’ base-emitter
Zenering voltages. Instead, the magnitude of the negative
bias vohage established on each of capacitors 56 and 57 can
now be chosen by choice of resistance value of resisior 72
and/or resistor 76: the lower the resistance value, the lower
the magnitude of the associated negative bias voliage; and,
in torn, the longer the ransistors’ ON-time, the lower the
inverter's self-oscillating frequency, and the higher the mag-
nitudes of the inverier's output 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 fluorescent
lamp may be corrcspondingly adjusted: the lower the resis-
1ance 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 operalc safely even with the fluorescent lamp being
non-connected.

This negative feedback effect is due to the fact that, a3 the
magnitude of the current fiowing 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 tum, increase the magnitudes of the
negative bias voliages present on these capacitors 10 the
point where the magnitudes of the currents flowing through
resistors 72 and 76 cqual those of the increased base
currents. However, the increased negative bias voltage will
inherenily shorien the transistors’ ON-times; which, in turn,
will increase the inverter frequency, thereby reducing the
inverier’s output current; eic. In other words, the indicated
biasing arrangements provide for an automatic self-limiting
of the magnitude of the inverter's output cerreat.

Additional Comments re the FIG. 2 Circuit

(a) With commonly available components, inverter circuil
24 can be made 10 operate cfficiently at any {requency
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between o 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 1o 30 kHz.

{b) The fuorescent lighting unit of FIG. 1 could be tmade
in such manner as to permit fluorescent lamp 11 to be
disconnectable from its base 12 and ballasting means 16.
However, if powered with normal line voliage without its
lamp load connected, frequency-converting power supply
and ballasting circuit 16 is apt to self-destruct.

To avoid self-destruction, arrangements can readily be
made whereby the very act of removing the load automati-
cally establishes a situation that prevenis the possible
destruction of the power supply and the ballasiing means.
For instance, with the tank capacitor (52) being permanently
conniected with the lamp Joad (11)—thereby automatically
being removed whenever the lamp is removed—the inverter
circuil is protecied from self-destruction.

() At frequencies above a few kHz, the load represented
by a fiverescent lamp—once it is ignited—is substantiatly
resistive. Thus, with the voltage across lamp 11 being o2 2
substantially sinusoidal waveform (as indicated in FIG. 34),
the cument through the lamp will also be subsiantially
sinusoidal in waveshape.

{d) In the fluorescent lamp unit of FIG. 1, fiucrescent {amp
11 is connected with power supply and ballasting circuit 16
in the exact same manner as is load 26 connected with the
circuil of FIG. 2. That is, it is connected in parallel with the
tank capacitor (52) of the L-C series-resonant circuit. As is
conventional in instant-stant fiuorescent lamps—such 8s
jamp 11 of FIG. 1-~the two terminals from each cathode are
shorted together, thereby to constitute a situation where cach
cuthode 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 of a lamp’s power supply and bal-
lasting means need only be made with one of the terinals
of each cathode.

{e) It is noted thal the transistor’s ON-time is shorter than
half the period of the inverter’s high frequency squarewave
voltage 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 ouput
voltage (or output current) is important: it inherently pro-
vides for a situation where the two transistors are manifcstly
prevented from conducting at the same time, thercby pro-
viding protection against circuit failure due 10 excess-mag-
nitude transistor currenis.

() By adjusting the resistance values of resistors 72
andfor 72, the ON-times of the associated transistors are
adjusied accordingly, For instanoe, by increasing the resis-
wance value of resistor 76, the ON-time associated with
transistor 43 is shoriened; and, as a result, the magnitude of
the current provided to the load 26 is reduced.

Details of Construction of the Preferred
Embodiment

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

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

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

A transistor Qla is connected with its collector to the DC+
bus and with its emitter to a junction bus JB1, a transistor
Q1b is cojnected with its collector to junction bus JB1 and
with its emitter to the DC— bus. A commutating rectifier
CR1a is connected with its cathode to the DC+ bus and with
jits anode to junction bus JB1; a commuiating rectifier CR1&
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 CTla and CT1J, respectively, are series-con-
nected belween junctions Jx and junction bus JB1.

Secondary winding CTlas of transformer CTla is con-
nected between the base of wransistor Q1a and the cathode of
a diode D1a2, whose anode is connected with junction bus
JBI via e resistor R1a2. A diode D1al is connected with its
cathode 1o the base of transistor Qla and with its anode to
the cathode of diode D1a2 via a resistor Rlal. A resistor
Rlz is connected between the DC+ bus and the base of
iransistor Qla. A bias capacitor BCla is connected beiween
the cathode of diode D1a2 and junction bus JB1.

Secondary winding CT1bs of transformer CT1k is con-
nected between the base of ransistor Q16 and the cathode of
a diode D152, whose anode is connected with the DC— bus
via a resistor R1b2. A diode D151 is connected with its
cathode to the base of transistor Q1b and with its anode to
the cathode of diode D152 via a resistor R1b1. A resistor
R1b is connected between junction bus JB1 and the base of
transistor Q1b. A bias capacitor BC1k is connccted between
the cathode of diode D152 end 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 1o junction J1
and with its anode to & B— bus.

An energy-storing capacitor ESCa is connected between
2 junctien Je and the B+ bus, junction Je being connecied
with jupction Jdc; un energy-storing capacilor ESCb is
connected between junction Je and the B bus,

A wank capacitor C2 is connected between junction Je and
4 junction J2; a tank inductor is connected between junction
12 and & junction Jy.

A transistor Q2a is connected with iis collector to the B+
bus and with its emitter to & junction bus JB2; a transistor
Q2b is connected with its collector to junction bos JB2 and
with its emitter to the B— bus. A commutating reciifier CR2a
is connecied with its cathode 1o the B+ bus and with its
anode to junction bus JB2; a commutating rectifier CR2b is
connected with its cathode to junction bus JB2 and with its
anode to the B— bus,

Primary windings CT2ap and CT2bp of saturable corrent
wransformers CT2a and CT2b, respectively, are series-con-
nected belween junction Jy and junction bus JB2,

Secondary winding CT2as of transformer CT2a is con-
necled between the base of transistor Q2a and the cathode of
a diode D2a2, whose anode is connected with junction bus
JB2 via a resisior R242. A diode D241 is connected with its
cathode 1o the base of transistor Q2a and with its anode to
the cathode of diode D242 via 2 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 cathede of diode D2a2 and junction bus JB2.
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Secandary winding CT2bs of transformer CT25 is con-
nected between the base of transistor Q26 and the cathode of
a diode D252, whose anode is connected with the B— bus via
& resistor R282. A diode D201 is connected with its cathode
to the base of transistor Q2b and with ils anode to the
cathode of diode D252 via a resistor R2b1. A resistor R2b is
connected between junction bus JB2 and the base of ran-
sistar Q2b. A bias capacitor BC2b is connecied between the
cathode of diode D252 and the B— bus.

An suxiliary winding AW is wound as & loosely coupled
secondary winding on tank inductor L2 and comnected
between the B— bus and an output terminal OTL. A DC
blocking capacitor BC is connected between junciion J2 and
&n output terminal OT2, ;

Also wound on tank inductor L2 are four cathode wind-
ings CW; which four cathode windings are connecied with
corresponding pairs of cathode terminals of three series-
connected fluorescent lamps FL1, FL2 and FL3; which three
fluorescent lamps are series-connected across output lermi-
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 diode
D1b2; which inverter control means consists of: (i) a photo-
sensitive resistive means PSRM connccted between the
gnode of diode D152 and the DC— bus; and {{i) a light-
emitting means LEM, such es a light-emitting diode (or
LED), connected in scries with a control resisior CR
between the DC- bus and the DC+ bus. Light-emitting
means LEM is so positioned and arranged that its light
ocutput impinges on a light-receptive part of photo-sensitive
resistive means PSRM.

The half-bridge inverier with Qla and Q1) as its switch-
ing transistors is identified as power-factor-comrecting
inverter PFCI; and the half-bridge inverter with Q2a and
Q2b as its switching transistors is identified as ballast
inverter BL

Details of Operation of the Preferred Embodiment

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

With reference to the waveforms of FIG. S 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 Volt/60 Hz power linc voltage supplied from source S;
(b) represents the corresponding DC  voltage present
between the DC— bus and the DXC+ bus; (€) represents the net
current provided via high-speed rectifiers HSRa and HSRb
to energy-storing capacitors ESCa and ESCh; {(d) represents
the current drawn from the DC output of bridge rectifier BR;
and (¢} represents the weveform of the current drawn from
source S. Waveform (f) represents the current that would be
drawn from source S in case the light from light-emitting
means LEM were to be kept at 2 constant intensity, such as
would occur if a filter capacitor were 10 be connected
thereacross.

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

In case of the PECI inverter, the load constitutes the
substantially constant-magnitude DC voliage present across
energy-storing capacitors ESCa and ESCh; in case of the BI
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invener, the principal load consiinttes the three series-
connected fiuorescent lamps FL1, FL2 and FL3.

In the overall operation of the circuit of FIG. 4, the PFCI
inverter continually charges the two energy-sioring capaci-
tors (ESCa/ESCb), while the Bl inverter continually dis-
charges these same eDETEY-SLOTing capacitors. Thus, the
magnitude of the DC voltage across these energy-storing
capacitors will stebilize 2t a point where the average rale of
capacitor-charging equals the average rete of capacitor-
discharging. -

While the average tate of capacitor-charging is essentinlly
fixed for & given magnitude of the vollage supplied by the
source (S), the average rate of capacitor-discharging
increases with increasing magnitude of the DC voltage
present across the energy-storing capecitors (i.e., between
the B- bus and the B+ bus).

Absent any control by inverter control means ICM, a
basic characteristic of the serigs-driven parallel-loaded PRCI
inverter powering & constant-voltage-megnitude load, such
a5 indeed represented by capacitors ESCa/ESCh, is that the
instantaneous magnitude of the cument provided to this load
will be roughly proportional to the instantaneous magnitude
of the DC vollape powering the inverter. Thus, absent
control, the magnitude of the charging current supplied to
capacitors ESC/ESCh will very in proporiion with the
magnitude of the DC voltage present between the DC- bus
and the DC+ bus.

However, another basic characteristic of the PFCl invener
is thal, with a constant-magnitude DC voltage present
between the DC~ bus and the DC+ bus, the magnitude of the
charging current supplied 1o capacilors ESCa/ESCh i
roughly proportional 10 the conductance of photo-sensitive
resistive means PSRM; which, in tumn, is roughly propor-
vional 1o the amount of light emitted from light-emiuing
means LEM; which, in tum, is roughly propenional to the
magnitude of the cument flowing through light-emitling
means LEM; which, in turn, is roughly proportional to 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 proportional to the instantaneous
magnitude of the DC voltage present between the DC~ bus
and the DC+ bus, the instantaneous magnitude of the charg-
ing current supplied to capacitor ESCa/ESCh will be
roughly proportional to the square of the instantaneous
magnitude of that DC yoltage.

As an overall consequence, the instantaneous magnitude
of the cur rent drawn by the PFC] inverter will be roughly
proportional to the instantaneous magnitude of the DC
voltage present between the DC— bus and the DC+ bus;
which is to say that the insianiancous magnitude of the
current drawn from the power line (i.c., source S) will be
proponional o the instantaneous magnitude of the voltage
provided from the power line; which, in turn, provides for
the power drawn from the power line by the circuit arrange-
ment of FIG. 4 to exhibit a power facior close to unity (i.c.,
100%). Moreover, the waveform of the current drawn from
the power line will exhibit an exceptionally low degree of
harmonic distortion.

In effecting its conrol action, inverier control means ICM
causes both symmetry-modulation and frequency-modula-
tion of the inverter output voltage provided between junction
Jdc and junction Jx. As illustrated by FIG. 5(g), this inverter
output voltage is e nearly symmetrical squarewave of a
cenain frequency {about 30 kHz) whenever the instanta-
neous magnitude of the DC voltage between the DC- bus
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and the DC+ bus is at ils maximum (about 170 Volt).
However, with the instantaneous magnitude of this DC
voltage being about half its maximum, the inverter output
vollage—as illustrated by FIG. S(h)—is a clearly esym-
metrical squarewave, Moreover, its frequency is pow 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 asym-
metrical and of still higher frequency.

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

Increasing frequency—other things being equal—pro-
vides for reduced-magnitude charging current 10 energy-
storing capacitors ESCA/ESCb. This is so for the reason that
the natural series-resonance-frequency of the L2-C2 wuned
circuil is below the invener's actual frequency

Increasing asymmetry—other things being cquai—also
provides for reduced-magnitude charging current to CneTgy-
storing capacitors ESC&/ESCb. This is so for the reason that
the magnitude of the fundamental frequency comporent of
the inverter’s outpul voltape decreases roughly in proportion
10 the degree of asymmetry.

As the degree of conductance of photo-sensitive resistive
means PSRM increases, the magnitude of the negative bias
voilage present across bias capacitor BC1b decreases; which
results in 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 auxiliary winding AW.

The phasing of the AW winding is such that the funda-
menial frequency component of the high-frequency voltage
provided at oulput terminal OT1 is substantislly out-of-
phase with the high-frequency voltage provided at output
terminal OT2. That way, the magnitode of the net voltage
provided across the three series-connected lamps is larger
than it would be if the lamps had been connecied directly
acvoss tank capacitor C2.

In case of ordinary F40 or F34 T-12 Rapid-Start fluores-
cenl 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-
cormected lamps.

To reduce potentially dengercus efeciric shock effects, as
might result from capacitive coupling directly from the glass
envelope of the fluorescent tube to the hand of a person
installing and/or removing the flvorescent lamps from their
sockets, it is imponant that the magnitude of the lamp’s arc
voltage be not much higher than about 200 Volt RMS (at
about 30 kHz) with respect 1o ground. If it were to exceed
this 200 Volt RMS magnitude, a person might receive &
potentially hazardons electric shock effect merely from
grabbing the fluotescent tube at a point where the potential
of the jonized 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 fluorescent plass tube is indeed maintained below
approximately 200 Volt RMS with respect to ground, in spie
of the fact that the three lamps require an operating voliage
of 300 Volt RMS magnitude. This result has been achieved
by way of the AW winding, whose output voltage—during
lamp operation—is about 100 Volt RMS with respect o the
B— bus; which, with respect 10 the 30 kHz inverter voliage,
is indsed at ground potential.

On the other hand, the magnitude of the voltage contrib-
uled by the AW winding should be as low as reasonably
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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 10 the case with
the vollage across the tank capacitor (C2)—the waveshape
of the vollage present across the tank inductor (1.2) includes
the full magnitude of the squarewave voltage provided at the
inverier's output (i.e., the voltege provided between junc-
tions Je and Jy).

With the DC voltage provided between the B—bus and the
B+ bus being of substantially constant magnitude, the lamp
cuarrent crest factor would be ebout 1.5 if the lamps were to
have been connected directly across the tank capacitor.
However, had the lamps instead been connected directly
across the 1ank inductor, the lamp current crest factor would
have been far in cxcess of 1.7; which is normally considered
the maximum permissible level for lamp current crest factor.
On the other hand, with only one third of the lamp voliage
derived from the tank industor voliape, and with the rematn-
ing twa thirds being derived from the tank capacitor voliage,
the net resulting lamp current crest factor is kept just below
1.7-~as is indeed the case in the arrangement of FIG. 4.

Additional Comments

{aa) The reason thet the AW winding is loosely coupled
with 10k inductor L2 is related 10 minimizing detrimental
effects on lamp curent crest factor due Lo powering the
lamps in part by the tank inductor voltage. By effectively
providing the tank inductor voliage to the fluorescent lamp
via & series inductance, the detrimental effects on lamp
current crest factor are indeed reduced. However, the same
result can be obigined by placing an inductor in series with
the fluorcscent lamps.

(ab) Light-emitting means LEM is likely not to be totaily
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 10 be 10tally linear with respect o its
effective conduclance versus amount of light received. In
addition, the symmetry-modulation and frequency-modula-
tion tesulting from changes in the conductance of the
photo-sensitive resistive means arc not likely to be tolally
linear.

However, it is not necessary that these various relation-
ships be totally lincar. Insicad, the largest part of the
sought-afier effect—namely power factor correction and
reduction of power line barmonics—will result even if the
various relationships be quite non-linesr.

Of course, by carefully selecting and matching the non-
linearities of the different effects, as wel! as by imroducing
various linearizing means, nearly any desired degree of final
power factor correction can be achieved.

(ac) The time constant associated with bias capacitor
BC1b and its associated charge leakage means—namely
resistor R152 and photo-sensitive resistive means PSRM—
st be Jong with respect to a complete cycle of the 30 kHz
invener frequency. However, this lime constanl should be
short compared with a complete cycle of the 120 Hz ripple
voltage on the DC voltage present between the DC- bus and
the DC+ bus.

(ad) The waveshape of the high-frequency current Howing
from tank capacitor €1 of FIG. 4 is subsiantially sinusoi-
dal— with the positive halves flowing though rectifier HSRa
and the negative halves flowing through rectifier HSRb.

{ae) The ebsolute instentancous magnitude of the high-
frequency current flowing from junction J1 and through
rectifiers HSRa and HSRb is—except for any imperfections

35

43

65

12

jn the HSRa/HSRb rectifiers—equal to that of the net DC
current flowing inlo energy-storing capacitors ESCe and
ESCb,

(af) The waveshape of the current flowing through the
three series-connected fluorescent lamps is also nearly sinu-
soidal; except that e modest degree of distortion is intro-
duced by the harmonics of the component of high-frequency
voliage provided by auxiliary winding AW. However, as
long as the magnitude of this component ia kept relatively
small compared with the magnitude of the voltage provided
from the tank capacitor—say, no higher than sbout 50%
thereof—the distortion of the lamp current is insufficient to
cause significant deterioration of the lamp current crest
factor.

{ag) Each of transistors Qla and Q1& (as combined with
their respective commutating rectifiers CR1a end CR1b)
acts as a rapidly operating ON-OFF switch—current flowing
through one or the other transisior, 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 instanianeous magnitade of the DC voltage
present between the DC- bus and the DC+ bus being
substentially equal 1o thai of the AC power line voltage
provided from soutce 8, the absolute magnitude of this bias
voltage varies synchronously with that of the AC power line
voltage; thereby, in turn, causing the effective ON-time of
transistor Q1b to vary synchronously with the absolute
magnitude of the AC power line voltage as well.

(ah) It is important that the natural rescnance frequencies
of the L1-C1 and the L2-C2 series-tuned circuits of FIG. 4
are Jower than {or at ieast not higher than) the operating {or
switching) frequencies of the PFCI and the BI inverters,
respectively.

(ai) I is belicved that the present invention and its several
attendant advaniages and features will be understood from
the prececding description. However, without departing
from the spirit of the invention, many changes may be made
in its form and i the sclection, construction and interrela-
tionships of is constituent parts, the form herein prescnied
merely representing the presently preferred embodiment.

1 claim:

1. An arrangement comprising:

rectifier device connected with a source of power line

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

& power conditioner connected with the DC terminalg and

operative to provide a kigh-frequency outpul voliage at
2 high-frequency outpnt; the high-frequency output
voltage having a fundamental frequency substantially
higher than that of the power line voltage; the power
conditioner including an inverter circuit conmected
between the DC terminals and the high-frequency
output; the inverter circuit being characterized by (i)
including a pair of altemelingly switching transisiors
series-connecied between the DC terminals, and (ii)
producing an alternating inverter voltage of non-sym-
melrical waveshape across a pair of inverter terminals;
the non-symmetrical waveshape having a complele
cycle period including: (i} & positive part during which
the magnitude of the inverter voliage remains sf an
approximately constant positive level; (ii} a negative
part during which the magnitude of the inverter vollage
remains at an approximaiely constant negative level;
{iii) a negative-going part during which the magnitude
of the inverter voltage changes rapidly from the posi-
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tive level to the negative level; and (iv) 2 positive-going
part during which the inverter voltage changes rapidly
from the negative level 10 the positive level; the dure-
tion of the positive part being, at least at cenain times,
distinetly different from the duration of the negative
part; the altemnating inverter voltage having, irmespec-
tive of the duration of the negative par as a fraction of
the duration of the positive part, an average magnitude
equal 10 zexo when averaged over the complete cycle
period; and

a gas discharge lamp assembly operative to connect with

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

2. The arrangement of claim 1 wherein the inverter circuit
includes a control sub-circuit operative, in response 0 &
control signal, to control the ratio between the duration of
the positive part and the duration of the negative parL

3. The arrangement of claim 1 wherein the inverier circait
includes a control sub-circuit operative, in response 10 &
contro! signal, to control the fundamental frequency of the
alternating inverier voltage.

4, The arrangement of claim 1 wherein the invener circuit
includes a control sub-circuit operative, in response to a
control signal, 1o conuol the fundamental frequency of the
alternating inverter voltage as well as the ratio between the
duration of the posilive part and the duration of the negative

S, The arrangement of claim 1 wherein the invener circnit
is characterized by including en L-C tuned circuit having a
natursl resonance frequency al or near the fundamental
frequency of the aliemating inverter voltage.

6. An arrangement comprising:

rectifier means connecied with a source of power line

voliage and operative to provide a DC voltage at 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 voliage having a fundamental frequency sub-
stantially higher than that of the power line voltage; the
power conditioner means including an inverier means
connected in circuit between the DC 1erminals and the
high-frequency output; the inverter means including a
first and a second transistor having, respectively, a first
pair and a second pair of control input terminals; the
first ransistor being periodically rendered conductive
in response to periodic voltage pulses provided at its
control terminals; cach individual voltage pulac having
a pulse duration; the inverter means being characterized
by producing an altemnating inverter voltage a pair of
invener terminals; the alternating inverter vollage hav-
ing a cycle period including: (i) a first part during which
the magnitude of the inverter voltage is of positive
polarity; and (ii) a second part during which the mag-
nitude of the inverter voltage is of negative polarity; the
duration of the second part being distinedy longer than
said pulse duration; and

gas discharge lamp means operative to connect with the

high-frequency output and Lo be pawered by the high-
frequency output voltage provided thereat.

7. The arrangement of claim 6 wherein the duration of the
second part is al least ten percent longer than said pulse
duration.

8, The arrangement of claim 6 wherein the second tran-
sistor is: (i) periodically rendered conductive in responas to
periodic voltage pulses provided &t its control terminals; and
(ii) prevented from being rendered conductive during limes
when the first transistor is conductive.
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45

63

14

9. An assembly comprising:

a rectifier sub-assembly having a pair of AC input termi-
nals operable 1o be connected with the AC power line
voltage of an ordinary clectric utility power line and,
when indeed so connected, to provide a DC voliage at
a set of DC output terminals;

an inverter sub-assembly having & set of DC input termi-
nals connected with the DC output terminals and opera-
live © provide a high-frequency outpnt voliage
between a pair of high-frequency output terminals; the
high-frequency output voliage having a fundamental
frequency subsiantially higher than that of the AC
power line volage; the inverter sub-assembly being
characterized by producing, across a pair of inverier
terminals, a periodically alienating inverter voliage
having a basic period consisting of: (i) a first segment
during which its magnitude remains approximately
comstant at a positive potential; (ii) a second segment
during which its megnitude decreases in & substantially
continuous manner; {iif) a third segment during which
ils magnitude remains approximately constant at a
negative potential; and (iv) a fourth segment during
which its magnitude increases in a substantially con-
Linuous manner;

a gas discharge lamp connected in circuit with the high-
frequency output terminals; the gas discharge lamp
having a pair of thermionic cathodes, cach having a pair
of cathode terminals; and

a screw-base having 2 peir of base terminals; the screw-
base, the rectifier sub-asscmbly, the invener sub-as-
sembly, and the gas discherge lamp being combined 30
as to constitule alamp assembly operable to be screwed
into and held by an ordinary electric Jamp socket,
ihereby to cause said AC power line voliage to be
applied to the base terminals.

10, The assembly of claim 9 wherein:

(8) the screw-base is characterized by having a standard

screw-base width, which is sbout onc inch; and

(b) the asserbly is characterized by having: (i) a maxi-

mum height not exceeding eight times the standard
screw-base width; and (ii) a maximum width not
exceeding three times the standard screw-base width.

11. The assembly of claim 9 further characierized by
having a capacitor effectively connected in paraliel with the
gas discharge lamp, thereby to form 2 lamp-capacitor par-
allel-combination.

12. The assembiy of claim 11 still further characterized by
having an inductor effectively connected in series with the
lamp-capacitor paraflel-combination; the inductor and the
capacitor being operative 10 resonantly interact at the fre-
quency of the high-frequency output voltage.

13. The assembly of claim 9 whercin the gas discharge
lamp: (i) has a pair of thermionic cathodes; and (if) is started
without having been provided with preheating power 1o the
thermionic cathodes.

14. The asscrubly of claim 9 wherin the gas discharge
Jamp: (i) has a thermionic cathode with a pair of cathode
\erminals; and {ii) is operated without being supplied with a
cathode heating vollage across its cathode terminals,

15. The asscmbly of claim 9 wherein the inverter sub-
assembly is further characterized by including a transistor
having & pair of transistor terminats through which flows a
periedic transistor current and across which exists a periodic
(ransislor voltage; the wransistor current flowing only during
periods when the absolute magnitude of the transistor volt-
age is substantially lower than that of the DC voltage.
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16, The assembly of claim 9 wherein the inverter sub-
assembly is further characterized by including a transistor
having a pair of transistor terminals through which periodi-
cally flows a transisior current and across which exists a
periodic transistor voltage; the transistor cument being pre-
vented from flowing except during periods when the abso-
lute magnitude of the transistor voltage is subsiantially
Jower than that of the DC voliage.

17. The assembly of claim 9 wherein: (i) the rectifier
sub-assembly 15 further characterized by having two capaci-
tors series-connected between the DC oulput terminals; and
(i) the inverter sub-assembly is further characterized by
having two transistors series-connecied between the DC
input terminals,

18. The assembly of claim 9 wherein the periodically
alternating inverier output voltage is characierized by having
a trapezoidal waveform.

19. The assembly of claim 9 wherein the duration of the
first segmeni is distincily shorter than half the duration of the
basic peried.

20. The assembly of claim 9 additionally characterized by
comprising a cylindrical housing means: (i} onto one side of
which is mounted the gas discharge lamp; (i) onto the other
side of which is mounted the screw-base; and (iii} within
which is mounted szid inverter sub-assembly.

21. An assembly comprising:

a rectifier & fitter sub-assembly mounted within a housing
means and having a pair of AC input terminals oper-
able, by way of & screw-base integrally mounted onto
the housing means and adapted to be screwed into an
Edison-type incandescent lamp socket, to be connected
with the AC power line vollage of an ordinary electric
utility power line and, when indeed so connected, 10
provide s DC voltage at a set of DC output terminals;

an inverter sub-assembly siso mounted, at Jeast in part,
within the housing means; the inverter sub-assembly
having a set of DC input terminals connected with the
DC output terminals and being operative to provide a
high-frequency output voltage between a pair of high-
frequency oulput terminals; the high-frequency output
voltage having a fundamenial frequency substantially
higher than that of the AC power line voliage; the
inverier sub-assembly being funher characterized by
preducing, across a pair of invenier erminals, & peri-
odically altemating inverler voltage having a basic
period consisting of: (i) a first segment during which jts
magnitude remeins essentially constant at a positive
potential; (ii) a second segment during which its mag-
nitude decreases in & substantially continuous manmer;
(i) a third segment during which its magnitude
remains essentially constant at & negative potential; and
(iv) a fourth segment during which ils magnitude
increases in a substantially continuous manner; and

a gas discharge lamp mounted onto the housing means;
the gas discharge Jamp being connected in circuit with
the high-frequency outpot terminals; the gas discharge
lamp being further characlerized by having a pair of
thermionic cathodes, each having a pair of cathode
terminals,

22. An assembly comprising:

a rectifier & flter sub-assembly mounted at least partly
within & cylindrical housing means and having a pair of
AC input terminals operable, by way of a screw-base
integrally mounted onto the cylindrical housing means
and adapted 1o be screwed into an Edison-type incan-
descent lamp sockst, to be connected with the AC
power line voltage of an ordinary electric utility power
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tine and, when indeed so connected, to provide a DC
voliage at a set of DC output terminals;

an inverter sub-assembly also mounted at least pardy
within the cylindrical housing means; the inverier sub-
assembly having a set of DC input terminals connecied
with the DC output terminals and operative io provide
a high-frequency output voltage between a pair of
high-frequency output terminals; the high-frequency
oulput voltage having a fundamental frequency sub-
stamially higher then that of the AC power line voltage;
the inverter sub-assembly being further characterized
by producing, across a pair of inverier terminals, a
periodically alternating invener voliage having a basic
period consisting of: (i) & first segment during which its
magnilude remeins roughly constant al a positive
potential; (i) a second segment during which its mag-
nitude decreases in 2 substantially continnous and
gradual manner; (iii) a third segment during which it
magnitude remains roughly constant at a negative
polential;, and (iv) a fourth segment during which ita
magnilude incrcases in a substantially continuons and
gradual manoer; and

a gas discharge Jamp mounted onto the cylindrical hous-
ing means; the gas discharge lamp being connected in
circuit with the high-frequency ocutput terminals; the
gas discharge lamp being funher characterized by
having a pair of thermionic cathodes, each having a pair
of cathode terminals.

23. An assembly comprising:

a first sub-assembly connecied with the AC power line
voltage of an ordinary electric utility power linc and
operative to provide 8 DC voltage at & pair of DC
output terminals;

a second sub-assembly having a first DC input terminal
and a second DC input terminal, both connected with
the DC output terminals; the second sub-assembly
including a first transistor connecicd between the first
DC input terming] and a center terminal, and & socomd
transistor connected between the center terminal and
the second DC input terminal; the second sub-asscmbly
being further characterized in that it provides a peri-
odically alternating output voltage across a pair of AC
output tcrminals, one of which AC output terminals
being the center terminal; the periodically aliernating
output voltage having a waveshape wilh a complete
cycle period consisting of: (i) & positive part during
which its instantaneous magnitade remains at an ¢ssen-
tially constant positive level; (if) a negative part during
which its instantaneous magnitude remains at an essen-
tially constant negative level; (iii) a negative-going part
during which its instamaneous magnitade changes rap-
idly from the positive level to the negative level; and
{iv) a positive-going part during which its instants-
neous magnitude changes rapidly from the negative
jevel to the positive level: the duration of the positive
part being, at least under some conditions, significantly
different from the duration of the negative part; and

a third sub-assembiy connected with the AC oulput ter-
minals and including a light-cmitting gas discharge
lamp.

24. The assembly of claim 23 edditionally characterized

by: (i) including a housing structure; {ii) having a screw-

base integrally mounted on the housing structure and pro-

truding therefrom, the screw-base being of such nature as o

permit it to be screwed into and beld by an Edison-type

incandescent lamp socket; (iii) having at least a part of the
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first sub-gssembly included within the housing structure; {iv)
having the Yight-emitting ges discharge lamp movnted on the
housing structure and protruding therefrom in a direction
substantially opposite of the direction along which the
screw-base protrudes; the gas discharge lamp being further

charactesized by having 8 pair of thermionic cathodes, each ‘

having a pair of cathode terminals.

25. The assembly of claim 23 additionally characterized
by: () including 2 housing structure; {ii) having B screw-
Yhase integrally mounted on the housing structure and pro-
truding therefrom, the screw-base being of such nature as to
permit it to be screwed into and held by an Edison-type
incandescent lamp socket; (iii) having at lcast a parl of the
second sub-assembly included within the bousing structure;
{iv) having the light-emituing gas discharge lamp mounted
on the housing means and protruding therefrom in a direc-
tion substantially opposite of the direction along which the
screw-base protrudes.

26. An assembly comprising:

a rectifier sub-assembly having a pair of AC input termi-
nals operable 10 be connecied with the AC power line
voliage of an ordinary eleciric utility power line and,
when indeed so connected, to provide a DC voltage at
2 set of DC output terminels;

an inverter sub-assembly having a set of DC input termi-
nals contiected with the DC output terminals and opera-
live to provide a high-frequency output voltage
between a pair of high-frequency output terminals; the
high-frequency output voltage having a fundamental
frequency substantially higher than that of the AC
power lin voltage, the inverter sub-assembly including
& transistor having & pair of transisior lerminals
between which flows a periodic transistor current and
across which exists a periodic transistor voltage; the
wransistor current flowing only when the absolute mag-
nitade of the transistor voltage is substantially lower
than that of the DC voltage; the inverier sub-assembly
being also characterized by producing, across 2 pair of
inverter terminals, a periodically alternating inverter
voltage having a basic period consisting of: (i) a first
segment during which its magnitude remains approxi-
mately constant at & positive potential; (i) a second
segment during which its magnitude decreases in a
substantially continuous manner; (jif) a third segment
during which its magnitude remains approximately
constant at & negative potential; and (iv) a fourth
scgment during which its magnitude incresses in &
substantially conlinuous mannet; and

a gas discharge lamp connecied in circuit with the high-
frequency output terminals.

27. The arrangement of claim 26 whercin the periodic
transistor cugrent fiows only during periods when the abso-
lute magnitude of the transistor voltage is lower than half
that of the DC voliage.

28. An assembly comprising:

a rectificr sub-assembly having a pair of AC input termi-
nals operable to be connected with the AC power line
voltage of an ordinary electric utility power line and,
when indeed so connected, to provide a DC voltage at
a set of DC output terminals;

an inverter sub-assembly having a set of DC input termi-
nals connected with the DC cutput terminals and opera-
tive to provide 2z high-frequency output volage
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between a pair of high-frequency output terminals; the
high-frequency output voltage having a fundamental
frequency substantilly higher than that of the AC
power line voliage; the invener sub-assembly including
4 transistor having a peir of transistor lerminals
between which flows a periodic wansistor current and
across which exists a periodic transistor voltage; the
inverter sub-assembly including circuitry operative 1o
prevent ransistor current from flowing except when the
absolute magnitude of the transistor voliage is substan-
tialty lower than that of the DC voltage; the inverter
sub-assembly being also characierized by producing,
across a pair of inverter terminals, & periodically alter-
nating inverter voltage having a basic period consisting
of: (i) a first segment during which its magnitade
1emains approximately consiant at a positive potential;
{i) a second segment during which its magnitude
decreases in 8 substantially continuous manner; (iii) a
third scgment during which its magnitude remains
approximately constant at a negative potential; and (iv)
a fourth scgment during which its magnitude increases
in a substantially continuous manner; and

a gas discharge lamp connected in circuit with the high-

frequency output terminals.

29. The errangement of claim 28 wherein the periodic
\ransisior carrent is prevented from flowing except when the
absolute magnitude of the transistor voltage is lower than
ha!f that of the DC voliage.

30, The assembly of claim 28 additionally characterized

* by: (i) comprising a screw-base; (ii) having the screw-base,

the rectifier sub-assembly, and the inverter sub-assembly
combined so as to constitute 8 lamp assembly operzble to he
screwed into and held by an ordinary eleciric Jamp socket;
and (i) having & pericdicelly conducting transistor with a
pair of contro} terminals across which exists an aliernating
control voliage having & peak-to-peak magnitude substan-
tially higher than twice the forward voltage drop of an
ordinary semiconductor junction.

31, The assembly of claim 28 additionally characterized
by: (i) comprising a screw-base; (ii) having the screw-base,
the rectifier sub-assembly, and the inverter sub-assembly
combined o as to constitute a lamp assembly operable to be
screwed into and held by an ordinary clectric lamp socker;
(iii) having a periodically cenducting transistor with &
transistor terminal; and (iv) exhibitng an clectrically con-
ductive path between the trensistor terminal and one of the
AC input terminals.

32. The assembly of ctaim 29 additionally characterized
by: (i) comprising a screw-base having & basc lcrminal
connecied with one of the AC input terminals and operative
to connecied with & terminal in an ordinary Edison-type
lamp socket; (i) having the screw-base, the rectifier sub-
assembly, and the inverter sub-assembly combined so a8 {0
constitule a lamp assembly operable (o be screwed imo and
held by an ordinary ¢lectric lamp socket; (iii) having a
periodically conducting tramsistor with a transistor terminal,
and (iv) exhibiting an electrically conductive path between
the wransisior terminal and at Jeast one the AC input termi-
nals,
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ELECTRONIC BALLAST WITH SPECIAL
VOLTAGE WAVEFORMS

RELATED APPLICATIONS

The present application is a continuation of Ser. No.
07/751,587 filed Aug. 22, 1991; which is a continuation of
Ser. No. 07/546,267 filed Jun. 29, 1990; which is a continu-
ation-in-part of Ser. No. 06/787,962 filed Oct. 16, 1985, now
U.S. Pat No. 4,700,625 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 & continuation of Ser. No.
06/178,107 filed Aug. 14, 1980, now abandoned;

Application Ser. No. 07/751,587 is also 2 continuation-
in-part of Ser. No. 07/717,860 filed Jun. 19, 1991 now u.s.
Pat. No. 5,166,578 which is a continuation of Ser. No.
{r7/636,246 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 continuation of Ser. No. 06/644,155
filed Aug, 27, 1984, now abandoned; whichisa continuation
of Ser. No. 06/555,426 filed Nov. 23, 1983, now abandoned;
which is & continuation of Ser. No. 06/178,107 filed Aug. i4,
1980, now abandoned.

Application Ser. No. 06/555,426 is also a continuation-
in-part of Ser. No. 06/330,599 filed Dec. 14, 1981, now U.S.
Pat, No. 4,441,087; which is a2 continuation of Set. No.
973,741 filed Dec. 28, 1978, now abandoned; which is a
continuation-in-part of Ser. No. 890,586 filed Mar. 20, 1978,
now U.S, Pat. No. 4,184,128,

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

Field of Invention

This invention relates to electronic ballast circuits for gas
discharge lamps.

SUMMARY OF THE INVENTION

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

BRIEF DESCRIPTION

In a preferred embodiment, instant invention comprises 2
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 output
(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 wned 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 a substan-
tially constant-magnitude DC voltage existing across a pair
of energy-storing capacitors.

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

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

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

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 schematically illustrates & compact, screw-in,
self-ballasted fluorescent lamp assembly; which lamp
assembly may advantageously comprise the type of ballast-
ing means represented by the present invention.

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

FIGS. }o~d) illustrate the waveforms of various voltages
and currents associated with the ballasting circuit of FIG. 2.

FIG. 4 illusirated the preferred embodiment of the present
invention. )

FIGS. 5(a-1) illustraie various voltage and current wave-
forms associated with the operation of the preferred embodi-
ment of the present invention,

DESCRIPTION OF THE INVENTION

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

Circuit 16 is connected by leads 17, 18 1o a screw-type
plug 19 adapted for screw-in insertion into a standard
Edison-type incandescent lamp socket at which a typical 60
Hz.

In FIG. 2, a power supply 23 is connected with the 120
Voli/60 Hz power line voltage and provides a center-tapped
DC outpul voltage for supplying a high-efficiency half-
bridge inventer circuit 24. The inverter circuit is operable 1o
provide a high-frequency (e.g.. 30 kHz) high-magnitude
current-limited voltage to an external load 26, which actu-
alty represents fluorescent lamp 11 of FIG. 1.

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

Inverter circuit 24 is a half-bridge inverter comprising
transistors 42, 43 connected in series across the DC voitage
output of the power supply 23 on B+ and B-- lines 38 and 39,
respectively. The collector of transistor 42 is connected o
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the B+ line 38, the cmitter of transistor 42 and the collector
of transistor 43 are connected to a midpoint line 44 (desig-
nated “M™) and the emitter of transistor 43 is connected to
the B-- line 39.

Midpoint line 44 is connected to center-tep 37 through
primary winding 46 of a toroidal saturable core transformer
47, a primary winding 48 on an identical transformer 49, an
inductor 51 and a series-connected capacitor 52. The induc-
tor 51 and capacitor 52 erc energized upen alternate tran-
sistor conduction in & manner to be described later. Load 26
is connected in parailel with capacitor 52,

Drive current to the base terminals of transistors 42 and 43
is provided by secondary windings 53, 54 of transformers
49, 47, respectively. Winding 53 is also connected 10 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 comnected to lines 38 and 44 through bias resistors 58
and 59, respectively. Shunt diodes 66 and 67 are connected
across the collector-cmitter terminals pf transistors 42 and
43, respectively. A capacitor 68 is connected across the
collector-emitier terminals of transistor 43 to restrain the
rate of voltage rise across those terminals.

A first optional biasing arrengement BA1 comprises a
diode 69 connecied with its cathode to the base of transistor
42 and with its anode 1o the cathode of a diode 71 by way
of a resistor 70: the anode of diode 71 is connected with the
emitter of transistor 42 by way of a resistor 72; the cathode
of diode 71 is connected with the un-dotted side of second-
ary winding 53 of wansformer 49. A second optional biasing
arrangement BA2 comprises a diode 73 connected with its
cathode to the base of transistor 43 and with its anode (o the
cathode of a diode 75 by way of a resistor 74; the anode of
diode 76 is connected with the emitter of transistor 42 by
way of a resistor 72; the cathode of diode 71 is connected
with the un-dotted side of secondary winding 54 of trans-
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 at
midpoint M (FIG. 3A), the base-emitter voltage on transistor
42 (FIG. 3RB), the current through transistor 42 (FIG. 30),
and the capacitor 52 voltage and the inductor 51 current
(FIG. 3D).

Starting &t a paint where transistor 42 first starts to
condugt, current flows from the B+ line 38 through windings
46 and 48 and inducior 51 to charge capacitor 52 and returns
to the B+ line 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 voliage on the base of
the transistor o drop to the negative voltage stored on the
bias capacitor 56 in a manner to be described, causing this
transistor to become non-conductive. As shown in FIG. 3¢,
current-fow in transistor 43 terminates at the end of period
L

However, since the current flowing through inductor 51
cannot change instantaneously, this current will now con-
tinue to flow from the B— bus 39 through capacitor 68,
eventually causing the voltage at midpoint line 44 to drop to
the voliage level of the B— bus (period 11 in FIG. 3), Thus,
capacitor 68 restrains the rate of voliage change across the
collector and emitter terminals of transistor 42.
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The current through the inductor 51 reaches its maximum
value when the voltage at the midpoint line 44 is zero.
During period TII, the current will continue to fiow through
inductor 51 but will be supplied from the B—bus through the
shunt diede 67. It will be appreciated that during the latter
half of period II and all of period I, positive current is being
drawn from a negative voltage; which, in reality, means that
energy is being returned to the power supply through a path
of relatively low impedance.

When the inductor current reaches zero at the start of
period TV, the current through the primary winding 46 of the
saturable inductor 47 will cause a cwrent to flow out of its
secondary winding 54 1o cause transisior 43 to become
conductive, thereby causing a reversal in the direction of
current through inductor 51 end capacitor 52. When trans-
former 47 saturates at the cnd of period IV, the drive current
to the basc of transistor 43 terminates and the current
through inductor 51 will be supplied through capacitor 68,
causing the voltage at midpoint line 44 to rise (peried V).
When the voltage at the midpoint line M reaches the vollage
on the B+ bus, the current will then flow through shunt diode
66 ({period VI). The cycle is then repeated.

As seen in FIG. 3, the saturable inductors 47, 49 provide
transistor drive current only after the curmrent through induc-
tor 51 has diminished to zero, Further, the transistor drive
current is terminated before the current through inductor 51
has reached its maximum amplitude. This coordination of
base drive current and inductor curreni 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-tonnected combination of the inductor 51 and
the capacitor 52 is energized upon the altcmats 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 value of this capacitance is decreased,
however, the voltage across this capacitor will increase. As
the value of the capacitor 52 is reduced to achieve resonance
with the inductor 51, the voltage on the capacitor will rise
and become infinite in & loss-free circuit operating under
ideal conditions.

1t has been found desirable to regulate the transistor
inversion frequency, determined mainly by the saturation
time of the saturable inductors 47, 49, to be equal to or
higher than the natural resonance frequency of the inductor
and capacitor combination in order to provide a high voltage
output to external ioad 26.

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

When inverter circuit 24 is used in the self-bailasted
fluorescent lamp of FIG. 1, it has been found that the
inversion frequency may be about equal to the natral
resonance frequency of the series L-C tank circuit consisting
of inductor 51 and capacitor 52. Howeves, if the capacitance
value of capacitor 52 is reduced below the point of reso-
nance, unacceptably high transistor cuments will result and
transistor burn-out will oceur.

The sizing of capacitor 52 is determined by the particular
application of inverter circuit 24; but as long as the com-
bined load (i.e., as represented to the output of inverter
transistors 42, 43) has an effective inductance value suffi-
cient to provide adequate energy storage for self-sustained
transistor inverter action, the current-feedback provided by
saturable transformers 47, 49 will effect altenate transistor
conduction without the need for additional voltage fecdback.
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Because the voltages across transistors 42, 43 are of
relatively low magnitude (due to the absolute voitage-
clamping effect of capacitors 34, 36), the half-bridge
inverter 24 is very reliable. The absence of switching
(ransients minimizes the possibility of transistor burn-cut.

Inverter circuit 24 comprises means for supplying reverse
bias to a conducting transistor upon saturation of its asso-
ciated saturable transformer. For this purpose, capacitors 56,
57 are charged to negative voltages as a result of reset
curents flowing into secondary windings 53, 54 from the
bases of iransistors 42, 43, respectively, This reverse current
rapidly tums off a conducting transistor to increase its
switching speed and to achieve high inverter switching
cfficiency.

When a transistor base-emitter junction is seversely
biased, it exhibits the characteristics of a Zener diode,
having a reverse breakdown (i.e., Zenering) voltage on the
order of B to 14 Volt for transistors typically used in
high-voltage inverters.

Since liad 56 comprises a fluorescent lamp, the maximum
magnitude of the voltage across capacitor 52 wili be limited
by the lamp’s ignition and operating characteristics, thereby
effectively preventing voltages 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 (BA1 and BA2) being non-connected.

With these biasing arrangements actually connected as
indicated, the inverter’s operation will become independent
of the exact magnitude of the transistors’ base-emitter
Zenering voltages. 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 the resistance value, the Jower
the magnitude of the associated negative bias voltage; and,
in turn, the longer the transisiors’ ON-time, the lower the
inverter's self-oscillating frequency, and the higher the mag-
nitudes of the inverter's output current and power,

By providing for means whereby the resistance values of
resistors 72 and 76 can be manually adjusied (in tandem
and/or individually), the power provided to the finorescent
lamp may be correspondingly 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 operaie safely even with the fluorescent lamp being
non-connected.

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 tum, increase the magnitudes of the
negative bias voltages 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, the increased negative bias voltage will
inherently shorten the transistors’ 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 self-fimiting
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
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between a few kHz to perhaps as high as 50 kHz. However,
for varjous well-known reasons (i.e., eliminating audible
noise, minimizing physical size, and maximizing efficiency),
the frequency acmally chosen for the Jamp unit of FIG. 1
was in the range of 20 to 30 kHz.

(b) The fluorescent lighting unit of FG. 1 could be made
in such manner as to permit fluorescent lamp 11 to be
disconnectable from its base 12 and ballasting means 16.
However, if powered with normal line voltage without its
lamp load connected, frequency-converting power supply
and ballasting circuit 16 is apt 1o self-destruct.

To avoid self-destruction, arrangements can readily be
made whereby the very act of removing the load automati-
cally establishes a situation that prevents the possible
destruction of the power supply and the ballasiing means.
For instance, with the tank capacitor (52) being permanently
connected with the lamp load (11)—thereby antomatically
being removed whenever the lamp is removed—the inverter
circuit is protected from seif-destruction.

(c) At frequencies above a few kHz, the load represented
by 2 fluorescent lamp—once it is ignited—is substantially
resistive. Thus, with the voltage across lamp 11 being oa a
substantially sinusoidal waveform (as indicated in FIG. 34),
the current through the lamp will also be substantially
sinusoidal in waveshape.

(d) In the fluorescent lamp unit of FIG. 1, flucrescent lamp
11 is connected with power supply and ballasting circuit 16
in the exact same manner as is load 26 connected with the
circuit of FIG. 2. That is, it is connected in parailel with the
tank capacitor (52) of the L-C series-resonant circuit. As is
conventional in instant-start finorescent lamps—such as
lamp 11 of FIG. 1—the two terminals from each cathode are
shorted together, thereby 10 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 instanl-start
operation—connection of a lamp’s power supply and bal-
lasting means need only be made with one of the terminals
of cach cathode.

(¢) It is noted that the transistor’s ON-time is shorter than
half the period of the inverter’s high frequency squarewave
voltage output; which voltage outpul is illustrated by FIG.
3A.

The fact that cach of the transistors’ ON-times is shorter
than half the period of the inverter’s high frequency output
voltage (or output current) is important: it inherently pro-
vides for a situation where the two transistors are manifestly
prevented from conducting at the same time, thereby pro-
viding protection against circuit failure due to excess-mag-
nitude trangistor currenits.

(f) By adjusting the resistance values of resistors 72
and/or 72, the ON-times of the associated transistors are
adjusted accordingly. For instance, by increasing the resis-
tance value of resistor 76, the ON-time associated with
transistor 43 is shortened; and, as a result, the magnitude of
the current provided to 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 bridge rectifier BR, whose DC output is applied
between a DC— bus and a DC+ bus.

A high-frequency filter capacitor HFCa is connccted
between 2 junction Jde and the DC+ bus; a high-frequency
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filter capacitor HFCb is connected between the DC— bus and
junction Idc.

A tank capacitor C1 is connected between junction Jdc
and 2 junction J1; a tank inductor L1 is connected between
junction J1 and a jonction Jx.

A transistor Qla is connected with its collector to the DC+
bus and with its emitter to a junction bus JB1; a transistor
Q1b is cojnected with its collector to junction bus JB1 and
with its emitter to the DC— bus. A commutating rectifier
CR1a is connected with its cathode to the DC+ bus and with
jls anode to junction bus JB1; a commutating rectifier CR1b
is connected with its cathode to junction bus JB1 and with
its anode to the DC— bus.

Primary windings CTlap and CT1bp of sawrable current
transformers CTla and CT1b, respectively, are series-con-
nected between junctions Jx and junction bus JBL.

Secondary winding CTlas of transformer CTla is con-
nected between the base of transistor Qla and the cathode of
a diode D1a2, whosc anode is connected with junction bus
JB1 via a resistor R142. A diode Dlal is connected with its
cathode to the base of transistor Qla and with its anode to
the cathode of diode D1a2 via a resistor Rlal. A resistor
Rla is connected between the DC+ bus and the base of
transistor Qla. A bias capacitor BCla is connected between
the cathode of diode D1a2 and junction bus JBL.

Secondary winding CT1bs of transformer CT1b is con-
nected between the base of transistor Q1b and the cathode of
a diode D152, whose anode is connected with the DC- bus
via a resistor R1b2. A dicde D1b1 is connected with its
cathode to the base of transistor Q1b and with its anode to
the cathode of diode D152 via a resistor R1b1. A resistor
R1b is connected between junction bus JB1 and the base of
transistor Q1b. A bias capacitor BC1& is connected between
the cathode of diode D152 and the DC- bus.

A high-speed rectifier HSRa is connected with its anode
to junction J1 and with its cathode 10 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 connecied
with junction Jdc; an energy-storing capacitor ESCb is
connected between junction Je and the B— bus.

A tank capacitor C2 is connected between junction Je and
4 junction JZ; a tank inductor is connected between junclion
12 and a junction Jy.

A transistor Q2a is connected with its collector to the B+
bus and with its emilter to a junction bus JB2; a transistor
Q2b is connected with its collector 1o 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 its
anode to junction bus JB2; a commutating rectifier CR2b is
connected with its cathode to 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 trensformer CT2a is con-
nected between the base of iransistor Q2a and the cathode of
a diode D2a2, whose anode is connected with junction bus
JB2 via a resistor R2a2. A diode D2ql is connected with its
cathode 10 the base of transistor Q24 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 D242 and junction bus JB2.
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Secondary winding CT2bs of transformer CT2) is con-
nected between the base of transistor Q2b and the cathode of
a diode D252, whose anode is connected with the B— bus via
a resistor R2b2. A diode D251 is connected with its cathode
to the hase of transistor Q2b and with its anode 1o the
cathode of diode D252 via a resistor R2b1. A resistor R2b is
connected between junction bus JB2 and the base of tran-
sistor Q2b. A bias capacitor BC2b is connected between the
cathode of diode D252 and the B— bus.

An auxiliary winding AW is wound as a loosely coupled
secondary winding on tank inducter L2 and comnected
between the B~ bus and an output terminal OT1. A DC
blocking capacitor BC is connected between junction J2 and
an output terminal OT2. :

Also wound on tank induetor L2 are four cathode wind-
ings CW; which four cathode windings are connected with
corresponding pairs of cathode terminals of three series-
connected fluorescent tamps FL1, FL2 and FL3; which three
fluorescent lamps are series-connecled across output 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 diode
D1b2; which inverter contro] means consists of: (i} a photo-
sensitive tesistive means PSRM connected between the
anode of diode D1b2 and the DC— bus; and (ii) a light-
emitting means LEM, such as a light-emitting diode (or
LED), connected in series with a control resistor CR
between the DC— bus and the DC+ bus. Light-emitting
means LEM is so positioned and arranged that its light
cutput impinges on 2 light-receptive part of photo-sensitive
resistive means PSRM.

The half-bridge inverter with Qla and (¥1b as its switch-
ing transistors is identified as power-factor-correcting
inverter PFCY: and the half-bridge inverter with Q2a and
Q2b as its switching transistors is identified as ballast
inverter BL.

Details of Operation of the Preferred Embodiment

The opcration the preferred embodiment of instant inven-
tion may best be understood when read with reference to
FIG. §; which illustraies various current and voltage wave-
forms associated with the operation of the circuil arrange-
ment of FIG. 4.

With reference to the waveforms of FIG. § 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 Volt/60 Hz power line voltage supplied from source §;
(b) represents the corresponding DC voltage present
between the DC— bus and the DC+ bus; (¢) represents the net
current provided via high-speed rectifiers HSRa and HSRb
to 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 curremt drawn from
source S. Waveform () represents the current that would be
drawn from source S in case the light from light-emiiting
means LEM were 0 be kept at a constant intensity, such as
would occur if a filter capacitor were to be commected
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-magnilude DC voltage present across
energy-storing capacitors ESCa and ESCb; in casc of the BI
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inverter, 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 PFCI
inverter continually charges the two encrgy-sioring capaci-
tors (ESCa/ESCh), while the BI inverter continuaily dis-
charges these same energy-storing capacitors. Thus, the
magnitude of the DC voltage across these energy-storing
capacitors will stabilize at a 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 capacilor-discharging
increases with increasing magnitude of the DC vohage
present across the energy-storing capacitors (i.c., between
the B— bus and the B+ bus).

Absent any control by inverter control means ICM, a
basic characteristic of the series-driven parallel-loaded PFCI
inverter powering 2 constant-voltage-magnitude load, such
as indeed represented by capacitors ESC2/ESCb, is that the
instantaneous magnitude of the current provided to this load
will be roughly proportional to the instantaneous magnitude
of the DC voliage powering the inverter. Thus, absent
control, the magnimde of the charging current supplied to
capacitors ESCa#/ESCb will vary in proportion with the
magnitude of the DC voltage present between the DC- bus
and the DC+ bus.

However, another basic characteristic of the PFCI inverter
is that, with a constant-magnitude DC voltage present
between the DC— bus and the DC+ bus, the magnitade of the
charging current supplied to capacitors ESCa/ESCh is
roughly proportional to the conductance of photo-sensitive
resistive means PSRM; which, in turn, is roughly propor-
tional 1o the amount of light emitted from light-emitting
means LEM,; which, in turn, is roughly proportional 10 the
magnitude of the carrent Sowing through light-emitting
means LEM; which, in turn, is roughly proportional to 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 proportional to the instantanecus
magnitude of the DC voltage present between the DC-bus
and the DC+ bus, the instantaneous magnitude of the charg-
ing current supplied to capacitor ESCa/ESCh will be
roughly proportional to the square of the instantaneous
magnitude of that DC voltage.

As an overall consequence, the instantaneous magnitude
of the cur rent drawn by the PFCI inverter will be roughly
proportional to the instantaneous magnitude of the DC
voltage present between the DC~ bus and the DC+ bus;
which is to say that the instantaneous magnitude of the
current drawn from the power line (.., source 8) will be
proporiional to the instantaneous magnitude of the voltage
provided from the power line; which, in turn, provides for
the power drawn from the power linc by the circuit arrange-
ment of FIG. 4 to exhibit a power facior close to unity (i..,
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 junction
Jdc 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 instanta-
neous magnitude of the DC voltage between the DC— bus
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and the DC+ bus is at its maximum (about 170 Voit).
However, with the instantaneous magnitude of this DC
voltage being about half its maximum, the inverier output
voltage—as illustrated by FIG. S(h)—is a clearly asym-
metrical squarewave. Moreover, its frequency is now higher
{about 32 kHz). As indicated by FIG. &(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 asym-
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 current to energy-
storing capacitors ESCa/ESCb. This is so for the eason that
the natural series-resonance-frequency of the L2-C2 tuned
circuit is below the inverier's actual frequency

Increasing asymmetry—other things being equal—also
provides for reduced-magnitude charging current to €acIgy-
storing capacitors ESC&/ESCb. This is so for the reason that
the magnitude of the fundamental frequency component of
the inverter's output vollage decreases roughly in proportion
to the degree of asymmetry.

As the degree of conductance of photo-sensitive resistive
means PSRM increases, the magnitude of the negative bias
voliage present across bias capacitor BC1b decreases; which
results in a longer ON-time for transistor Q1b.

As for the BI inverter, the operation is substantially as
described in connection with the circuit of F1G. 2, except for
the particular feature associated with auxiliary winding AW.

The phasing of the AW winding is such that the funda-
mental frequency component of the high-frequency voltage
provided al output terminal OT1 is substantially out-of-
phase with the high-frequency voltage provided al output
terminal OT2. That way, the magnitude of the net voltage
provided across the three series-connected lamps is larger
than it would be if the lamps had been connected directly
across tank capacitor C2.

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

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

In the particular arangement of FIG. 4, the maximum
magnitude of the 30 kHz potential of the ionized gas within
the fluorescent giass tube is indeed mainteined below
approximately 200 Volt RMS with respect to ground, in spite
of the fact that the three lamps require an operating voltage
of 300 Volt RMS magnitude. This result has been achieved
by way of the AW winding, whose output voltage—during
lamp operation—is about 100 Volt RM3 with respect to the
B~ bus; which, with respect to the 30 kHz inverter vollage,
is indeed at ground potential.

On the other hand, the magnitude of the voltage contrib-
uted by the AW winding should be as low as reasonably



Case: 1:05-cv-02911 Document #: 1 Filed: 05/16/05 Page 73 of 112 PagelD #:73

5,510,680

11

possible for the reason tha its waveform is of such nature as
to cause degradation of the lamp current crest factor; which
degradation is due 1o 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).

With 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 connected 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 leve! for lamp 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 voliage,
the net resulting lamp current crest factor is kept just below
1.7—as is indeed the case in the arrangement of FIG. 4.

Additional Comments

{ag) The reason that the AW winding is loosely coupled
with tank inductor L2 is related to minimizing detrimental
effects on lamp current crest factor due to powering the
lamps in part by the tank inductor voltage. By effectively
providing the tank inductor voltage 1o the fluorescent lamp
via a series inductance, the detrimental effects on lamp
current crest factor are indeed reduced. However, the same
result can be obtained by placing an inductor in series with
the fluorcscent lamps.

(ab) Light-emitting means LEM is likely not 1o be totally
linear in terms of light output as function of the magnitude
of the driving DC current. Likewise, photo-sensitive resis-
tive means is likely not to be totally linear with respect to its
effective conductance versus amount of light received. In
addition, the symmelry-modulation and frequency-medula-
tion resulting from changes in the 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 pan of the
sought-afier effect—namely power factor correction and
reduction of power line harmonics—will result even if the
various relationships be quite non-linear.

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

(ac) The time constant associated with bias capacitor
BClb and its associated charge leakage means—namely
resistor R1b2 and photo-sensitive resistive means PSRM—
must be long with respect to a complete cycle of the 30 kHz
inverter frequency. However, this time constant should be
short compared with a complete cycle of the 120 Hz ripple
voltage on the DC voltage present between the DC— bus and
the DC+ bus.

(ad) The waveshape of the high-frequency current flowing
from tank capacitor C1 of FIG. 4 is substantially sinusoi-
dal— with the positivc halves flowing though rectifier HSRa
and the negative halves flowing through rectifier HSRb.

{ae) The absolute instantancous magnitude of the high-
frequency current flowing from junction I1 and through
reclifiers HSRa and HSRb is—excepl for any imperfections
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in the HSRa/HSRb rectifiers—equal 1o that of the net DC
current flowing into energy-storing capacitors ESCa and
ESCb.

(af) The waveshape of the current flowing through the
three series-connected fluorescent 1amps is also nearly sinu-
soidal; except that a modest degree of distortion is intro-
duced by the harmonics of the compenent of high-frequency
voltage provided by auxiliary winding AW. However, as
long as the magnitude of this component is kept relatively
small compared with the magnitude of the voltage provided
from the tank capacitor—say, no higher than about 50%
thereof—the distortion of the lamp current is insufficient to
cause significant deterioration of the lamp curreni crest
factor.

{ag) 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 Q15 decreases as the absolute magnitude of the
negative bias voltage on bias capacitor BCl1b increases.
Thus, with the instantaneous magnitude of the DC voltage
present between the DC— bus and the DC+ bus being
substantially equal to that of the AC power line voltage
provided from source S, the absolute magnitude of this bias
voltage varies synchronously with that of the AC power line
voltage; thoreby, in turn, causing the effective ON-time of
transisior Q1b 1o vary synchronously with the absolute
magnitude of the AC power line voltage as well.

(ah) It is important that the natural resonance frequencies
of the 11-C1 and the L.2-C2 series-tuned circuits of FIG. 4
are lower than (or at least not higher than) the operating (or
switching) frequencies of the PFCI and the BI inverters,
respectively.

(ai) It is believed that the present invention and its several
attendant advantages and featres will be understood from
the preceeding description. However, without departing
from the spirit of the invention, many changes may be made
in its form and in the sclection, construction and interrela-
tionships of is constituent parts, the form herein presented
merely representing the presently preferred embodiment.

I claim:

1. An arrangement comprising:

rectifier device connected with a source of power line

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

a power conditioner connected with the DC terminals and

operative to provide a high-frequency output voltage at
a high-frequency output; the high-frequency output
voltage having a fundamental frequency substamtially
higher than that of the power line voltage; the power
conditioner including an inverter circuit connected
between the DC terminals and the high-frequency
output; the inverter circuit being characterized by (i)
including a psir of alternatingly switching transistors
serics-connecied between the DC terminals, and (ii)
producing an alternating inverter voltage of non-sym-
melrical waveshape across a pair of inverter terminals;
the non-symmetrical waveshape having a complete
¢ycle period including: (i) a positive part during which
the magnitude of the inverter voltage remains at an
approximatcly constant positive level; (i) a negative
part during which the magnitude of the inverter voltage
fernains at an approximately constant negative level
(iii) a negative-going part during which the magnitude
of the inverter voltage changes rapidly from the posi-
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tive level to the negative level; and (iv) a positive-going
part during which the inverter voltage changes rapidly
from the negative level to the positive level; the dura-
tion of the positive part being, at least at certain times,
distinctly different from the duration of the negative
part; the alternating inverter voltage having, irrespec-
tive of the duration of the negative part as a fraction of
the duration of the positive part, an average magnitude
equal to zero when averaged over the complete cycle
period; and

a gas discharge lamp assembly operative Lo connect with

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

2. The arrangement of claim 1 wherein the inverter circuit
includes a control sub-circuit operative, in response to 2
control signal, to control the ratio between the duration of
the positive part and the duration of the negative part.

3. The arrangement of claim 1 wherein the inverter circuit
includes 2 control sub-circuit operative, in response 10 a
contral signal, to control the fundamental frequency of the
alternating inverter voltage.

4. The arrangement of claim 1 wherein the inverter circuit
includes a control sub-circuit operative, in response to a
control signal, to control the fundamental frequency of the
alternating inverter voltage as well as the ratio between the
duration of the positive part and the duration of the negative
parL.

5. The arrangement of claim 1 wherein the inverter circuit
is characterized by including an L-C tuned circuit having a
natural resonance frequency at or near the fundamental
frequency of the aliernating inverter voltage.

6. An arrangement comprising:

rectifier means connected with a source of power line

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

power conditioner means connected with the DC termi-

nals and operative to provide a high-frequency output
voliage 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 an inverter means
connected in circuit between the DC terminals and the
high-frequency output; the inverter means including &
first and 2 second transistor having, respectively, a first
pair and a second pair of control input terminals; the
first transistor being periodically rendered conductive
in response to periodic voltage pulses provided at its
control terminals; each individual voltage pulse having
a pulse duration; the inverter means being characterized
by producing an alternating inverter voltage a pair of
inverter terminals; the alternating inverter voltage hav-
ing a cycle period including: (i) a first part during which
the magnitude of the invener voltage is of positive
polarity; and (ii) & second part during which the mag-
nitude of the inverter voltage is of negative polarity; the
duration of the second part being distinctly longer than
said pulse duration; and

gas discharge lamp means operative to connect with the
high-frequency output and to be powered by the high-
frequency output voliage provided thereat.

7. The arrangement of claim 6 wherein the duration of the
sccond part is at least ten percent longer than said pulse
duration.

8. The atrangement of claim 6 wherein the second tran-
sistor is: (i) periodically rendered conductive in response to
periodic voltage pulses provided at its control lerminals; and
(ii) prevented from being rendered conductive during times
when the first transistor is conductive.
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9. An assembly comprising:

a rectifiet sub-assembly having & pair of AC input termi-
nals operable to be connected with the AC power line
voltage of an ordinary electric utility power line and,
when indeed so connected, to provide a DC voltage at
a set of DC output terminals;

an inverter sub-assembly having a set of DC input termi-
nals cormected with the DC output terminals and opera-
tive lo provide a high-frequency output voltage
between a pair of high-frequency output terminals; the
high-frequency output voltage having a fundamental
frequency substantially higher than that of the AC
power line voltage; the inverter sub-assembly being
characterized by producing, across a pair of inverter
terminals, a periodically alternating inverter voitage
having a basic period consisting of: (i) a first scgment
during which its magnitude remains approximately
constant at a positive potential; (i} a second segment
during which its magnitude decreases in a substantially
continuous manner; (iii) a third segment during which
its magnitude remains approximately constant sl a
negative potential; and (iv) a fourth segment during
which its magnitude increases in a substantially con-
tinuous manner,

a gas discharge lamp connected in circuit with the high-
frequency output terminals; the gas discharge lamp
having a pair of thermionic cathodes, each having a pair
of cathode terminals; and

a screw-base having a pair of base terminals; the screw-
base, the rectifier sub-assembly, the inverter sub-as-
sembly, and the gas discharge lamp being combined so
as to constitute a lamp assembly operable to be serewed
into and held by an ordinary electric lamp socket,
thereby to cause said AC power line voltage to be
applied to the base terminals.

10. The assembly of claim 9 wherein:

(2) the screw-base is characterized by having a standard

screw-basc width, which is about onc inch; and

{b) the assembly is characterized by having: (i) 2 maxi-

mum height not exceeding eight times the standard
screw-base width; and (ii) a maximum width not
exceeding three times the standard screw-base width.

11. The assembly of claim 9 further characterized by
having a capacitor effectively connected in paraliel with the
gas discharge lamp, thereby to form a lamp-capacitor par-
allei-combination.

12. The assemnbly of claim 11 still further characterized by
having an inductor effectively connected in series with the
lamp-capacitor parallel-combination; the inductor and the
capacitor being operative to resonantly interact at the fre-
quency of the high-frequency output voltage.

13. The assembly of claim 9 wherein the gas discharge
Jamp: (i) has a pair of thermionic cathodes; and (ii) is started
without having been provided with preheating power to the
thermionic cathodes.

14. The asscrbly of claim % whercin the gas discharge
lamp: (i) has a thermionic cathode with a pair of cathode
terminals; and (ii} is operated without being supplied with a
cathode heating voltage across ils cathode terminals.

15. The assembly of ciaim 9 wherein the inverter sub-
assembly is further characterized by inciuding a ransistor
having a pair of wansistor tertninals through which flows &
periodic transistor current and across which exists a periodic
Iransistor voliage; the transistor current flowing only during
periods when the absolute magnitude of the (ransistor volt-
age is substantially lower than that of the DC voltage.
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16. The assembly of claim 9 wherein the inverter sub-
assembly is further characterized by including a tramnsistor
having a pair of transistor terminals through which periodi-
cally flows a transistor current and across which exists a
periodic transistor voltage; the transistor current being pre-
vented from flowing except during periods when the abso-
lute magnitude of the transistor voltage is substantially
lower than that of the DC voltage.

17. The assembly of claim 9 wherein: (i) the rectifier
sub-assembly is further characterized by having two capaci-
Lors series-connected between the DC output terminals; and
(ii) the inverter sub-assembly is further characierized by
having two transistors series-connected between the DC
input 1erminals.

18. The assembiy of claim 9 wherein the periodically
alternating inverter output voltage is characterized by having
a trapezoidal waveform.

19. The assembly of claim 9 wherein the duration of the
first segment is distinctly shorter than half the duration of the
basic period.

20. The assembly of claim 9 additionally characterized by
comprising a cylindrical housing means: (i) onto one side of
which is mounted the gas discharge lamps; (ii) onto the other
side of which is mounted the screw-base;, and (iii) within
which is mounted said inverter sub-assembly.

21. An assembly comprising:

arectifier & filter sub-assembly mounted within a housing

means and having a pair of AC input terminals oper-
able, by way of a screw-base integrally mounted onto
the housing means and adapted to be screwed into an
Edison-type incandescent lamp socket, ta be connected
with the AC power line voliage of an ordinary electric
utility power line and, when indeed sc connected, to
provide a DC voltage at 2 set of DC output terminals;
an inverter sub-assembly also mounted, at least in part,
within the housing means; the inverter sub-assembly
having a set of DC input terminals connected with the
DC output terminals and being operative to provide a
high-frequency output voltage between a pair of high-
frequency output terminals; the high-frequency output
voliage having a fundamental frequency substantially
higher than that of the AC power line voltage; the
inverter sub-assembly being further characterized by
producing, across a pair of inverter terminals, a peri-
odically alternating inverter voltage haviog a basic
period consisting of: (i) a first segment during which its
magnitude remains essentially constant at a positive
potential; (ii) a second segment during which its mag-
nitude decrcases in a substantially continucus manner;
(iii) a third segment during which its magnitude
remains essentially constant at a negative potential; and
(iv) a fourth segment during which its magnitude
increases in a substantially continuous manner; and

a gas discharge lamp mounted onto the housing means;

the gas discharge lamp being connected in circuit with
the high-frequency output terminals; the gas discharge
lamp being further characterized by having a pair of
thermionic cathodes, each having a pair of cathode
terminals.

22. An assembly comprising:

a rectifier & filter sub-assembly mounted at least partly

within a cylindrical housing means and having a pair of
AC input terminals operable, by way of a screw-base
integrally mounted onto the cylindrical housing means
and adapted to be screwed into an Edison-type incan-
descent lamp socket, to be connecled with the AC
power line voltage of an ordinary electric utility power
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line and, when indeed so connected, to provide a DC
voltage at a set of DC output terminals;

an inverter sub-assembly also mounted at least partly
within the cylindrical housing means; the inverter sub-
assembly having a sct of DC input terminals conmected
with the DC output terminals and operative to provide
a high-frequency output voliage between a pair of
high-frequency output terminals; the high-frequency
output voltage having a fundamental frequency sub-
stantially higher than that of the AC power line voltage;
the inverter sub-assembly being further characterized
by producing, across a pair of inverier termingls, a
periodically alternating inverter voltage having a basic
period consisting of: (i) a first segment during which its
magnitude remains roughly constant at a pesitive
potential; {ii) a second segment during which its mag-
nitude decreases in a substantially continuous and
gradual manner; (ii) a third segment during which its
magnitude remains roughly constant at a negative
potential; and (iv) a fourth segment during which its
magnitude increases in a substantially continuous ang
gradual manner; and

a gas discharge Jamp mounted onto the cylindrical hous-
ing means; the gas discharge lamp being connected in
circuit with the high-frequency output terminals; the
gas discharge lamp being further characterized by
having a pair of thermionic cathodes, each having a pair
of cathode terminals.

23. An assembly comprising:

a first sub-assembly connected with the AC power line
voltage of an ordinary electric utility power line and
operative to provide a DC voltage at a peir of DC
output terminals;

a second sub-assembly having a first DC input terminal
and a second DC input terminal, both connected with
the DC output terminals; the second sub-assembly
including a first transistor connected between the first
DC input terminal and a center terminal, and a second
transistor connected between the center terminal and
the second DC input terminal; the second sub-assembly
being further characterized in that it provides a peri-
odically aliernating output voltage across a pair of AC
output terminals, one of which AC output terminals
being the center terminal; the periodically alternating
output voltage having a waveshape with a complete
cycle period consisting of: (i) a positive part during
which its instantaneous magnitade remains at an essen-
tially constant positive level, (ii) a negative part during
which its instantaneous magnitude remains at an essen-
tially constant negative level; (iii) a negative-going par
during which its instantaneous magnitude changes rap-
idly from the positive level to the negative level; and
(iv) a positive-going part during which its instanta-
neous magnitude changes rapidly from the negative
level to the positive level; the duration of the positive
part being, at least under some conditions, significantly
different from the duration of the negative part; and

a third sub-assembly connected with the AC output ter-
minals and including a light-emitting gas discharge
lamp.

24. The assembly of claim 23 additionally characterized
by: (i) including a housing structure; (i) having a screw-
base integrally mounted on the housing structure and pro-
truding therefrom, the screw-base being of such nature as to
permit il to be screwed into and held by an Edison-type
incandescent lamp socket; (iii) having at least & part of the
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first sub-assembly included within the honsing structure; (iv)
having the light-emitting gas discharge lamp mounted on the
housing structure and protruding therefrom in a direction
substantially opposite of the direction along which the
screw-base protrudes; the gas discharge lamp being further
characterized by having a pair of thermionic cathodes, each
having a pair of cathode terminals.

28. The assembly of claim 23 additionally characterized
by: (i) including a housing siructure; (ii) having a screw-
base integrally mounted on the housing structure and pro-
truding therefrom, the screw-base being of such nature as Lo
permit it to be screwed into and held by an Edison-type
incandescent lamp sockel; (iii) having at least a part of the
second sub-assembly included within the housing structure;
(iv) having the light-emitting gas discharge lamp mounted
on the housing means and protruding therefrom in a direc-
tion substantially opposite of the direction along which the
screw-base protrudes.

26. An assembly comprising:

a rectifier sub-assembly having a pair of AC input termi-
nals operable to be connected with the AC power line
voltage of an ordinary electric utility power line and,
when indeed s0 connected, to provide a DC voltage at
a set of DC output terminals;

an inverter sub-assembly having a set of DC input termi-
nals connected with the DC output terminals and opera-
tive to provide a high-frequency output voltage
between a pair of high-frequency output terminals; the
high-frequency output voltage having a fundamental
frequency substantially higher than that of the AC
power line voliage; the inverter sub-assembly including
a transistor baving a pair of transistor terminals
between which flows a periodic transistor current and
across which exists a perodic transistor voltage; the
transistor current Aowing only when the absolute mag-
nitwde of the ransistor voltage is substantially lower
than that of the DC voltage; the inverter sub-assembly
being also characterized by producing, across a pair of
inverter terminals, a periodically aliernating inverter
voltage having a basic period consisting of: (i) a first
segment during which its magnitode remains approxi-
mately constant at a positive potential; (i) a second
segment during which its magnitude decreases in a
substantially continuous manner; (i) a third segment
during which its magnitude remains approximately
constant at a negative potential; and (iv) a fourth
segment during which its magnitude increases in a
substantially continuous manner; and

a gas discharge lamp connected in circuit with the high-
frequency output terminals.

27. The arrangement of claim 26 wherein the periodic
transistor current flows only during periods when the abso-
lute magnitude of the transistor voitage is lower than half
that of the DC voitage.

28. An assembly comprising:

a rectifier sub-assembly having a pair of AC input termi-
nals operable to be connected with the AC power line
voltage of an ordinary electric utility power line and,
when indeed so connected, to provide a DC voltage at
a set of DC output terminals;

an inverter sub-assembly having a set of DC input termi-
nals connected with the DC output terminals and opera-
tive to provide a high-frequency output voltage
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between a pair of high-frequency output terminals; the
high-frequency output voltage having a fundamental
frequency substantially higher than that of the AC
power line voltage; the inverter sub-assembly including
a transistor having a pair of transistor terminals
between which flows a periodic transistor current and
across which exists a periodic transistor voltage; the
inverter sub-assembly including circuitry operative 10
prevent transistor current from flowing except when the
absolute magnitude of the transistor voltage is substan-
tially Jower than that of the DC vollage; the inverter
sub-assembly being also characterized by producing,
across a pair of inverter lerminals, a periodically alter-
nating inverter voltage having a basic period cousisting
of: (i) a first segment during which its magnitude
remains approximately constant at a positive potential;
(i) a second segment during which its magnitude
decreases in a substantiatly continuous manner, (iii) a
third segment during which its magnitude remains
approximately constant at a negative potential, and (iv)
a fourth segment during which its magnitude increases
in a substaniially continuous manner; and

a gas discharge lamp connected in circuit with the high-

frequency output terminals.

29, The arrangement of claim 28 wherein the periodic
transistor current is prevented from flowing except when the
absolute magnitude of the transistor voltage is lower than
half that of the DC voltage.

30. The assembly of claim 28 additionally characterized

* by: (i) comprising a screw-base; (i) having the screw-base,

the rectifier sub-assembly, and the inverter sub-assembly
combined so as 1o constitute 4 lamp assembly operable to be
screwed into and held by an ordinary electric lamp socket;
and (iii) having a periodically conducting transistor with a
pair of control terminals across which exists an altemating
control voliage having a peak-to-peak magnitude substan-
tially higher than twice the forward voltage drop of an
ordinary semiconductor junction.

31. The assembiy of claim 28 additionally characterized
by: (i) comprising a screw-base; (ii) having the screw-base,
the rectifier sub-assembly, and the inverter sub-assembly
combined so as to constitate 2 lamp assembly operable 1o be
screwed into and held by an ordinary electric lamp socker;
(ifi) having a periodicaily conducting transistor with a
transistor terminal; and (iv) exhibiting an electrically con-
ductive path between the transistor terminal and one of the
AC input terminals.

32, The asserbly of claim 29 additionally characierized
by: (i) comprising 2 screw-base having a base terminal
connected with one of the AC input terminals and operative
to conmected with a terminal in an ordinary Edison-type
lamp socket; (ii) having the screw-base, the rectifier sub-
assembly, and the inverter sub-assembly combined so as to
constitute a lamp assembly operable to be screwed into and
held by an ordinary electric lamp socket; (iif) having a
periodically conducting transistor with a transistor terminal;
and (iv) exhibiting an electrically conductive path between
the transistor terminal and at least one the AC input termi-
nals.
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OPERATING CIRCUIT FOR GAS
DISCHARGE LAMPS

This application is a continuation of Ser. No. 07/770,414
fileg Oct. 3, 1991, which is 2 Continuation-in-Part of Ser.
No. 07/663,566 filed Mar. 4, 1991, now U.5. Pat. No.
5,185,560, as well as of Ser. No. 07/768,105 filed Sep. 30,
1991, now abandoned; which Ser. No. 07/768,105 is a
Continuation of Ser. No. 06/787,692 filed Oct. 15, 1985,
now abandoned; which is a Continuation of Ser. No. 06v644,
155 filed Aug. 27, 1984; which is a Continuation of Ser. No.
06/555,426 filed Nov. 23, 1983; which is a Continuation of
Ser. No. 06/178,107 filed Aug. 14, 1980, now abandoned;
which is a Continuation-in-Part of Ser, No. 05/973,741 filed
Dec. 28, 1978, now abandoned; which is a Continuation-
in-Parn of Ser. No. 05/890,586 filed Mar. 20, 1978, now U.S.
Pat. No, 4,184,128,

BACKGROUND OF THE INVENTION

1. Ficld of Invention

This invention relates to ballasting means for gas dis-
charge lamps,

2. Description of Prior Ant

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. /178,107 filed
Aug. 14, 1980; part of the disclosure of which application is
the basis for instant application.

Otherwise, reference is made to the following U.5. Pat.
Nos. 3,263,122 10 Genuit; 3,320,510 1o Locklair; 3,996,493
to Davenport ct cl.; 4,100,476 to Ghiringhelli; 4,262,327 to
Kovacik et al.; 4,370,600 to Zansky: 4,634,932 to Nilasen;
and 4,857,806 1o Nilssen.

SUMMARY OF THE INVENTION

Objects of the Invention

A main object of the present invention is that of providing
a cost-effective ballasting means for gas discharge lamps.

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

Brief Description of the Invention

A half-bridge inverter is powered from a DC rail by a
constant-magnitude DC supply voliage and provides at the
inverter's output terminals a first AC output voltage that is
describable as a modified squarewave voltage. This first AC
voltage, whose waveshape is shaped away from that of an
ordinary squarewave voltage by using a slow-down capaci-
tor of substantial capacitance connected directly acroas the
inverter's output terminals, is applied across a series-com-
bination of an inductor and a capecitor; which inductor and
capecitor are connected together at a junction; which, in
turn, is connected with the DC rail by way of a pair of
clamping rectifiers; which means that the voltage developing
acyoss the capacitor will be clamped by the DC supply
voltage. As a result, a second AC voltage gets established
across the capacitor; which second AC voltage is also
describabie as being a modified squarewave voltage. How-
ever, the phasing of the sccond AC voliage is delayed by
approximately 90 degrecs with respect 1o the first AC
voliage; which resuits in the voltage scross the inductor
being of approximately sinusoidal waveform. A fluorescent

—
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lamp is connected in seties with a ballast capacitor; and the
lamp-capacitor series combination is connected across the
inductor, thereby resulting in & nearly sinusoidal current
being provided to the fluorescent lamp. Lamp starting aid is
provided by way of a current-limited auxiliary DC voliage
applied across the lamp.

The DC supply voltage is attained and regulated by way
of an up-converter principally consisting of an energy-
storing inductor connected between a field-effect transistor
(i-e., 8 FET) and the DC output ierminals of a bridge rectifier
powered from ordinary 120 Volt/60 Hz power line voltage.
‘The FET is caused 1o enier its ON state (thereby causing the
energy-storing inductor w0 be charged-up) by having its
gate-source input capacitance being provided with a certain
amount of charge {i.e., sufficient to cause the FET to switch
into its ON-state) each time one of the transistors in the
self-oscillating half-bridge inverter {s switched QFF, Afier a
delay of sbont 10 micro-seconds after having been switched
ON, an automatic 1iming circuit causes a shost circuit to be
placed mcross the gate-source input capacitance for a time
just long enough to drain away the gate-source charge,
thereby causing the FET to switch OFF; thereby, in um,
causing the energy stored in the energy-storing inducior to
be discharged inio an energy-storing capacitor connected
across the DC rail. To minimize the harmonics associated
with the wavefrom of the current drawn from the power line,
the delay is decreased with increasing instantaneous mag-
nitude of the power linc voltage. Also, to provide for
cffective regulation of the magnitude of the DC supply
voliage, the delay is decreased as the magnitude of the DC
supply voltage exceeds a predetermined Jevel.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a front elevation of a folded fluorcscent lamp
unit adapted for screw-in insertion into & 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 vnit of FIG, 1;

FIGS. 3A-3D is a set of waveform diagrams of certein
significant voliages and currents occurring in the circuil of
FIG. 2;

FIG. 4 is a schematic diagram of a DC power supply
conneciable (o both 120 and 240 volt AC inpuis;

FiG. & is a schematic diagram which illustrates the
connection of a non-s¢li-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 inverter output;

FIG. 7 is an aliernate form of push-pull invester circuit
according to one aspect of the present invention;

FIG. 8 is a schematic diagram showing the connection of
8 gas discharge iamp of the “rapid-start™ type to an inductor-
capacitor-loaded inverter according to the present invention;

FIG. 9 is a schematic diagram illustrating an inverter
ballast circuit arrangement wherein a pair of series-con-
nected fluorescent Iamps is powered, by way of a reaclance
wransformer, from an inverter output voltage having a trap-
ezoidal (i.e. truncaied sinewave) waveform like that of FIG.
3A.

FIG. 10 is a schematic illustration of the seactance trans-
former used in the circuit arrangement of FIG. 9.

FIGS. 11A~11] show various voitage and current wave-
forms associated with the circuit amangement of FiG. 9.
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FIG. 12 is a schematic diagram illustrating the main
preferred embodiment of the present invention.

FIG. 13 is a schemalic illustration of 2 combination tank
inductor and cathode heater transformer used in the pre-
ferred embodiment of FIG. 12.

FIGS. 14A-141 shows various voltage and current wave-
forms associated with the circuit arrangement of FIG. 12,

FIG. 1% is a schematic disgmm of a medified main
preferred embodiment; whei is identical to that of FIG. 12
except for an added lamp starting aid arrangement.

DESCRIPTION OF VARIOUS PREFERRED
EMBODIMENTS

FIG. 1 illustrates a screw-in gas discharge lamp unit 10
comprising a folded fivorescent lamp 11 suitably secured 10
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 ballasting
circuit 16; which, because of its compact size, conveniently
fits within the base 12.

The inverter circuit 16 is connected by leads 17, 18 o a
screw-type plug 19 adapted for screw-in insertion into a
standard Edison-type incandescent Jamp socket al which
ordinary 120 Volt/60 Hz power line voliage is available. A
ground plane comprising 8 wire or metallic strip 21 is
disposed adjacent & portion of the fiuorescent lamp 11 2s a
staning aid, Finally, a manually rotatable external knob 22
is connected to a shaft for mechanical adjustment of the air
gap of a ferrite core inductor to vary the induciance value
thereof in order to effect adjustment of the invener voliage
output connected to electrodes 13, 14 for controlled varia-
tion of the lamp illumination intensity.

With reference to FIG. 2, a power supply 23, connected Lo
a conventional AC input, providea a DC output for supplying
a high-efficiency inverter circuit 24. The inverter is operable
10 provide a high voitage 10 an cxtcmal 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 10 a 240 volt AC
supply &t terminals 32, 33, Capachors 34, 36 are connected
between & ground line 37 (in tum directly connecicd to the
inverter 24) and to 4 B+ line 38 and a B line 39, respec-
tively. The power supply 23 also comprises a voltage
doubler and rectifier optionally connectable to 2 120 volt AC
input taken beiween the ground line 37 and terminal 33 or
32_The voltage 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 invener 24, as shown
in FIG. 2. The bridge rectifier and the voltage doubler and
rectifier provide substantially the same DC output voltage 1o
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 1o FIG. 4, which shows an
alternate power supply 23, the AC input, whether 120 or 240
voits, is provided at terminals 32' end 39, Terminal 39 iy in
turn connected through a single-pole double-throw selector
swilch 41 to terminal 37" (for 120 volt operation) or terminal
33 (for 240 volt operation). In all other respects, power
supplies 23 and 23 are identical.

‘The inverier 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-

4

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 arc conpected to a midpoint

line 44 (designated “M™) and the emitter of transistor 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 identical transformer 49, an inductor 51
and a series-connected 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 capacior §2,
as shown in FIG. 2. The inductor 51, preferably a known
ferrite core inductor, has an inductance varisble by mechsni-
cal adjustment of the gir gap in order to effect variation in the
level of the inductor and capacitor voliage and hence the
power available to the Joad, as will be described. When the
load is a gas discharge lamp such 2 lamp 11 in FIG. 1,
variation 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 transformers
49, 47, respectively. Winding 53 is also connected 1o mid-
point lead 44 through a bias capacitor 56, while winding 54
is connected 1o the B— lead 39 through an identical biss
capacitor 57. The base terminals of transistors 42 and 43 are
also connected to lines 38 and 44 through bias reaistors 58
and 59, respectively. For a purpose to be described late, the
basc of transistor 42 can be optionally connecied to a diode
61 and a series Zener diode 64 in tun connected to the
midpeint line 44; similarly, a diode 63 and series Zener
diode 64 in turn connected to the B— line 39 can be
connected to the base of transistor 43. Shunt diodes 64 and
67 are comecied across the collector-emitter terminals of
{ransistors 42 and 43, respectively. Finally, a capacitor 68 is
connected across the collector-emitter terminals of transistor
43 to-restrain the rate of voliage rise across those terminals,
as will be seen presently.

The operation of the circuit of FIG. 2 can best be
understicod with additional reference to FIG. 3, which fllus-
trates significant portions of the waveforms of the voltage at
midpoimt M (FIG. 3A), the base-emitter voltage on transistor
42 (FIG. 3B), the current through transistor 42 (FIG. 3C),
and the capscitor 52 voliage and the inductor 51 current
(FIG. 3D).

Assuming that transistor 42 is first 10 be triggered into
conduction, current flows from the B+ line 38 through
windings 46 and 38 and the inductor 51 o charge capacitor
52 and returns through capacitor 34 (refer to the ime period
designated 1 in FIG. 3). When the saturable inductor 49
saturates at the ¢nd of period 1, drive curent to the base of
transistor 42 will terminate, causing voitage on the base of
the transistor to drop to the negative voltage stored on the
bies capacitor 56 in a manner 1o be described, causing this
\ransistor 1o become non-conductive. As shown in FIG. 3¢,
current-flow in transistor 43 terminates at the end of period
L

Because the curtent through inductor 51 cannot change
instantaneously, current will flow from the B~ bus 39
through capacitor 68, causing the voltage at midpoint line 44
10 drop to —160 volis (period II in FIG. 3). The capacitor 68
restrains the ratc of voltage change across the collector and
emitter terminals of transistor 42. The current through the
inductor 51 reaches its maximum value when the voltage at
the midpoint line 44 is zero. During period 11, the current
will continue to flow through inductor S1 but will be
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supplied from the B— bus throngh the shunt diode 67. Tt will
be appreciated that during the latter helf of period H and all
of period 111, positive current is being drawn from a negative
voltage; which, in reality, means that energy is being
returned 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
saturahle inductor 47 will cause a current to flow out of its
sccondary winding $4 10 cause transisior 43 to become
conductive, thereby causing a reversal in the direction of
current through inductor 51 and capacitor 52. When trans-
former 47 saturates at the end of period 1V, the drive current
to the base of transistor 43 terminates and the curmrent
through inductor 51 will be supplied through capacitor 68,
causing the voltage &t midpoint line 44 1o rise (period V).
*When the voltage at the midpoint line M reaches 160 volis,
the current will then flow through shunt dicde 66 (period
VI). The cycle is then repeated.

As seen in FIQ. 3, saturable transformers 47, 49 provide
transistor drive current only after the current threugh indue-
tor 51 has diminished to zero. Further, the transistor drive
current is terminated before the current 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 series-connecied combination of 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 82, very little voltage will be developed across its
terminals. As the value of this capaciiance is decreased,
however, the voliage across this capacitor will incrase. As
the value of the capacitor 52 is reduced to 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.

1t has been found desirable to regulate the transistor
inversion frequency, determined mainly by the saturation
time of the saturable inducters 47, 49, to be equel to or
higher than the natural resonance frequency of the inductor
and capacilor combingtion in order 10 provide a high voltage
output to external load 26. A high voltage acroas capacitor
£2 is cfficiently developed as the transistor inversion fre-
quency approaches the natural zesonant frequency of the
inductor 51 end capacitor 52 combination, Stated another
way, the conduction period of each transisior is desirably
shorter in duration than one quarter of the full period
corresponding ‘to the namral resonant frequency of the
inductor and capacitor combination, When the inverter 24 i
used with a self-ballasted gas discharge Jamp unit, it bas
been found that the inversion frequency can be at least equal
to the natural resonant 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 burmn-out will occur.

It will be appreciated that the sizing of capacitor 52 is
deternined by the application of the invener 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-
pected in circuit with the inductor 51 {by a winding on the
inductor, for example) and the capacitor may be omitted
entirely. If the combined circuit loading of the inductor 51

40
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and the extemal load 26 has an effective inductance of value
sufficient Lo effect periodic energy storage for self-sustained
transistor inversion, the current feedback provided by the
saturable inductors 47,49 will cffect aliernatc transistor
conduction without the nead for additional voltage feedback.
When the capacitor 52 is omitted, the power supply 23
provides a dircet electrical connection between one of the
AC power input lines and the inverter load circuit.

Because the voltages across transistors 42, 43 are rela-
tively low (due to the effect of capacitors 34, 36), the
helf-bridge inverier 24 is very reliable. The absence of
switching transients minimizes the possibility of transistor
burn-out.

The inverter circuit 24 compriscs means for supplying
reverse bias ta the conducting transistor upon sawration of
its associated satureble inductor. For this purpose, the
capacitors 56 and 57 are charged 1o negative voltages as a
result of reset current flowing into secondary windings 53,
84 from the bases of transistors 42, 43, respectively. This
reverse current rapidly tums off a conducting transistor to
increase its swilching speed and 10 achieve inventer 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 Circnit” (now U.S. Pat. No, 4,307,353). The more
ncgative the voltage on the bias capacitors 56 and 57, the
more rapidly charges are swept out of the bases of their
associated transistors upon transistor tum-off.

Whea a iransistor base-emitter junction is reversely
biased, it exhibits the characteristics of a Zener diode having
a reverse breakdown voltage on the order of 8 10 14 Volt for
transistors typically used in high-voltage inverters, As an
alternative, to provide a negative voltage smalier in 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 s gas discharge lamp, the voltage
scross the capacitor 52 will be reduced once the lamp is
ignited 10 prevent voilages on the inductor 51 and the
capacitor 52 from reaching destructive levels. Such a lamp
provides an inilial time delay during which a high voliage,
suitable for instant sterling, is available.

FIG. 5 illusirates the use of an alternate load 26 adapted
for plug-in connection to an inverter circuit such as shown
in FIG. 2. The 1oad 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 parellel with  capacitor 52' which serves the
same purpose as capacitor 52 in the FIG. 2 circuil. However,
when the load 26' is unplogged from the circuit, the inverter
stops oscillating and the development of high voltages in the
inverter is prevented. The fact that no high voliages are
generated by the circuit if the lamp is disconnected while the
circuit is oscillating is important for safety reasons.

FIG. 6 illustrates a capacitor 52 connected in scrics with
an inductor $1" through a heater 81 suitable for healing the
toroidal inductors 47, 49 in accordance with the level of
output. The load 26" is connected across the series combi-
nation of the capacitor §2* and the torcid heater. The heater
81 is preferably designed to conirollably heat the toroidal
saturable inductors in order to decrease their saturation flux
limit and hence their saturation time. The result is to
decrease the periodic ransistor conduction time and thereby
increase the transistor inversion frequency. When a fre-
quency-dependent impedance means, that is, an inductor or
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a capacitor, is connected in circuit with the AC voltage
output of the inverter, change in the iransistor inversion
frequency will modify the impedance of the frequency-
dependent impdance means and correspondingly medify the
inverter output. Thus as the level of the output increases, the
toroid heater 81 is comespondingly encigized to effect
feedback regulation of the output. Further, transistors 42, 43
of the type used in high voliage inveners dissipate heat
during periodic transistor conduction. As an alternative, the
toroid heater 81 can use this heat for feedback regulation of
the output or control of the tlemperature of transistors 42, 43,

The frequency dependent impedance means may also be
used in a circuil lo energize e gas discharge lamp at
adjustable illumination levels, Adjustment in the inversion
frequency of wansistors 42, 43 results in control of the
magnitude of the AC current supplied 1o the lamp. This is
preferably accomplished where saturable inductors 47, 49
have adjustable flux densities for control of their saturation
time.

FIG. 7 schematically illustrates an aliemate form of
inverter circuit, shown without the AC to DC power supply
connections for simplification. In this Figure, the transistors
are connected in parallel rather than in scries but the
opcration is cssentially the same as previously described.

In particular, this circuit comprises a pair of alternately
conducling transistors 91, 92. The emitier terminals of the
transistors are connected to 8 B— line 93. A B+ lead 94 is
connected to the center-tap of a transformer 96. In order 10
provide drive current 1o the transistors 91, 92 for control of
their conduction frequency, salrable inductors 97, 98 have
sccondary windings 99, 101, respectively, each secondary
winding having one end connected 10 the base of its asso-
ciated transistor; the other ends are connected to a common
terminal 102, One end of transformer 96 is connecied to the
collector of transistor 91 through a winding 103 on inductor
98 in turn connected in series with a winding 104 on
inductor 97. Likewise, the other end of transformer 96 is
connected to the collector of transistor 92 through a winding
106 on inductor 97 in series with another winding 107 on
inductor 98,

The B+ terminal is connected 10 terminal 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
function as resistors 58, 59 and capacitors 56, 57 in the FIG.
2 circuit.

The bases of wransistors 91, 92 are connected by diodes
111, 132, respectively, to a common Zener diode 113 in turn
connected to the B— lead 93. The common Zener diode 113
serves the same function as individual Zener diodes 62, 64
in FIG. 2.

Shunt diodes 114, 116 are connected across the coliector-
cmitter terminals of transistors 91, 92, respectively.

A capacitor 117 connecting the collectors of transistors
91, 92 resirains the rate of voltage rise on the collectors in

a manner similar to the collector-emitter capacitor 68 in FIG.
i

Inductive-capacitive loading of the FIG. 7 inverter is
sccomplished 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
connecied across the capacitor 118.

FIG. 8 illustrates how an inverter loaded with a series
capacitor 122 and inductor 123 can be used to energize a
“rapid-start” fiuorescent Jamp 124 (the deiails of the inverter
circuit being omitted for simplication). The lamp 124 has a
pair of cathodes 126, 127 connecied across the capacitor 122

3
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for supply of operating voltage in a 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.

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 output voltage of the inverter
circuit arrangement of FIG. 2 has the particular trapezaidal
waveshape illustrated by FIG. 3A.

In FIG. 9, a DC supply voltage of about 320 Vot is
assumed 10 be provided between a B bus and a B+ bus.

A first high-frequency bypass capacitor BPC1 is con-
nected between the B— bus and a junction Je; and a scoond
high-frequency bypass capacitor BPC2 is connected
between junction Jc and the B+ bus. The source of a first
field effect iransistor FET1 is connected with the B— bus,
while the drain of this same transistor is connected with a
junetion H. The source of a second field effect transistor
FET2 is connected with junction Jf, while the drain of this
same transisior is cormected with the B+ bus. As shown in
dashed outline, each field effect transisior hes a commutating
diode built-in between its drain and source. A slow-down
capacitor SDC is connected between junction J{ and the B~
bus

The primary winding PW of a leakage transformer LT is
connected between junction Jc and a junction Jx; the pri-
mary winding PW1 of a first saturable current transformer
SCT1 is series-connected with the primary winding PW2 of
a second salurable current 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 (erminals of FET2. A resistar
R1 is connected across secondary winding SW1; and 2
resistor R2 is connected across secondary winding SW2, A
Zener diode Z1a is conpected with s cathode to the source
of FET1 and with its anode to the anode of a Zener diode
Z1b, whose cathode is connected with the gate FETL. A
Zener diode 22g is connected with its cathode to the source
of FET2 and with fis anode to the anode of & Zener diode
Z2b, whose cathode is connected with the gate of FET2.

A secondary winding SW of ieakage transformer LT is
comnected between ballast output terminals BOT1 and
BOT2. E

A first fluorescent lamp FL1 is series-comnected with &
second fluorescent lamp FL2 to form a series-combination;
which series-combination is connected between ballasts
output terminals BOT1 and BOTZ. Lamp FL1 has a fint
cathode Cla and a second cathode Clb; while lamp FL2 has
a first cathode C2a and a second cathode C2b. Each cathode
has two cathode terminals. Each of the terminals of cathode
C1b is connected with one of the terminals of cathode Cla.
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. 10. In particular and by way of example,
leakage transformer LT includes a first and a second fexrite
core element FC1 and FC2, each of which is an extra long
so-calied E-core; which E-cores 2but each other across an air
gap AG. Primary winding PW is wound on a first bobbin BY;
and secondary winding SW iz wound on & second bobbin
B2. Cathode heating windings CHW are wound on a small
third bobbin B3; which bobbin B3 is adjustably positioned
between bobbins Bl and B2.
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The operation of the circuit arrangement of FIG. 9 may
best be understood by referring to the voluge and current
waveforms of FIGS. 11A to 1IF

FIG. 11A shows the waveform of the voltage provided &t
the output of the half-bridge inverter of FIG. 9 during a
situation where lamps FL1 and FL2 are being fully powered.
1n particular, FIG. 11A shows the waveform of the voltage
provided at junction Jf as measured with reference to
junction J¢. (The voltage at Ix is substantially equel to the
voltage at Jf).

This waveform is substantially equal to that of FIG. 3A.

FIG. 11B shows the comesponding waveform of the
gate-to-source voltage (i.c. the control voltage) of FET2.

0

FIG. 11C shows the corresponding drain current flowing

through FET2; which is the current drawn by the upper half
of the half-bridge inverter from the DC supply voltage (i.e.,
from the B+ bus ).

FIG. 11D shows the comesponding current flowing
through flvorescent Jamps FL1 and FL2.

FIG. 11E shows the wavcform of the voltage provided at
the output of the half-bridge invester of FIG. 9 for a situation
where ballast output lerminals BOT1/BOT2 are unloaded
except for stray (or parasitic) capacitance associated with the
wiring extending between ballast output terminals BOTY
BOT?2 and lamp cathodes Cla and C2b.

The waveform of FIG. 11E is substantially equal to that
of FIG. 1A except for an incresse in the duraiion of each
cycle period.

FIG. 11F shows the corresponding open circuit cutput
voltage present across ballast output 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 4 situation
where: (i) slowdown capacitor SDC has been removed; and
(ii) ballest output terminals BOTI/BOT2 arc unloaded
except for stray (or parasitic) capacitance associated with the
wiring extending between baflast outpul terminals BOTY
BOT2 and lamp cathodes Cla and C2b.

It is noted that the waveform of FIG. 11G is substantially
a true sgquarewave as opposed (o the trapezoidal (or tun-
cated sinusoidal) waveforms of FIGS. 11A and 11E.

FIG. 11H shows the waveform of the corresponding
voltage present across ballast output terminals BOT1 and
BOT,

FIG. 111 shows the trapezoidal waveform most nearly
cqual to a given sinusoidal waveform (which trapezoidal
waveform can be scen 1o be closely similar to that of FIG,
1A). That is, the particular trapezoidal waveform shown
represents & best fil—as far as a trapezoidal waveform is
concerned—{0 a sinusoidal waveform. This best it is
arrived-ai by superimpesing & wapezoidal waveform on the
given sinusoidal waveform and by varying the shape and/or
magnitude of the trapezoidal waveform untii a shape and a
magnitade are found that provides for the minimum RMS

“magnitnde of the difference in the two waveforms; which
minimem differcnce is shown by the lightly dashed wave-
form.

FIG. 11] shows the corresponding situation for  square-
wave, indicating a much larger RMS magnimds for the
resulting minimum difference; which is 1o say that 2 square-
wave voltage is a much poorer approximation 10 a sinewave
voliage than is a properly chosen trapezoidal voltage.

‘The basic inverter part of FIG. 9 operates much like the
inventer part of FIG. 2, except thal the swilching transistors
are field effect transistors insteed of bi-polar transistors,

1%
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The loading of the inverter, however, is different. In the
circuit of FiG. 9, the inverter's output voitage is applied to
the primary winding of a leakage trans{ormer (LT); and the
output is drawn from a primary winding of this lcakage
transforme. In this cormection, it is imporiant to notice that
a leakage transformer is a transformer wherein there is
substantial leakage of magnetic flux between the primary
winding and the secondary winding; which is to say that a
substantial pan of the flux generated by the transformes’s
primary winding does not link with the transformer’s sec-
ondary winding.

The flux leskage aspect of transformer LT is illustrated by
the structure of FIG. 10. Magnetic flux generated by (and
emanating from) primary winding PW passcs readily
through the high-permeability ferrite of femite core FCY,
However, as long as secondary winding SW is connected
wilh a Joad a ils output (and/or if there is an air gep, &s
indeed there is), the flux emanating from the primary wind-
ing has to overcome magnelic impedance to fow through
the secondary winding; which implies the development of a
magnetic potential difference between the legs of the long
E-cores—especially between the legs of ferrite core FCL. In
turn, this magnetic potential difference causes some of the
magnetic flux generated by the primary winding to flow
directly between the legs of the E-cores (i.c. directly across
the air gap between the legs of the E-cores), thereby not
linking with (i.c. flowing through) the secondary winding.
Thus, the longer the legs of the E-cores and/or the larger the
air gap, the less of the flux generated by the primery winding
links with the sccondary winding—and conversely. As a
result, the magnitude of the current 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 capeble of storing & substantial
amount of inductive energy (just as is the case with inductor
§1 of FIG. 2). Staled differently but equivalently, leakage
transformer LT has an equivalent input-shunt inductance
(existing across the input terminals of its primary or input
winding) capabie of storing a substantial amount of energy.
It also has an equivalent outpui-series inductance (cffec-
tively existing in series with the output terminals of is
secondary or output winding) operative 1o limit the magni-
tude of the current available from its output, It is important
to recognize that the input-shunt inductance is an entity quite
separale and apart from the output-series inductance.

Just 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. Insiead, 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, al the moment FET2 is switched
OFF, current flows through primary winding PW, entering at
the termina! connected with junction Jx and exiting at the
terminal connected with junction Jc. Just zfter the point in
time where FET2 is switched QFF, this current will continue
to flow, but—since it can not any longer flow through
transistor FET2—it must now flow through slow-down
capacitor SDC. Thus, the cumrent drawn out of capacitor
SDC will causc this capecitor to change its voltage: gradu-
ally causing it to decrease from a magnitude of about +160
Volt (which is the magnimude of the DC supply voliage
present at the B+ bus as referenced-to junction Jc) to about
—160 Volt (which is the magoitude of the DC supply voltage
present at the B— bus as refercnded-to junction Je). Of
course, as 5000 as it reaches about —160 Yolt, it gets clamped
by the commutating (or shunting, or clamping) diode buik-
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into FET1; which built-in diode corresponds to shunting
diode 67 of the FIG. 2 circuit.

The resulting waveform of the inverier’s output voltage
will be as illustrated by F1GS. 11A and 11E, The slope of the
inverier output voltage as it altematingly changes between
~160 Volt and +160 Volt is determined by two principal
factors: (i) the value of the input-shunt inductance of pri-
mary winding PW; and (i) the magnitude of slow-down
capacitor SDC. The lower the capacitance of the slow-down
capacitor, the sieeper the slope. The lower the inductance of
the input-shunt inductance, the steeper the slope. Without
any slow-down capacitor, the siope will be very sieep:
limited entirely by the basic switching speed of the invent-
er's iransistors; which, for field effect transistors is particu-
larly high (i.c. fast).

In particular, in the circuit of FIG. 9, the relatively modest
up- and down- slopes of the inverier's output voliage (sec
waveforms of FIGS. 11A and 11E)—which are determined
by the capacitance of the slow-down capacitor—are chosen
to be far Jower than the very stecp slopes that result when the
slow-down capacitor is removed; which latter situation is
Nustraied by FIG. 13G. In fact, the slopes of the inverter's
output voltage are chosen in such manner as to resull in this
output voltage having a particularly low content of harmonic
components, thereby minimizing potential problems associ-
aled with unwanted resonances of the output-series induc-
tance with parasitic capacitances apt to be connected with
ballast output terminals BOT1/BOT2 by way of more-or-
less ordinary wiring hamess means used for connecting
between these output terminals and the associated fuores-
cent Jamps (FL.1 and FL2).

With the preferred capacitance value of slow-down
capacitor SDC, the inverter output voltage waveform will be
as shown in FIGS. 11E, 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. 11F,

On the other hand, without having any slow-down capaci-
tor, the inverter output voltage waveform will be as shown
in F1G. 11G, and the output voltage provided from second-
ary winding SW-—under a condition of no load other than
that resulting from a parasitic resonance involving a worst-
value of perasitic output capacitance—will be as shown in
FIG. 11 H. Under this condition, the power drawn by the
invener from its DC supply is more than 50 Watt; which
power drain result from power dissipations within the
inverter circuit and-—if permitied 10 occur for more than a
very short period—will cause the inverter to self-destruct.

On the other hand, the power drawn by the inverter under
the same identical condition except for heving modified the
shape of the inverter's output voltage 1o be like that of FIG.
11E (instcad of being like that of FIG. 11 Q) is only about
3 Watt; which amount of power drain is sroail enough not 1o
pose any problem with respect to inverter self-destruction,
nor even with respect to excessive power usage during
extended periods where the inverter ballast is connected
with its power source but without actually powering ils
fluorescent lamp load

One difference between the circuit of FIG. 2 and that of
FIG. 9 involves that fact that the FIG. 9 circuit uses field
effect transistors. Never-the-less, the control of each tran-
sistor is effected by way of saturable curmem feedback
transformers. However, instead of delivering its output cur-
rent 10 a base-emitter juniction, each current transformer now
delivers its output cumrent to a pair of series-connected
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opposed-polarily Zener diodes{as parallel-connected with a
damping resistor and the gate-source input capacitance). The
resulting difference in each transistor’s control voltage is
scen by comparing the waveform of FIG. 3B with that of
FIQ. 11B. In either case, however, the Lransistor is not
switched into its ON-state untl afier the absolute magnitude
of the voltage across its swilched teroinals (i, the sonrce-
drain terminals for a FET) has substantially diminished to
zero.

In further contrast with the arrangement of FIG. 2, the
inverter circuil of FIG. 9 is not Joaded by way of a series-
toned L-C circuit. Instead, it is in foct loaded with a
parallel-tuned L-C circuit; which parallel-wnod L-C circuit
consists of the slow-down capacitor SDC as parallel-con-
nected with the input-shunt inductance of primary winding
PW. Yet, in complete contrast with other inveriers Joaded
with paraliel-tuned L-C circuits, the inverter of FIG. 9 is
powered from a voltage source providing a substantially
fixed-magnitude (i.e. non-varying) DC voltage.

Alse in complete contrast with other inverters loaded with
parallel-tuned L-C circuits, the inverter circuit of FIG. 9
provides for clamping {or clipping or truncafing) of the
nawrally sinusoidal resonance voltage that would otherwise
(1.¢. in the absence of clamping) develop across the parallel-
tuned L-C circuit; which naturally sinusoidal resonance
voliage is iliusirated by the dashed waveform of FIG. 11E.

In the FIG, 9 circuit, the indicated voltage clamping (or
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 o
an unknown parasitic capacitance becoming connccted with
ballast output terminals BOT1 and BOT2, it is important to
minimize the harmonic content of the inverter's output
voltage (which harmonic content—for a symmetrical
inverter waveform—consists of all the odd harmonics in
proportionally diminishing magnitudes). To attain such har-
monic minimization, it is important that the inverter's cutput
voliage be made o maich or fit as nearly as possible the
waveform of a sinusoidal voltage; which “best fit" occurs
when the duration of the up/down-slopes equals about 25%
of the total cycle period; which, as can readily be seen by
direct visual inspection, comesponds closely to the wave-
forms actually depicted by FIGS. 3A, 11A and 11E.

However, substantial beneficial effects actually resuls
even if the total duration of the uvp/down slopes were o be
less than 25% of the total duration of the inverter output
voltage peried. In fact, substantial beneficial effects are
attained with up-down slopes constituting as little as 10% of
the total cycle period.

Details of Construction of the Main Preferred
Embodiment

In FIG. 12, which represents the main preferred embodi-
ment of the invention, & source S of 120 Volt/60 Hz voltage
is applied 10 power inpul terminals PIT1 and PIT2 of 2
full-wave bridge rectifier BR, the unidirectional voltage
output of which is provided between DC output terminals
DC~ and DC+. The DC-terminal is connecied with 2 B-bus.

A field-effect transistor Qu is conmected with its source
terminal to the B— bus and with its drain terminal to the
anode of a high-speed recifier HR1, whose cathode is
connected with a B+ bus. Another high-speed rectifier HR2



Case: 1:05-cv-02911 Document #: 1 Filed: 05/16/05 Page 93 of 112 PagelD #:93

5,510,681

13

is connected with ils anode 10 the DC+ terminal and with its
cathode 1o the B+ bus. An energy-storing inductor ESI is
connected between the DC+ terminal and the drain terminal
of transistor Qu; and an energy-storing capacitor ESC is
connected between the B— bus and the B+ bus.

Between the B+ bus and the B— bus are also connected a
series-combination of two transistors Q1 and Q2; the emitter
of transistor Q1 being connecied with the B— bus; the
collector of transistor Q2 being connected with the B+ bus;
and the coilector of ransistor Q1 and the emiuer of transisior
Q2 are both connected with a junction Jg.

A saturable current transformer ST1 has a secondary
winding ST1s connected between the base and the emitter of
transistor Q1; and a saturable current transformer ST2 has a
secondary winding ST2s connected between the base and
the emitter of ransistor Q2. A resistor R1 is also connected
between the base and the eminer of transistor Q1; and a
resisior R2 is connected between the base and the emitter of
transistor Q2.

Saturable transformer ST1 has a primary winding ST1p,
and saturable transformer ST2 has a primary winding ST2p;
which two primary windings are series-connected between
junction Jq and a junction Jx.

A first tank capacitor C’ is connected between junction Jq
and the B— bus. A tank inductor L is connected between
junction Jx and a junction Jy; and a second tank capacitor C*
is connected between junction Jy and the B~ bus.

Junction Jy is connected with the znode of a high-speed
rectifier HR3, whose cathode is connected with the B+ bus,
A high-speed rectifier HR4 is connected with its cathode 1o
the anode of rectifier HRY and with its anode to the B— bus,

Junction Jx is connected with baliast output terminals
BOT1; and junction Jy is connected with ballast output
terminal BOT2.

A first fluorescent lamp FL1 i3 disconnectably connected
in series with & first ballast capacitor BC1 to form a first
series-combination; which first series-combination is con-
necled between ballast output terminals BOT1 and BOT2.
Similarly, & second fluorescent lamp FL2 is disconnectably
connected in series with a second ballast capacitor BC2 to
form a second series-combination; which second series-
combination is also connected between ballast output ter-
minals BOT1 and BOT2.

A capacitor C1 is connected between junction g and the
gate lerminal of transistor Qu; and a Zener diode Z1 is
connected with its cathode 1o the gate ierminal of ransistor
Qu and with its anode to the B— bus.

A capacitor C2 is connected between junction Jq and the
cathode of a Zener diode Z2, whose anode is connected with
the B~ bus. A high-speed rectifier HRS is connected with its
anode to the cathode of Xener diode Z2 and with its cathode
to 8 junction Jn. A capaciter C3 is connecied between
junction Jn and the B- bus.

A control transistor Qc is connected with its collector to
the gate terminal of ficld effect transistor Qu and with its
emitter to the B— bus, A resisior R3 is connected between the
basc of transistor Q¢ and the B— bus. An intervel timer
circuit ITC (such as an RC-type timer based on a so-called
programmable unijunction transistor or PUT) has: (i) 2
positive DC power input terminal PTT+ connected with
junction Jo; (ii) 2 negative DC power inpul terminal PIT-
connecied with the B— bus; (iii) 8 first control input terminal
CIT1 connected with the gate ierminal of transistor Qu; (iv)
a second control input terminal CIT2; and (v) a control
output terminal COT connected with the base of transistor
Qe.

14

A Zener diode Z3 is connected with its cathode to the B+
bus; & resistor R4 is connected belween signal input terminal

. SIT and the anode of Zener diode Z3; a resistor RS is

15
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connected between second contro! input terminal CIT2 and
the B— bus; and a resistor R6 is conmected between the DC+
terminal and second control input terminal CIT2.

A set of cathode heater windings CHW are wound on tank
inductor L: which cathode heater windings are connected
with the thermionic cathodes of fluorescent lamps FL1 and
A2

FIG. 13 provides certain details of tank inductor L and its
associaed cathode heater windings CHW.

Tank inductor L is wound on a main bobbin MB, which
is positioned on the center leg CL of a ferrite E-core FEC,
which is combined with an matching ferrite I-core FIC. Two
of the cathode heater windings (the two which each powers
a single thermionic cathode) are wound on a first auxiliary
bobbin AB1, which is placed on one of the outer legs OL1
of ferritc E-corc FC; and the remaining cathode heater
winding (the one thal powers two thermionic cathodes) is
wound on a second auxiliary bobbin AB2, which is placed
on the other outer leg OL2 of the femite E-core,

Explanation of Waveforms of FIG. 14

With reference to the circuit diagram of FIG. 12, the
various waveforms of FIG. 14 may be explained as follows.

Waveform (a) represents the 120 Volt/60 Hz power line
voltage present across power inpul lerminals PITA/PIT2.

Waveform (b) represents the current flowing from the
power line and into power input terminals PITW/PIT2.

Waveform (¢) represents the aliernating voltage present at
junction Jg, which is substantially the same as that present
Al junction Jx, prior to lamp ignition.

Waveform (d) represents the allemnating voltage present at
junction Jy prior to lamp ignition.

Waveform {e) represents the voliage present between
Jjunctions Jx and Jy, which is the same a3 the voltage present
hetween ballast ontput terminals BOT1 and BOT2, prior 1o
lamp ignition.

Waveform (f) represent the current flowing through tank
inductor L.

Waveform (g} represent the waveform of the voltage
present a1 the base of transistor Q1.

Waveform (h) represents the alternating voltage present at
junction Jg, which is substantially the same as that present
at junction Jx, afier lamp ignition.

Waveform (i) represents the aiternating voltage present at
junction Jy after lamp ignition.

Waveform (j) represents the voltage present between
junction Jx and Jy, which is the same voltage as is present
between ballast oviput terminals BOT1 and BOTZ, after
iamp ignition.

Waveform (k) represents the current flowing through onc
of the fluorescent lamps in response 10 the voltage repre-
sented by waveform ().

Waveform (1) represent the current flowing through tank
inductor L after lamp ignition.

Details of Operation of the Main Preferred
Embodiment

The unfiltered full-wave-rectified power line voliage
present between the DC— terminal 2nd the DC+ terminal has
an instantaneous absolute magnitude that is substantially
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equal to that of the 120 Volt/60 Hz power line voltage
impressed between power input terminals PIT1 and PIT2.
Thus, within 2 few milliseconds of application of this power
line voltage, energy-storing capacitor ESC will be charged-
up 1o the peak magnitode (i.e., shout 160 Volt) of the power
line voltage.

Setf-sustaining inverter operation is then initialed by
providing a brief current pulse 10 the base of transisior Q1.
{While this can be done manually, in an actual ballast the
tripgering will be done automnatically by way of a simple
rigger means consisting of a resistor, a capacitor and &
Diac.)

Once triggered, the inverter (which consists of principal
companents ESC, Q1, Q2, ST1, 572, L, C', C*, HR3 and
HR4) will enter into 8 mode of stable self-oscillation as a
result of the positive current feedback provided via saturable
transformers §T1 and ST2; and will provide a 33 kHz
{actually: a frequency in the range between 30 and 40 kHz)
alternating voltage at junction lg; the waveform of which
alternating vollage will be as illustrated by waveforms (c)
and (b} of FIG. 14.

The inverter’s outpul voltage is coupled to the gaic of
field-effect transistor Qu by way of capacitor Cl, thereby
causing & positive gate voltage to develop thereat each time
the inverter’'s output voltage increases in magnitude, Mare
specifically, as the instantaneous magnitude of the vollage at
junction Jq starts 10 rise (L.e., stans going toward a positive
potential), & pulse of positive current flows through capaci-
tor CI and into the gate of Qu, thereby causing the voltage
al the gate to increase rapidly to the point where Zener diode
Z1 starts to conduct in its Zenering mode. That ig, by action
of Zener diode Z1, the voltage on the gate is prevented from
attaining a positive voltage higher than about 15 Volt. Once
having increased to 15 Volt positive, however, the gate
voliage will remain substantially at that level until either: (i)
& reverse current is provided through capaciter C1, or (if)
control transistor Qc is switched ON. Such a reverse current
will indeed be provided as soon as the instantancous mag-
nitude of the voltage at junction Jq starts to Tall (i.c., starts
going toward a negative potential); which will occur about
15 micro-seconds afier it started to rise. (It is noted, how-
ever, that the gate voltage is prevented from going more than
about 0.7 Volt negative due to the plain rectifier action of
Zener diode Z1. )

In other words, a 33 kHz substaniially squarewave-shaped
altemnating voitage is provided at the gate of transistor Qu,
thereby—at a 33 kHz rate—causing this trassistor to switch
ON and OFF with an ON-duty-cycle that is limited w0 a
maximum of 50%. Thus, during each positive-voltage seg-
ment of the squarewave-like gate voltage, energy-storing
inducior ES] geis connected across termingls DC—- and DC+,
thereby to be charged-up from the voltage present therebe-
tween. Then, during each zero-voltage (or negative-voltage)
segment of the squarewave-iike gate voltage, the eneigy
having been stored-up in inductor ESI during the previous
half-cycle gets deposited on energy-storing capacitor ESC
via rectifier HR1.

If transistor Qu were to be switched ON and OFF at 2
constant frequency {i.¢., 33 kHz ) and at a constant duty-
cycle (e.g., 50%), the magnitude of the current drawn from
the DC+ terminal would increase more than proportionalty
with the magnitude of the DC voltage provided thereas;
which would result in the instantaneous magnitude of the
current drawn from the power line not being proportional to
the instantancous magnitude of the power line voliage;
which, in turn, would result in a Jower-than-desired power
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factor as well well as a higher-than-desired amount of
harmonics.

Without any input provided to its second control input
terminal CIT2, the interval timer circuit (ITC) operuies in
such manner as 1o cause control transistor Qc avtomatically
1o switch ON about 12 micro-seconds each time after the
field effect transistor Qu has been swiiched ON. Thus, absent
a contral voltage at second contro] input terminal CIT2, field
effect transistor Qu is switched ON for a duration of about
12 micro-seconds once every 30 micro-secends (ie., at &
rate of 33 kHz).

However, this duration of 12 micro-seconds is caused to
decrcase as a monotonic function of the magnitude of the
voltage provided at second contro] input terminal CIT2; and,
since the magnilude of the voltage provided at this second
control input terminal CTT2 is made to increase with incress-
ing magnitude of the DC+ veltage (as provided via resistor
R6), the duration of the ON-time of the field effect transistor
Qu will decrease with increasing magniwde of the DC+
voltage. As an overall result, the waveshape of the current
drawn from the power line will be improved, thereby
providing for a power factor of sbout 99% and a total
harmenic distortion of well under 10%.

A key aspect of the main preferred embodiment relates to
the shape of the waveform of the alternating voltage pro-
vided at the inverier's output (e.i., at junction Jq); which
waveform is shown by waveforms (c) and (h) in FIG. 14 and
may be described as a first quarter segment consisting of the
initial 90 degrees of a sinusoidally rising voltage, followed
by a second quarter scgment consisting of a substantially
constant-magnitude positive voltage, followed by a third
quarter segment consisting of the initial 90 degrees of a
sinuscidally falling voltage, followed by a fourth quarter
segment consisting of a substantially constant-magnitde
negative voltage,

This particular wave shape is atteined in pat by making
the tank inductor have a naturael resonance frequency with
tank capacitor C' that is substantially equal to the inverter’s
fundamental operating frequency.

However, the shape of the waveform of the alternating
voliage provided at junction Jy is equally imponant to the
proper functioning of the preferred embodiment; which
waveshape is illustrated by waveforms (d) and (i) of FIG. 14,
and may be described in a manner similar to that of the
waveform of the aliernating voltage provided at junction Jq.

The particular waveshape of the altemating voltage
present at junction Jy is attained in part by making the tank
inductor have a natural resonance frequency with tank
capacitor C" that is substantially equal to that of the inven-
er’s fundamental operating frequency, Thus, the capacitance
of tank capacitor C' should be about equal to that of tank
capacitor C".

Moreover, the ON-time of each of the inverter's two
swilching transistors {Q1 and Q2) should be cqual to one
quarter of the duration of a complete period of the naturat
resonance frequency of the tank inductor and either one of
the two tank capacitors (C' and C7).

The voltage existing between junctions Jq {or Jx) and
junction Jy will be perfectly sinusoidal when all the condi-
tions spelied-out above are in effect. However, prior to lamp
ignition, the waveform is sinusoidal except for brief inter-
vals between cach half-cycle; during which intervals the
magnitude is z¢ro. Yet, afier lamp ignition, the waveform is
indeed sinusoidal.

‘The reason for the difference in the waveforms before and
after lamp ignition relates mainly to the effect of loading the
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L-C/C" tuned circuit; which loading causes the natural
resonance period to change slightly from the unloaded
condition.
As can be seen from waveform (k) of FIG. 14, the crest
factor of the resulting lamp current is sbout 1.4, which is

~ considered excellent,

It should be noted that, under the condition of perfect
timing and tuning—as represented by waveform (j} of FIG.
14—only one of the tank capacitors is acting as lank
capacitor at any one time. In fact, they alternate with quarter
cycle intervals.

The peak magnitude of the ballast output voltage—ie.,
the voliage provided between junctions Jx and Jy-—is
exactly equal 10 the magnitude of the DC supply voltage
provided between the B— bus and the B+ bus. A typical
preferred magnitude for the DC supply voltage is about 350
Volt; which magnitude can—by way of simple control of the
up-converter function (as provided by field-cfect wansistor
Qu in combination with its associated timing circuit)}—
briefly be increased to about 450 Volt o facililate the lamp
ignition process.

The magnitude of the DC supply voltage is rcgulated by
way of interval timer circuit ITC to be about 350 Volt, This
regularion is accomplished with the heip of Zener diode Z3,
which has a Zenering voltage slightly below 330 Volt. Thus,
as soon as the magnitude of the DC supply voltage tends to
increase beyond 350 Volt, cumrent starts flowing through
resistor R4, thereby: (i) starting to increase the maguitude of
the voltage applied to the second control input terminal
CIT2, (ii) in wmm, staning to shorten the duration of the
ON-time of field effect transistor Qu, and (iii) in further wrn,
to reduce the amount of energy pumped up to the B+ bus per
operating cycle of the up-converier.

The 33 kHz voltage provided between the ballast output
terminals BOT1 and BOT2 is balanced with respect to
ground; which means that eleciric shock hazard problems
are sutomatically mitigated. In fact, in case of ordinary
F40/T-12 fluorescent lamps, with reference to the so-called
U.L, “pin test”, safety from eleciric shock hazard is provided
for withoul resorting to the usual isolation transformer or
ground-fault interrupt means.

Details of the Modified Main Preferred
Embodiment

The circuil errangement of FIG. 18 is identical to that of
FIG. 12 except that; (i} a high-pass capacilor HPC is
connected between junction Jx and ballast output terminal
BOTI; (if) & first series-combination of a first starting eid
diode SADI1 and a first starting aid resistor SARY is con-
nected across the terminals operative 1o receive and hold
flucrescent lamp FL1; and (iif) a second series-combination
of a second starting aid diode SAD2 and a second starting
sid resistor SAR2 is connected across the lerminals opera-
tive 1o receive and hold fluorescent lamp FL2.

The main purposc of capacitor HPC is that of blocking the
flow of unidirectional and low frequency (ie., 60 Hz)
cumrent from any of the lamp sockets (i.e., from any the
1erminals operative 10 receive and hold the fluorescent
lamps) to ground. The purpose of this blockage is that of
preventing electric shock hazand 10 a person servicing the
lighting fixture in which the lamps are used. The high-
frequency voltage developing across capacitor HPC is of
negligible magitude in comparison with the magnitude of
the high-frequency voltage provided between ballast output
terminals BOT1 and BOT2.
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To avoid such self-destruction, arrangements can readily
be made wherchy the very act of removing the load amo-
matically establishes a situation 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 automatically
being removed whenever the lamp is removed—the inverter
circuit is protecled from self-destruction.

(d) At frequencies above & few kHz, the load represented
by a fluorescent lamp-—once it is ignited—is substantially
resistive. Thus, with the voltage &cross lamp 11 being of a
substantially sinusoidal waveform (as indicated in F1G. 3d),
the curent 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 ballasting circuit 16
in the exact same manner as is load 26 connected with the
circuit of FIG. 2. That is, it is connecied in parallel with the
tank capacitor {52) of the L-C series-resonant circuit. As is
conventional in instant-start Auorcscent lamps—such as
lamp 11 of FIG. 1—the two terminals from cach cathode are
shoried together, theseby to constitule a situation where each
cathode effectively is represened by only a single terminal.
However, it is not necessary that the two terminals from each
cathode he shorted together; in which case—for instant-start
operation—connection from a lamp's power supply and
ballasting means nced only be made with one of the termi-
nals of each cathode.

(D 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

.expeciedly vary between 100 and 1000 pico-Farad—de-

pending on the nature of the wiring hamess used for con-
pecling between the output of secondary winding SW and
the plural terminals of Jamps FL1/FL2.

(g) The worst case of parasitic osciliation associated with
the circuit arrangement of FIG. 9 is apt to occur when the
value of the parasitic capacitance (i.e., the capacitance of the
ballast-to-lamp wiring hamess) is such as 10 cause series-
resonance with the output-series induciance of secondary
winding

The purpose of each of the two scrics-combinations—
which consist of elements SAD1 & SAR] and SAD2 &
SAR2—is thai of facilitating lamp ignition. The magnitude
of each of starting aid resistors SAR1 and SAR2 is chosen
such as to provide for a certain degree of build-up of DC
voltage on cach of the associated ballast capacitors; which
DC voltage will aid in lzmp ignition; yet, being strictly
limited in terms of the maximum amount of DC current
caused to flow through the lamp during normal operation,
will have no negative impact on basic lamp life and function.

The advantage of the indicated DC starting aid cirenit is
that it permits proper lamp starting with far lower magnimde
of high-frequency outout voltage than otherwise required.
For instance, due to certain peculiaritics with some F34/T-12
fluorescent lamps, without the herein described DC starting
aid method, a lamp starting voltage of about 350 Volt RMS
is required. With instant DC starting aid method, a siarting
voltgage of 250 Volt RMS is quite sufficient.

Of course, reduced starting voltage requirements give rise
10 improved ballast efficiency, lighter component specifica-
tions, reduced size and weight, elc.

Additional Explanations and Comments

{a) With reference to FIGS. 2 and 5, adjustment of the
amount of power supplied 10 load 26, and thereby the
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amount of light provided by lamp 71, may be accomplished
by applying a volisge of adjustable magnitude 10 input
terminals 1P1 and 1P2 of the Toroid Heater; which is
thermally coupled with the toroidal ferite cores of saturable
transformers 47, 49,

(b) With commonly available components, inverter circuit -

24 of FIG. 2 can be made to operate efficiently at any
frequency between 2 few kHz to perhaps as high as 50 kHe.
However, for various well-known reasons (i.e., eliminating
audible noise, minimizing physical -siz¢, and maximizing
efficiency), the frequency actually chosen is in the range of
20 to 40 kHz.

(c) The fluorescent lighting unit of FIG. 1 could be made
in such manner as to permit fluorescent lamp 11 to be
disconnectable from its base 12 and ballasting means 16,
However, if powered with normal line voltage without its
lamp load connected, frequency-converting power supply
and ballasting circuil 16 is apt 10 self-destruct. SW at the
third harmonic component of the inverter's output voltage.
The next worst case of parasitic oscillation is apt to occur
when the value of the parasitic capacitance is such as to
scries-resonate with the output-series inductance at the fifth
harmonic component of the invenier's output voltage. With
the typical value of 5.4 milli-Henry for the output-series
inductance, it lakes a total of aboul 600 pico-Farad to
resonate at the third harmonic component of the inverter's
30 kHz output vollage; and it takes about 220 pico-Farad to
resonate at the fifth hanmonic component of the inverter's
output voltage. These capacitance values are indeed of such
magnitudes that they may be encountered in an actual usage
situaion of an clectronic ballast. Moreover, at higher
invener frequencies, the magnitudes of the critical capaci-
tance values become even lower

(h) FIG. 10 shows cathode heater windings CHW placed
on a bobbin separaiz from that of primary winding PW as
well as separate from thet of secondary winding SW. How-
ever, in many situations, it would be beuter to place the
cathode heater windings directly omo the primary winding
bobbin B1. In other situations it would be better to place the
cathode heater windings directly onio the secondary windi
bobbin B2. .

If the cathode heater windings are wound on bobbin Bl
(i.c. in tight 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, if
the cathode heater windings are wound on bobbin B2 (Le. 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 condu-
cive to high luminous efficacy.

By placing the cathode heater windings in a location
between primary winding PW and secondary winding SW,
it is possible to attain an optimization effect: 2 maximization
of luminous efficacy combined with only a modest sacrifice
in lamp life. That is, by adjusting the position of bobbin B3,
a corresponding adjustment of the ratio of pre-ignition to
post-ignition cathode heater voltage magnitudc may be
sccomplished.

(i) For casier lamp starting, 2 starting #id capacitor may be
used in shunt across one of the fluorescent lamps FLE/FL2.

Also, a siariing ald electrode (or ground plane) may
adventageously be placed adjecent the fivorescent lamps;
which starting aid electrode should be electrically connected
with the secondary winding, such as via a capacitor of low
capacitanoe value,

—
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{j) To control (reduce) the degree of magnetic coupling
between primary winding PW and secondary winding SW,
a magnetic shunt may be positioned across the legs of the
E-cores—in 2 posilion between bobbins B1 and B3.

(k) Considering the waveforms of FIGS, 1A, 11A and 1IE
each to include 360 degrees for each full and complete cycle:
(i) each half-cycle would include 180 degrees; {ii) each total
up-slope would include almost or about 60 degrees degroes;
(iii) each total down-slope would include almost or about 60
degrees; and {iv) each horizontal scgment would include
about 120 degrees or more. Yet, as previously indicated,
substantial utility may be attained even if cach coinplete
up-slope and down-slope were to include as Littte 18 degrees.

(1) In the FIG. 9 circuit, the invener's operating frequency
is not ordinarily (or necessarily) equal 10 the natural reso-
nance frequency of the parallel-tuned L-C circuit that con-
sists of slow-down capecitor SDC and the input-shmt
inductance of primary winding PW. Rather, the inverter's
actua] pperating frequency is ordinarily lower than would be
this natural resonance frequency.

{m) With reference to FIG. 111, in & trapezoidal waveform
that constitutes a best fit for a sinusoidal waveform, the pesk
magnitude is lower than that of the sinusoidal waveform,
and the up-slope and down-slope are each steeper that the
corresponding slopes of the sinusoidal waveform.

£n) The FIG. Y inverter arrangement has to be triggered
into seif-oscillation. A suiteble sutomatic triggering mcatis
would include a resistor, a capacitor, and a so-called Diac.
However, manual triggering may be accomplished by
merely momentarily connecting a discharged capacitor {of
relatively small capacitance valuc) between the gate of
transistor FET1 and the B+ bus.

{0) Most switching-type field effect Lransistors have built-
in commutating (or shunting) diodes, as indicated in FIG. 9.
However, if such were not to be the case, such diodes should

* be added externally, as indicated in the FIG. 2 circuil.

(p) In ordinary inverter circuits, the inverier output volt-
age is effectively a squarewave voltage with very steep
up-slopes and down-slopes. In inveriers using field effect
transistors, the time required for the inverter’s squarewave
output voliage to change between its extreme negative
polential to its extreme positive potential is usually on the
order of 100 nano-seconds or less. In inverters using bi-polar
transistors, this time is usually on the order of 500 nano-
seconds or less. In the inverter of the FIG. 9 circuit, however,
this time has been extended—by way of the large-capaci-
tance-value slow-down capacitor SDC—0 be on the order
of scveral micro-seconds, thereby achieving a substantial
reduction of the magnitudes of the harmonic compancats of
the inverter’s (now trapezoidal) output voltage.

(q) In an actua! prototype of the FIG. 9 ballast circuit—
which prototype was designed to properly power two 48
inch 40 Watt T-12 fiuorescent lamps—ihe following
approximate parameters and operating results prevailed:

1. operating frequency: ebout 30 kHz;

. slow-down capacitor: 0.02 micro-Farad;

. shunt-input inductance: 1.4 milli-Henry;

. up-siope duration: about 4 micro-seconds;

. down-slope duration: about 4 micro-seconds;

. series-output inductance: 5.4 milli-Heory;

. parasitic capacitance scross BOTL/BOT2 ierminals;
800 pico-Farad;

8. power consumption when unloaded: about 4 Watt;

9. power consumption when loaded with two F4OVT12

fluorcacent lamps: about 70 Watt;

-3 ONA AWM
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10. power consumption when unioaded but with siow-

down capacitor removed: sbout 80 Watt.

1t is be noted that the natura} resonance frequency of the
L-C circuit consisting of 2 slow-down capacitor of 0.02
micro-Farad as parallel-combined with a shunt-input indue-
tance of about 1.4 milli-Henry is about 30 kHz. This means
that—as far as the fundamenta! compenent of the 30 kHz
inverter omtput voltage is concemed—the parallel-tuned L-C
circuit represents a very high impedance, thereby constitut-
ing no substantive loading on the inverter's output.

{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-tzpped transformer 96 would be modified
in the sense of being made as a lcakage transformer in full
correspondence with leakage transformer LT of FIG. 9.
Also, of course, inductor 119, capacitor 118, and load 121
would be removed. Instead, the load would be placed & the
output of the secondary winding of the modified center-
tapped transformer 96; which would be made such as to have
appropriate values of input-shunt inductance and output-
series inductance, Capacitor 117 would constitute the slow-
down capacitor.

(s} The auxiliary DC supply voliage required for proper
operation of interval timer circuit ITC is obtained by way of
capacitor CZ from the inverter's squarewave output voliage.
The magnitude of this auxilizry DC supply voltage (about 10
Voli) is determined by the Zenering voltage of Zener diode
Z2. Filtering filtering of this DC voltage is accomplished via
capacitor C3.

() To meet usual requirements with respect to EMI
suppression, suilable fiker means is included with bridge
rectifier BR. -

{v) Further detalls with respect Lo the operation of a
half-bridge inverter is provided in U.S. Pal. No. 4,184,128 10
Nilssen, particularly via FIG. B thereof.

(v) Power source 8 in FIG. 1 is shown as having one of
its terminals connected with earth ground, In fact, it is
standard practice that one of the power line conductors of an
ordinary electric utility power line be electrically connected
with earth ground.

(w) The B~ bus of the baliast circuit of FIG. 2 is
connected with one of the DC output terminals of bridge
rectifier BR; which means that, at least intermivtently, the B—
bus is electrically connected with earth ground.

(x) The term “crest factor” pertains to a waveform and
identifies the ratio between the peek magnitude of that
waveform to the RMS magnitude of that waveform. Thus, in
case of a sinuscidal waveform, the crest factor is about 1.4
in that the peak magniwde is 1.4 times as Jarge as the RMS
magnitude.

{y) In the arrangement of FIG. 12, if additional output
voltage magnitude were to be desired, an auailiary second-
ary winding may be added 10 tank inductor L. However,
cxcept if lamps were not going to be paraliel-connected, this
auxiliary winding should be tightly cou-led with the tank
indoctor winding.

However, in case just a single Auorescent Jamp {or two or
more series-connected lamps) were to be used, this auxiliary
secorklary winding could advantageously be loosely coupled
with the tank inductor winding, in which case its internal
inductance could be used as the ballasting reactance.

(z) In an actual prototype of the FIG. 12 ballast circuit—
which prototype was designed to properly power two 40
Watt T-12 fluorescent lamps—the following approximate
parameters and operating results prevailed:

1. operating frequency: 35 kHz;

2. first tank capacitor €' 0.022 micro-Farad;
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3, second tank capacitor C*: 0.022 micro-Farad;

4, tank inductor L: 0.9 milii-Henry;

5, total up-siope duration: 7.0 micro-seconds,

6. 1oia] down-siope duration: 7.0 micro-seconds;

7. inverter transistor ON-time: 7.0 micro-seconds;

8. each ballast capacitor BCH/BC2: 0.0056 micro-Farad;

9. power consumption when unloaded: jess than 5.0 Watt;

10. lamp current crest factor: 1.3;

11. magnitude of DC supply voltage: 400 Voly;

12. each fivorescent lamp: FAWT-12;

13. total power when fully Joaded: 75 Wat

(aa) With reference to FiG. 13, by balancing the cathode
heater windings between the two outer legs of the ferrite
E-core, short circuit protection is attained. If the cathode
heater winding(s) on one of the legs werc 10 be shor-
circoited, the magnelic flux in the core will simply auto-
matically flow through the ather leg and—although provid-
ing more cathode heating power 10 the cathodes connected
to the windings on this other leg—will not give rise to any
critical damage. :

(ab) With reference to FIG. 10, it is noted that dimming
of light oulput can be achieved by providing for an adjust-
able magnetic shunting means positioned between primary
winding PW &nd secondary winding SW; which magnetic
shunting means should provide for a shunting path for
magnelic flux between the two outer legs and the ceater leg
of the E-cores.

{ac) Careful analysis of the waveforms of FIG. 14 will
reveal that—for a given magnitude of the DC supply volt-
age—the peak-lo-peak magnitude of the AC voliage pro-
vided across ballast output terminals BOT1 and BOT2 will
be ever so slightly lower before lamp ignition as compared
with after lamp ignition. This effect is duc to the slightly
imperfect phasing between waveforms (c) and (d) versus
that between waveforms (h) and (1); which imperfect phas-
ing is evidenced by the brief zero-magnitude scgmenta of
waveform {c).

However, due to the normal effect of lamp loading, the
magnitude of the DC supply voliage is apt to be somewhat
higher prior 10 lamp ignition as compared with afier lamp
ignition; which latter effect will more than cancel the effect
of phasing imperfection.

(ed) Although it is indicated that tank capacitor C' be of
the same capacitance as that of tank capacitor C", such is by
no means necessary. In fact, in some situations it is distinctly
an advaniage for one tank capacitor to have a larger capaci-
tance then that of the other tank capacitor.

(2e) In FIG. 13, an slternative location for the cathode
heater windings is on fermite T-core FIC—with one set of
windings on each side of the center leg of ferrite E-core
FEC.

(2f) The basic concepl nnderlying the DC starting aid
circuil represented by elements SAD1 and SARY of FIG. 15
is thet of providing a starting aid current of low frequency
{or DC) in a situation where the main lamp operating power
will be provided by way of a high-frequency current. That
way, since the magnitude of useful starting aid cument is
very small compared with the magnitude of the lamp’s
normal operating current, the Volt-Ampere raling of the
power supply means used for providing staning aid current
can be very small compared with the Voli-Ampere rating of
the power supply means having used to supply the main
lamp operating current.

The basic value associated with supplying starting aid
current via a source separate from that supplying the main
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lamp operating current, is that of a substantial reduction in
the Volt-Ampere requirements of the source supplying the
main Jamp operating current. In particular, if the lamp were
10 be started (i.e., ignited) by the source providing the main
lamp operating current, the Voli-Ampere rating of that
source would have 10 be the product of the lamp starting
" voltage and the lamp operating current. However, by way of
subject starting aid means, the magnitude of the open circuit
voltage actually required to be supplied by the source
delivering the main lamp operating current can be reduced
by & factor of about two, thereby reducing the Volt-Ampere
rating of that source by that same factor,

(ag) With reference to FIG. 15, when fluorescent Jamp
FL1 is not connected with its socket terminals (as indicated
by the two pairs of double arrows), the peak magnitude of
the voltage provided between these socket lerminals is equal
to twice the peak magnitude of the high-frequency vollage
provided at ballast output termingls BOT1 and BOT2.
Similarly, with the lamp in its socket bul prior to lamp
ignition, and assuming resistor SAR1 to be of sufficiently
low resistance value (c.g., about 22 kOhm) the peak mag-
nitude of the vollage present across the lamp terminale is
equal to twice the peak magnitade of the high frequency
voltage; which explains why the series-combination of diode
SAD1 and resistor SAR1 connected actoss the lamp termi-
nals constitutes such an efective starting aid means in
situptions where the main lamp operating corrent is sullied
by way of a capacitor, such as ballast capacitor BC1.

{ah) In the circuit arrangement of FIG. 15, the tamps are
seen to be connected directly across inductor L. However, in
most cases either 2 higher-magnitude voltage or a lower-
magnitude voltage than that developing across inductor L
will be required for optimum operation of the lamps. When-
ever a higher-magnitude voltage is required, the preferred
arrangement is to tightly couple two additional windings
with inductor L. One of these windings should then be used
in auto-wansformer fashion to add to the magnitude of the
output voliage provided at ballast output terminals BOT1,
and the other of these windings should similarly be used to
add to the magnitude of the oulput voltage provided at
patlast outpul terminals BOT2. Whenever & lower-magni-
ude voltage is required, ballast output terminals should be
connected with two symmetricaliy-arranged teps on induc-
tor L.

(i} By direct inspection of FIG. 14, it can be seen that the
RMS magnitade of waveform (f), which represents the AC
voltage presemt between ballast output terminals BOTV
BOT2 under full load, is Jarger than that of waveform (d),
which represents the AC voltage present between culpsat
terminals BOTL/BOT2 under no load.

Thus, the RMS magnitude of the AC output voliage
provided between ballast output erminals BOT] and BOT2
is larger after the lamps have ignited compared with prior to
lamp ignition.

(aj) It is thought that the present invention and many of its
atiendant advantages will be understood from the foregoing
description and that many changes may be rnade in the form
and construction of its components parts, the form described
being merely a preferred embodiment of the invention.

! claim:

1. An arrangement comprising:

a source functional to provide an AC voltage between &
first and s second source terminal; there being subatan-
tially no galvanic connection between the first source
terminal and earth ground; there being substantial gal-
vanic conneclion between the second source terminal
and carth ground; the term galvanic connection being

10
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defined as a connection by way of which a unidirec-
tional current can flow;

a capacitor having a first and a second capacitor terminal;
the first capacitor terminal being comnected with the
second source terminal; and

ges discharge lamp having a first and 8 second lamp
terminal disconnectably connected with the first source
terminel and the second capacitor terminal, respec-
tively;

wherchy neither the first source terminal nor the second
capacitor terminal exhibits galvanic connection with
earth ground.

2. The arrangement of claim 1 wherein the frequency of
the AC vollage is larger by at Jeast two orders of magnitude
compared with the frequency of the power line voltage
normally present at an ordinary electric utility power line.

3. The arrangement of claim 1 wherein: (i) the source is
connecled in circuit with an ordinary clectric wtility power
Jine; and (if) current of frequency about equal to that of the
voltage present on the power line is substantially prevented
from flowing between carth ground and the first source
terminal as well as between carth ground and the second
capacitor terminals,

4, The arangement of claim I wherein, prior 1o lamp
ignition: (i) an ignition vollage cxists beiween the iamp
terminals; and {ii) the ignition voliage includes a substantial
component of DC voltage,

. An arrangement comprising:

a circuit assembly operative to provide a DC voltage at a

pair of DC terminals;

an inverter connected with the DC termninals and operative
to provide an AC voliage between a pair of AC termi-
nals;

gas discharge lamp having a pair of Jamp terminals; and

a sub-circuit connecied between the AC terminals and the
lamp terminals; the sub-circuit being operative 1o cause
a lamp current to flow throngh the lamp;

the arrangement being operative to cause the RMS mag-
nitude of the AC voltage 1o be higher afier lamp
ignition compared with before lamp ignition,

6. An arrangement cornprising:

a power source providing a power line voltage at a pair of
power line terminals;

a first sub-circuit connected with the power line terminals
and operative (o provide a DC voliage at & pair of DC
terminals;

2 second sub-circuit connected with the DC terminals and
opcralive 10 provide an AC voltage between a pair of
AC terminals; the second sub-circuil being character-
ized by having two transisiors scries-connected
between the DC terminals; the AC voltage being char-
acterized by being non-sibusoidal and by having a
peak-1o-peak magnitude distinctly higher than the peak
magnitude of the power line voltage; the AC voliage
being further characterized by having & fundamental
period: (i) during a first part of which its instantaneous
magnitude remains substantielly constant at 8 first
given level; and (ii) during a second pant of which its
instantaneous magnitude remaing subswantially con-
stant at 2 second given level, the second part having a
total duration substantially equal 1o that of the first part
as well as substantially cquel to at least one fourth the
total duration of the whole fundamental period;

gas discharge lamp having lamp terminals; and
& third sub-circuit connected between the AC terminals
and the lamp terminals; the third sub-circuit being
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operative, in response to the AC volage, (o cause & the second part having a totel duration substantially
Jamp current to flow through the lamp. equal to that of the first part as well as distinctly longer
7. The arrangement of claim 6 wherein the lamp corrent . than one fourth the total duration of the whole funda-
has a waveform that is substantially sinusoidal, mental period;

8. The amrangement of claim 6 further characterized in that 4

the absolute magnitude of the DC voltage is distincily higher ges discharge lamp having lamp terminals;

than the peak absclute magnitde of the power line voliage. a third sub-circuit connected between the AC terminals
9. The arrangement of claim 6 wherein each transistor has and the lamp terminals; the third sub-circuit being

a pair of control terminals across which exists a transistor operative, in response to the AC voliage, 10 cause 2

control voltage; the transistor control voltage being charae-

4 . 10 lamp current t¢ flow through the lamp; and
terized by: (i) being of the same fundamental frequency as

that of the AC voltage; (i) having a peak-to-peak magnitude physical structure combining the three subcircuits and the
distinetly higher than twice the magnitude of the forward gas discharge lamp in such manner as to result in a
voliage drop of an ordinary junction diode; and (iii) alter- single substantially rigid physical structure character-
nating between a first substantially constant level and a ized by having a protruding threaded portion adapted to
second sunstantially constant level, spending a certain 3 be screwed imto and held by an Edison-type lamp
amount of time at each substantially constant level, which socket,

certain amount of time is equal to a1 least one founh of the 12. An errangement comprising:

duration of the whole period of the AC volage.
10. An arrangement comprising:

a power source providing a power line voltage at a pair of
power line terminala;

8 first sub-circuit connected with the power line terminals
and operative to provide a DC voltage at a pair of DC

a first sub-circuil adapied to connect with the power line

2 valiage of an ordinary clectric utility power line and,

when indeed so connecied, operative 1o provide a DC
voltage at a pair of DC terminals;

2 second sub-circuit connected with the DC terminals and

operzative to provide an AC voltage between a pair of

terminals; b AC terminals; the AC voltage being characterized by
a second sub-circuli connected with the DC 1erminals and having a fundamental period: (i) during a first part of
operative to provide an AC voltage between a pair of which its instantaneous magnitude remaing substan-
AC terminals; the AC voltage being characterized by tially constant at a first given level; and (ii) during a
having a fundamental period: (i} during 2 first part of ,, second part of which its instantaneous magnitude
which its instantaneous megnitude remains substan- remains substantially constsnt at a second given level,
tially constani at a first given level; and (ii) during a the second part having a total duration substantially
second part of which its instentaneous magnitude equal to that of the first part as well as distinctly longer
remains substantially consiant at & second given level, than one fourth the total duration of the whole funda-
the second part having a total duration substantially 35 mental period;
equal to that of the first part as well as substantially gas discharge lamp having lamp terminals;
equal 10 at Jeast one fourth the total duration of the a third sub-circuit connected between the AC terminals
whole fundamental period; and the lamp ierminals; the thind sub-circuit being
gas discharge lamp having lamp terminals; @ operative, in response 1o the AC voltage, 10 cause &
a third sub-circuit connected between the AC terminals Jamp current to flow through the lamp; and
and the lamp terminals; the third sub-circuil being physical structure combining the three subcircuits and the
operative, in response to the AT voltage, to cause 2 gas discharge Jamp in such manner as 10 resull in a
lamp current to fiow through the lamp; and » single substantially rigid physical structurc character-
pbysica) structure: (i} operative to combine the three jzed by having a protruding threaded porion adapted to
sub-circuits and the gas discharge lamp in such manner be screwed into and held by an Edison-type lamp
as to constitute a single integral physical entity; and (i) socket.
including a base adapted to be screwed into and held by 13. The arrangement of claim 12 further characterized by:
a lamp socket of & type usually used for an ordinary %0 (i) the gas discharge lamp having 2 longitudinal axis, a
household incandescent light bulb, maximum longitudinal dimension, and a cross-seclion with
11. An arrangement comprising: a ::axim:nhm 1m-ossse‘;:‘tic‘:]na] dime:sions;ed and ﬁi‘):ai?l a sui‘ematfmz:
s : - wherein the longitudinal axis is disposed vertically,
ap:::::g::;mﬁ:gapowa Vine voltage at a pair of . ::Il;-;imuits all being disposed below the gas discharge
a first sub-circuit connected with the power line terminals 14. The arrangement of claim 13 yet further characterized
and operative to provide a DC voltage at a pair of DC it that: (i) the threaded portion has 8 maximum transverse
terminals; dimension; and (ii) the maximum cross-sectional dimension
2 second sub-circuit connected with the DC terminals and 1310 1?3;? than “‘;‘ times the maximum transvers dimen-
operative‘ to ;frovide an AC voltage between a'pair of © “o{‘;'fhe mu“ gaedmenprlo:::!lkaim 12 forther ch ized by:
AC terminals; the AC voltage being characterized by ; : . .

. e . (i) the threaded portion having a maximum transverse
having a fundamenta! period: (i) during & firspant of  gmepgion: (if) the gas discharge lamp baving but a single
which its instantancous magnitude remains subsian-  chamber of ionizable gas; which chamber being of tubular
linlly constant st & first given level: and (i) during & 5 shape; which twbularly shaped chamber being curved,

second part of which its instantancous magnitude
remains substantially constant at a second given level,

thereby 1o give rise Lo a gas discharge path that is curved;
and (iii} having a pair of thermionic cathodes spaced apart
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by a distance no larger than three times the maximum 17. The arrangement of claim 12 wherein the second part
transverse dimension of the threaded portion. is further characierized by having a total doration that is

16. The arrangement of claim 13 yet further characterized distinctly shorter than half the total duration of the whole
in that the length of the maximum longitudinal dimension is fundamental period.
equal o at least twice the length of thee maximum crogs- 5
sectional dimension. LI L B
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COMPACT SCREW-IN FLUORESCENT
LAMP
RELATED APPLICATIONS

The present application is 2 Continvation-in-Part of Ser.
No. 07/579,569 filed Sep. 10, 1990; which is a Continuation-
in-Part of Ser. No. 06/787,692 filed Oct. 15, 1985; which is
a Continuation of Ser. No. (6/644,155 filed Aug. 27, 1984,
now abandoned; which was a Continuation of Scr. No.
06/555,426 filed Nov, 23, 1983, now abandoned; which was
a Contipuation 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
vis 8 series-resonant LC circuit.

2. Description of Prior Ant

For a description of pertinent prior art, reference is made
to US. Pal. No. 4,677,345 10 Nilssen; which patent issued
from a Division of application Ser. No. 06/178,107 filed
Aug. 14, 1980; which application is the original progenilor
of instant application.

Otherwise, reference is made to the following U.S. Pat
No. 3,263,122 to Genuit; U.S. Pal. No. 3,320,510 to Lock-
Lair; U.S. Pat. No. 3,996,493 to Davenpon et el,; U.S. Pat.
No. 4,100,476 10 Ghiringheili; U.S. Pat, No, 4,262,327 to
Kovacik et al.; U.S, Pat. No, 4,370,600 to Zansky; U.5. 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 clectronic ballasts as well as compact screw-in
fluorescent lamps.

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

Bricf Description

The present invention is directed 1o providing improved
inverter circuits for powering and controiling 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 “instant-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 circuit with the invener transistors to be ener-
gized upon periodic transistor conduction. Transistor drive
current is preferably provided through the use of at least one
saturable inductor to control the transistor inversion fre-
quency to be cqual to or grealer than the pature resonant
frequency of the inductor and capacitor combination. The
high voltages cfficiently developed by loading the inverter
with the inductor and capacitor are ideally suited for ener-
gizing external loads such as gas discharge lamps. In such an
application, tbe use of an adjustable inductor permits control
of the inverter output as a means of adjusting the Jevel 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 circuit to
drive the transistors for alternele conduction. The inverters

5

15

20

3s

40

45

50

35

2

also include a load having an induclance sufficient 1o effect
periodic energy storage for self-sustained Iransistor inver-
sion. Importantly, improved reliability is achicved becausc
of the relatively low and transient-frec voltages across the
Iransistors in these half-bridge inveriers.

Further, according to another feature of the present
invention, novel and economical power supplies particulariy
useful with the disclosed inverter circuils convert conven-
tional AC input voltages to DC for supplying to the invert-
ers,

Yet further, according to still another festure of the
invention, a rapid-stan fluorescent lamp is powered by way
of a series-resonant LC circuit; while heating power for the
lamp's cathodes is provided via loosely-coupled auxiliary
windings on the tapk inducior of the LC circuil.
Alternatively, cathode heating power is provided from
tightly-coupled windings on the tank inductor; in which case
output current-limiting is provided vis a non-linear resis-
lance 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 staodard 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;

FIGS. 3A-3D is 2 set of waveform diagrams of ceriain
significant voltages and currents occurring in the circuit of
FIG. 2;

FIG. 4 is a schematic diagram of a DC power supply
connectable 10 both 120 and 240 volt AC inpuls;

FIG. 5 is a schematic diagram which iliustrates the
connection of a non-self-ballasted gas discharge lamp unit o
the FIG. 2 inverter circuit;

FIG. 6 is a schematic diagram which illustrates the use of
a toroid beater for regulation of the inverter output,

FIG. % is an alternate form of push-pull inverter circuit
accordind to the present inveniion;

FIG. 8 is a schematic diagram showing the conpection of
a gas discharge lamp of the “rapid-start” Lype to an inductor-
capacilor-loaded inverier according (o the present invention;

FIG. 9 is a modification of FIG. 8, showing loosely-
coupled auxiliary windiogs on the tank inductor; and

FIG. 10 is another modification of FIG. 8, showing
nonlinear current-limiting means connected with the output
of tightly-coupled auxiliary windings on the tank inductor.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

FIG. 1 illustraies a screw-in gas discharge lamp unit 10
comprising a folded Buorescent lamp 11 suitably secured 1o
an integral base 12. The lamp comprises two cathodes 13, 14
which are supplied with the requisite high operating voltage
from 8 frequency-converting power supply and baliasting
circuit 16; which, because of its compact size, conveniently
fits within the base 12.

The inverter circuit 18 is connecied by leads 17, 18 to a
screw-type plug 19 adapied for screw-in inscrtion into a
standard Edison-type incandescent lamp socket at which
ordinary 120 Volt/60 Hz power line volage is available. A
ground plane comprising a wire or metallic strip 21 is
disposed adjaceni a portion of the fluorescent lamp 11 as a
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starting aid. Finally, 2 manually rotatable external knob 22
is connected to a shafi for mechanical adjustment of the air
gap of a ferrite core inductor to vary the inductarce value
thereof in order to effect adjustment of the inverier voltage
output connected 10 electrodes 13, 14 for controlled varia-
tion of 1he Jamp ilumination intensity.

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 circuil 24. The inverter is operable
to provide & high voltage to ap external load 26, which may
comprisc a gas dischange device such as the fluorescent lamp
11 of FIG. L.

The power supply 23 comprises bridge rectifier having
four diodes 27, 28, 29 and 31 connectable to a 240 volt AC
supply at terminals 32, 33. Capacitors 34, 36 arc connected
between 2 ground linc 37 (in turn directly connected to the
inverter 24) and 10 a B+ line 38 and a B~ linc 3%, respec-
tively. The power supply 23 aiso comprises & voltage
doubler and rectifier optionally connectable 1o a 120 volt AC
input taken between the ground line 37 and terminal 33 or
32. The voltage doubler and rectifier means provides a direct
elecirical coanection by way of line 37 nctween one of the
120 volt AC power input lines and the inverier 24, as shown
in FI1G. 2. The bridge rectifier and the voltage doubler and
rectifier provide substantially the same DC cutput voltage to
the inverter 24 whether the AC input is 120 or 240 volts.
Typical voltages arc +160 volts on the B+ line 38 and —-160
volts on the B- line 39.

With additional reference to FIG. 4, which shows an
alicroate power supply 2%, the AC inpul, whether 120 or 240
volts, is provided at lerminals 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
33 (for 240 volt operation). In all other respects, power
supplies 23 and 23’ arc identical.

The inverter circuit 24 of FIG. 2 is a half-bridge inverter
comprising iransistors 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
connected to the B+ line 38, the emitter of transistor 42 and
the collector of transistor 43 ar¢ connected to a midpoint line
44 (designated “M") and the emitier of transistor 43 is
connecled to the B- line 39. The midpoint line 44 is in turn
connecied to the ground line 37 through primary winding 46
of a toroidal saturable core transformer 47, a primary
windling 48 on an identical transformer 49, an inductor 51
and a series-connected capacitor 52. The inductor 51 and
capacitor 52 are energized upon alteraate transistor conduc-
tion in a manner to be described later.

An cxicrnal load 26 is preferably taken off capacitor 52,
as shown in FIG. 2. The inductor 51, preferably a known
ferrite core inductor, hias an inductance variable by mechani-
cal adjustment of the air gap in order to effect variation in the
level of the inductor and capacitor voliage and hence the
power available to the load, as will be described. When the
load is a gas discharge lamp such &s lamp 11 ia FIG. 1,
varialion in this inductance upon rotation of knob 22 accom-
plishes 2 lamp dimming effect.

Drive current to the base terminals of transistors 42 and 43
is provided by secondary windings 53, 54 of transformers
49, 47, respectively. Winding 53 is also connected 1o mid-
point lead 44 through a bias capacitor 56, while winding $4
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 0 be described later, the

35

45

50

55

65

4

base of iransistor 42 can be optionally connected 10 a diode
61 and a scries Zener diode 64 in turn connecied to the
midpoint line 44; similarly, a diode 63 and scrics Zener
diode 64 in turn conpected to the B- line 39 can be
connected to the base of transistor 43, Shunt diodes 66 and
67 are connected across the colleclor-cmitter terminals of
transistors 42 and 43, respectively. Finally, a capacitor 68 is
connected across the collector-emitter ierminals of transistor
43 10 restrain the rate of voliage rise across those terminals,
as will be scen presently.

The operation of the circuit of FIG. 2 can best be
understood with additional reference to FIG. 3, which illus-
irates significant portions of the waveforms of the voltage at
midpoint M (F1G. 3A), the base-emitter voltage on transisior
42 (FIG. 3B), the current through transistor 42 (FIG. 3C),
and the capacitor 52 voltage and the inductor 51 current
(FIG. 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 o charge capacitor
52 and 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 [, drive current to the base of
Iransistor 42 will icrminate, causing voltage on the base of
the transisior to drop to the negative vollage stored on the
bias capacitor 56 in s manner to be described, causing this
transistor 1o become non-conductive. As shown in F1G. 3¢,
current-flow in transistor 43 terminates at the end of period
L

Because the current through inductor 31 cannot change
instantapeously, current will fiow from the B- bus 39
through capacitor 68, causing the voltage at midpoint linc 44
to drop 1o ~160 volts (period Il in FIG. 3). The capacitor 68
restrains the rate of voltage change across the collector and
cmilter terminals of transistor 42. The current through the
inductor 51 reaches its maximum value when the voltage at
the midpoint line 44 is zero. During period 111, the current
will continue 10 flow through inductor $1 but will be
supplied from the B— bus through the shunt diode 67. Tt will
be appreciated that during the latter half of period I and all
of period 111, positive current is being drawn from & negative
voltage; which, in rcality, means that cncrgy is being
returned to the power supply throughb 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 ils
secondary winding 54 to causc transistor 43 10 become
conductive, thereby causing a reversal in the direction of
current through inductor 51 and capacitor 52. When trans-
former 47 saturales at the end of period IV, the drive current
to the basc of transistor 43 terminates and the current
through inductor $1 will be supplied through capacitor 68,
causing the voltage at midpoint line 44 10 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
transistor drive current only after the current through induc-
tor 51 has diminished to zero. Further, the transistor drive
current is terminated before the current through inductor 51
has reached its maximum amplitude. This coordination of
basc drive current and inductor current is achieved because
of the seriesconnection between the inducior 51 and the
primary windings 46, 48 of saturable transformers 47, 49,
respectively.
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The series-connected combination of 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
capacilor 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 cepacitor 52 is reduced to achieve resonance
with the inductor 51, the voliage on tbe capacitor will rise
and become infinite in a Joss-free circuit operating under
ideal conditions.

It bas been found desirabie to regulate the transistor
inversion frequency, determined mainly by the saturation
time of the sawrabie inductors 47, 49, 1o be equel o or
higher than the natural resonance frequency of the inductor
and capacitor combination in order to provide s high voliage
output 1o external load 26. A high voltage across capacitor
52 is efficienily developed as the transistor inversion fre-
quency approaches the nalural resonant frequency of the
inductor 81 and capacitor 52 combination. Stated another
way, the conduction period of each transistor is desirably
shorter in duration than one quarter of the full period
corresponding to the natursl resonant frequency of the
inductor and capacitor combination. When the inverter 24 is
used with 2 self-ballasted gas discharge lamp unit, it has
been found that the inversion frequency can be at least equal
to the natural resonant frequency of the tank circuit. If the
capacitance value of capacitor 52 is reduced stll further
beyond the resonance point, 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
delermined by the application of the inverier circuit 24.
Variation in the values of the capacitor 52 and the inductor
51 will determine the vollages developed in the inductor-
capacitor tank circuil. The external load 26 may be con-
nected fn circuit with the inductor 51 (by a winding on the
inductor, 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 1o effect periodic energy storage for self-sustained
transistor inversion, the current fecdback provided by the
satursble inductors 47,49 will effect alternate transistor
conduclion without the need for additional voltage fecdback.
When the capacitor 52 is omitted, the power supply 23
provides a dircct electrical connection between one of the
AC power input lines and the inverter load circuit.

Because the voltages across iransistors 42, 43 are rela-
tively low (due to the effect of capacitors 34, 36), the
balf-bridge inverier 24 is very reliable. The absemce of
swilching transicnts minimizes the possibility of ransistor
bum-out.

The ioverter 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 87 arc charged to negative voltages as a
result of reset current flowing into secondary windings 53,
54 from the bases of transistors 42, 43, respectively. This
reverse current rapidly turns off a conducting transislor to
increase its switching speed and to achieve inverter 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 catitled “Bias Control for High Efficiency
Inverier Circuit” (now U.S. Pai. 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
associated transistors upon transistor turn-off.

When 2 tramsistor base-emitier junction is reversely
biased, it exhibits the characteristics of a Zener diode having
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a reverse breakdown voltage on the order of 8 1o 14 Volt for
transistors typically used in high-voltage inverters. As an
aliernative, to provide a ncgative voltage smaller in magni-
tude on the basc 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 basc 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 10 prevent voltages on the inductor 51 and the
capacitor 52 from reaching destructive levels. Such a lamp
provides an initial time delay during which a high voltage,
suitable for instant starting, is available.

FIG. 5 illustrates the use of an aliernate Joad 26' adapted
for plug-in connection o an inverter circuit such as shown
in FIG. 2. The ioad 26' consists of a gas discharge lamp 71
having electrodes 72, 73 and connccted in series with a
capacitor 74. The combination of lamp 71 and capacitor 74
is connected in parallel with a capacitor $2' 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
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 rcasops.

FIG. 6 illustrates a capacitor 52" connected in series with
an inductor 51" through a heater 81 suitable for heating the
toroidal inductors 47, 49 in accordance with the level of
output. The load 26" is connecied across the series combi-
nation of the capacitor 52" and the toroid heater. The heater
81 is preferably designed 1o controllably heat the toroidal
ssturable induciors in order 1o decrease their saturation fux
limit and bence their saturation time. The resull i to
decrease the periodic transisior conduction time and thereby
increase he transistor inversion frequency. When a
frequency-dependent impedance means, that is, an inductor
or a capacitor, is connected in circuit with the AC voltage
output of the inverter, change in the transistor inversion
frequency will modify the impedamce of the frequency-
dependent impdance means and comespondingly modify the
inverter output. Thus as the Jevel of the output increases, the
toraid heater 81 is correspondingly energized 1o cffect
feedback reguiation of the output. Further, transistors 42, 43
of the type used in high voltage inverters dissipaie heat
during periodic Iransistor conduction. As an altcrnative, the
toroid heater 81 can usc this heat for feedback regulation of
the output or control of the temperature of transistors 42, 43.

The frequency dependent impedance means may also be
used in a circuil to epergize a gas discharge lamp at
adjustable illumination levels. Adjustment in the inversion
frequency of transistors 42, 43 resulis in control of the
magnitude of the AC current supplied to the lamp. This is
preferably accomplished where sawurable inductors 47, 49
have adjustable flux densities for control of their satration
time.

FI1G. 7 schematically illustrates an alternate form of
inverter circuit, shown without the AC to DC power supply
connections for simplification. In this Figure, the transisiors
are connccicd in parallel rather than in series but the
operalion is essentially the same as previously described.
in particular, this circuit comprises a pair of aliernately
conducting transistors 91, 92. The cmitter terminals of the
transistors are conoecied to 2 B— line 93. A B+ lead 94 is
connected to the center-tap of a transformer 96. In order 1o
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 having one end connected to the base of its asso-
ciated iransistor; (he other ends are connecled (o a common
terminal 102, One end of transformer 96 is connecied to the
collector of transistor 91 through a winding 103 on inductor
98 in mm connected in scries with a winding 104 on
inductor 97. Likewise, the other end of lransformer 96 is
connected to the collector of transistor 92 through » winding
106 on inductor 97 in series with another winding 107 on
inductor 98.

The B+ terminal is connected to terminal 102 through a
bias resisior 108_ A bias capacitor 109 connects terminal 102
to 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 ransistors 91, 92 are connected by diodes
111, 112, respectively, to a common Zener diode 113 in turn
connected to the B~ lead 93. The common Zener diode 113
serves the same function as individual Zener diodes 62, 64
in FIG. 2.

Shunt diodes 114, 116 are connected across the oollector-
emilter terminals of transistors 91, 92, respectively. A
capacitor 117 connecting the colicctors of transistors 91, 92
resirains the raie 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 connecied in series with
with an inductor 119, the combination being connected
across the collectors of the transisiors 91, 92. A load 121 is
conoected across the capacitor 118.

F1G. 8 illusirates how an inverter loaded with a series
capacitor 122 and inductor 123 can be used to encrgize a
“rapid-start” finorescent lamp 124 (the details of the inverier
circuit being omitted 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 magnetically-coupled auxiliary windings
128, 129 for clectrically heating the cathodes 126, 127,
respectively. A small capacitor 131 is connecied in series
with lamp 124.

FIG. 9 illustrates the very same circuil arrangement as that
of FIG. 8 except that the auxiliary windings 128, 129 are
only loosely coupled 1o the inductor 123, thereby providing
for a menifest limijtation on the amount of current that can
be drawn From cach auxiliary winding in case it were to be
accidentally shori-circuited.

FI1G. 10 also illustrates the very same circuil arrangement
as that of FIG. 8 except that the cathodes 126, 127 arc
connected with their respective auxiliary windings 128, 129
by way of nonlincar current-limiting means 132 and 133,
respectively.

In FIG. 10, the non-linear current-limiting mecans 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 circuit and the FIG. 10 circuit serve the
same basic purpose; which is that of preventing damage to
the ballast circuit (such as that if FIG. 2) in case the leads
used for connecting 1o one of the lamp cathodes 126, 127
were to be accidentally shorted. This damage prevention is
accomplished by providing for manifest limitation 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 baving the
auxiliary windings 128, 129 couple sufficiently loosely 1o
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the main inductor 123—such as by providing s magnetic
shunt between inductor 123 and the auxiliary windings—
thereby correspondingly limiting the degree of impact
resulting from an accidental short circuit. Such a short
circuit would result in a net reduction in the effective
inductance value of the tank inductor 123; which net reduc-
tion in induciance may in turn cause a precipitous increasc
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 refercnce to FIGS. 2 and 8, adjustment of the
amount of power supplied to load 26, and thereby the
amount of light provided by lamp 71, may be accomplished
by applying a vollage of adjustable magnitude to input
terminals IP1 and [P2 of the Toroid Heser; which is
thermally coupled with the toroidal femile cores of saturable
transformers 47, 49.

(b) With commonly available components, inverter circuit
24 of FIG. 2 can be made 1o operate cfficiently at any
frequency between a few kHz to perhaps as high as 50 kHz.
However, for various well-known reasons (i.c., eliminating
audible noise, minimizing physical size, and maximizing
cfficiency), the frequency actually chosen is in the range of
20 w 40 kHz.

(c) The fluorescent lighting unit of FIG. 1 could be made
in such manoer as 10 permit fluorescent lamp 11 w be
disconneciable from ils base 12 and ballasting means 16.
However, if powered with normal line voltage without its
lamp 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-
mutically establishes # situation thal prevents the possible
destruction of the power supply and ballasting means. For
instance, with the tank capacitor {§2) 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,

(d) At frequencics above a few kHz, the load represcnted
by a fuorescent lamp—once it is igniled—is substantially
resistive. Thus, with the voltage across lamp 11 being of a
substantially sinusoidal waveform (as indicated in FIG. 3d),
the cument through the lamp will also be substantially
sinusoidal in waveshape.

(<) In the fluorescent lamp unit of FIG. 1, fiuorescent lamp
11 is connected with power supply and bailasting circuit 16
in the exacl same manner as is load 26 connecied with the
circuit of FIG. 2. That is, it is connected in paralle]l with the
tank capacitor {52) of the L-C series-resonant circuit. As is
conventional in instant-start fuorescent lamps-—such as
lamp 11 of F1G. 1—the two ferminals from each catbode are
shorted together, thereby to constitute a situation where each
cathode cffectively is represented by only a single terminal.
However, il is not necessary that the two 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 ermi-
nals of each cathode.

(f) with respect to the circnit arrangement of FIG. 9, in
situations 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 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 magnetic flux crossing the air gap.
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(g) in FI1G. 1, the compact screw-in fiuorescent lamp has
a longitudina} central axis penetrating through the center of
the botiom of base 19 (ie., at the point where lead 18 is
conoecled), passing up cenirally between the two jegs of
lamp 1k, and emerging st the center of the very top of lamp
1.

{(b) In F1G. 1, as a skilled artisan would perceive by direct
inspection, the visible parts are drawn to scale, Thus, for
instance:

(i) the height and width (i.e., diameter) of screw-base 19
arc in proper proportion to those of an actual screw-
base on an ordinary houschold incandescent lamp;

(i) the diameter of the individual straight legs of the
folded fluorescent lamp 11 are shown in proportion to
the diameter of the screw-base;

(iii) the diameter of the bent portion connecting the top
parts of the two straight lamp legs is shown in proper
proportion to the diameler of the lamp legs; and

(iv) the distance between the two siraight lamp legs is
shown in proper proportion to the diameter of those
lamp legs.

Of course, for a screw-in fluorescent lamp to have maxi-
mum ulility, it is imperative that it bas dimensions suffi-
ciently compact 1o permit it to be conveniently used in most
places where an incandescent lamp would ordinarily be
used. Thus, it is important that its maximum diameter not be
any larger than those of an ordinary household incandescent
lamp (whose maximum diameter is typically about Iwice
that of its screw-base). The screw-in fluorcscent lamp
depicted in FIG. 1 clearly satisfies those rcquirements.

What is claimed is:

1. An arrangement comprising:

1 screw-base inserted into and held by & lamp socket
adapted to accept and hold anp cordinary household
incandescent light bulb; the screw-base having basc
terminals and being otherwise characterized by having
a central screw-base axis around which the outer
boundary of the screw-base forms an approximately
cylindrical surface; the lamp socket having socket
lerminals at which is provided AC power line voltage
such as that normally provided from an ordipary elee-
tric utility power line;

1 fluorescent Jamp having lamp terminals; the fluorescent
lamp being characterized by including al least two
straight cylindrical light-emitting glass-coclosed sec-
tions disposed paralle]l to cach olber as well as 10 a
central lamp axis; a lamp terminal being disposed at
one end of cach of the two straight cylindrical light-
cmitting glass-enclosed sections; the other ends of the
two straight cylindrical light-emilting glass-enclosed
sections being connected together via a transversely
disposed light-cmitling glass-enclosed scction; sail
trapsverscly disposed section being of a maximum
dimension substantiaily no longer than just sufficient to
reach between said other ends;

elecironic sub-assembly haviog power input terminals
connected with the base terminals and power output
terminals connected with the lamp terminals; the sub-
assembly being operative, whenever supplied with AC
power line voltage at its power input terminals, to
supply an alternating lamp current to the lamp termi-
nals; the siternating lamp current being of frequency
distinctly higher than that of the AC power line voltage;
the sub-assembly being additionally characterized by
not including a transformer having a primary winding
connected across the power input terminals; the elec-
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tronic sub-assembly being further characierized by
including two terminals across which ¢xists a DC
voltage having a substantially vonstant absolute mag-
situde that is distinctly higher than the peak absolute
magnitude of the AC power line voltage; and

structure means operative 10 hold together the screw-base,
the fluorescent lamp, and the electronic sub-assembly,
thercby to form an integral scrow-in lamp structure
characterized by baving 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 inscried into and held by a lamp socket
adapted to accept and hold an ordinary bouschold
incandescent light bulb; the screw-base having base
lerminals 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
ferminals at which is provided AC power line voltage
such as that normaily provided from an ondinary elec-
tric utility power line;

a fluorescent lamp having lamp terminals; the fluoresoent
lamp being characterized by including at least wo
straight cylindrical light-emitting glass-enclosed sec-
tions disposed paralle]l to cach otber as well as to 2
central lamp axis; 2 lamp terminal being disposed at
one end of each of the two siraight cylindrical light-
einitting glass-cnclosed sections; the other ends of the
two straight cylindrical light-cmitting glass-enclosed
sections being connecied together via & tramsversely
disposed light-emilling glasscnclosed section; said
trapsversely disposed section being of a maximum
dimension substantially no longer than just sufficient to
reach between said other ends;

electronic sub-assembly having power input terminals
connecled with the base terminals and power output
terminals connected with the lamp tcrminals; the sub-
assembly being operative, wheoever supplied with AC
power line voltage at its power inpu! terminals, to
supply an alternating lamp current to the lamp termi-
nals; the alternating lamp current being of frequency
distincily higher than that of the AC power lige voltage;
the sub-assembly being additionally characterized by
not including a transformer having a primary winding
connected across the power input terminals; the elec-
tronic sub-assembly being [urther characierized by
including a pair of terminals across which exists a DC
voltage and between which are series-connected two
transistors; the transistors being characterized by alter-
natingly conducting current; at lcast one of the transis-
tors conducting current in the form of periodic unidi-
rectional current pulses; the periodic unidirectional
curvent pulses occurring at a frequency equat 1o that of
the aliernating lamp current; each individual unidirec-
tional current pulse having a duration distinctly shorter
than half of a complete period of the allernating lamp
current; and

structure meams operative to hold together the acrew-base,
the fiuorescent lamp, and the electronic sub-assembly,
therchy to form an integral screw-in lamp structure
characterized by having an overall longitudinal axis
paralie] with the ccatral screw-base axis as well as with
the central lamp axis.

3. A structure characterized by having a central axis about

which the following ¢lements are asscmbled:
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a screw-base operalive to screw into a lamp socket of a

type usually used for receiving and holding an ordinary
houschold incandescent light bulb; the screw-base
being otherwise characterized by having base 1erminals
and by being disposed symmetrically about the central
axis,

fluorcscent Jamp having lamp terminals and plural
cylindrical lamp segments disposed apart from, but
parallel 1o, each other as well as 10 the central axis; each
of the plural cylindrical lamp segments having a total
length; the fluorescent lamp being further characicrized
in that a flat plane disposcd perpendicular to the central
axis and intersecting one of the cylindrical lamp seg-
ments anywhere along its total length creates a cross-
scctiona)l pattern that (i) is symmetrical with respect to
a flat plane disposed paraliel to the central axis, and (i)
includes nothing but cross-sections of substantially
identical cylindrical lamp segments;

an electronic sub-assembly baving input terminals and

output lerminals; the input terminals being connected
with the basc terminals; the output terminals being
connected with the lamp terminals; the electronic sub-
assembly being operative to supply an alternating volt-
agce at its output terminals provided it be supplied with
an AC power line voltage at ils input terminals; the
frequency of the altemnating voliage being distinctly
higher than that of the AC power line voltage; the
clectronic subassembly being additionally character-
ized by including a tramsistor through which flows
unidirectional current pulses a1 a periodic rate equal to
that of the alternating voltage; each currenl pulse
having a duration distinctly shorter than half of the
complete cycle of the altemnaling voltage; and

housing means mounted rigidly on the screw-base and

operative to bouse the electronic sub-assembly as well
as to hold and support the fluorescent lamp, thereby to
form a fluorescent lamp cnlity adapted 1o be screwed
into and powered from a lamp socket at which ordinary
AC power line vollage is provided.

4. A structure characterized by having a central axis about
which the following clcments are assembled:

a screw-base operalive (o screw into a lamp socket of &

-]

type usually used for receiving and holding an ordinary
household incandescent light bulb; the screw-base
being oiherwise characterized by having base terminals
&nd by being disposed symmeirically about the central
"y

fluorescent lamp having lamp lerminals and plural
cylindrical lamp segments disposed apant from, but
parailel 10, each other as well as to the central axis; cach
of the plural cylindrical lamp segmenis having a total
length; the flucrescent lamp being funtber characterized
in thai a flat plane disposed perpendicular to the central
axis and intersecting one of the cylindrical lamp seg-
ments anywhere along its total length creates a cross-
sectiopal pattern that (i) is symmetrical with respect to
a flat plane disposed parallel to the central axis, and (i)
includes nothing bul cross-sections of substantially
identical cylindrical lamp segments;

ag electronic sub-assembly having iopul terminals and

cutput terminals; the input terminals being connected
with the base (erminals; the output lerminais being
connected with the lamp terminals; the electronic sub-
assembly being operative to supply an alternating volt-
age at its output terminals provided it be supplied with
an AC power line voliage at its input terminals; the

12

frequency of the aliernating voliage being distinctly
higher than that of the AC power line vollage; the
electropic subassembly being additionally character-
ized by including a pair of terminals scross which

5 exists a DC voliage having a substantially constant
absolute magnitude that is distinctly larger than the
absoluie peak magnitude of the AC power line voltage,
and

housing means mounted rigidly on the screw-base and

10 operative to house the electronic sub-assembly as well
as 10 hold and support the fluorescent lamp, thereby to
form a fluorescent lamp entity adapted 1o be screwed
into and powered from a lamp socket at which ordinary
AC power line voltage is provided.

15 8, Astructure characterized by having a ccntral axis about

which the following clements are assembled:

a screw-base operative (0 screw into 2 lamp socket of a
type usually used for receiving and hokling an ordinary
houschold incandescent Light bulb; the screw-base
being otherwise characterized by having base terminais
and by being disposed symmetrically about the central
axis;

a fluorescent lamp having lamp terminals and pharal
cylindrical lamp scgments disposed apart from, but
paralle] to, cach other as well as 1o the central axis; each
of the plural cylindrical lamp segments having a total
Iength; the fluorescent lamp being further characterized
in that a flat plane disposed perpendicular to the central
axis and imersecting one of the cylindrical lamp seg-
ments anywhere along its total length creates a cross-
sectional paticrn that (i) is symmetrical with respect to
2 flat plane disposed parallel to the central axis, and (ii)
includes nothing but cross-sections of substantially
identical cylindrical lamp segments;

an electronic sub-assembly baving input tcrminals and
output lerminals; the input terminals being connected
with thc base terminals; the outpul terminals being
conoected with the lamp ermipals; the clectronic sub-

© assembly being operative to supply an alternating voli-

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 line voliage; the
electronic subassembly being additionally charscter-

ized by including a pair of tcrmipals across which (i)

exists a DC voltage, and (ii} are series-connecied two

filler capacitors; and

housing means mounted rigidly on the screw-base and

P operative 10 house the electronic sub-assembly as well
as to hold and support the fluorescent lamp, thereby to
form a fluorescent lamp entity sdapted to be screwed
into and powered from a lamp socket at which ordinary
AU power line voltage is provided.

ss 6. Astructure characterized by having a central axis about

which the following clements are assembled:

a screw-base operative 10 screw into a lamp socket of a
type usnatly used for receiving and bolding an ordinary
household incandescent light bulb; the screw-basc

60 being otherwise characlerized by having base terminals
and by being disposed symmetrically about the central
AXIS,

a fluorescent lamp having lamp lerminals and plural
cylindrical lamp scgments disposed apart from, but

65 parallel to, each other as well as to the central axis; each
of the plural cylindrical lamp segments baving s total
length; the fluorescent lamp being further characterized

45
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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 total length creates a cross-
sectional pattern that (i) is symmetrical with respeet to
a flat plane disposed parallel to the central axis, and (ii)
includes nothing but cross-sections of substantially
identical cylindrical lamp segmenis;

an clectronic sub-assembly baving input terminals and
oulpul lerminals; the input terminals being connected
with the base terminals; the output terminels being
connected with the lamp tenminals; the elecironic sub-
assembly being operative to supply an allernating volit-
age at its cutput terminals provided it be supplied with
an AC power line voltage at its input terminais; the
frequency of the alternating voliage being distinctly
higher than that of the AC power line voltage; the

10
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electronic subassembly being additionally character-
ized by including a voliage-doubling rectifier assembly
connected wilh the base terminals as well as with a pair
of DC terminals across which exists a DC voliage of
substantially constant magnitude; which substantially
constant magnitude is distinctly higher than the peak
absoltr magnitude of the AC power Line voltage; and

housing means mounted rigidly on the screw-base and

operative 10 house the elecironic sub-assembly as well
s to hold and support (he fluorescent lamp, thereby o
form a fivorescent lamp entity adapted to be screwed
into and powered from a lamp socket at which ordinary
AC power line voliage is provided.
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