WO 99/ 05890 PCT/ US98/ 14810 LOW VOLTAGE NON- THERM ONI C BALLAST- FREE
FLUORESCENT LI GHT SYSTEM AND METHOD  BACKGROUND AND BRI EF DESCRI PTI ON OF
THE "I NVENYPOMNOBAR present invention relates to fluorescent PETHRI 14810
systens and, nore particularly, to | owvoltage, non- thermonic (no heated
filament) ballast-free fluorescent 5 lighting systenms which are nore
efficient, |ess expd¥siVQALTAGE BNON+ERBREJONICeBALLABTeFRES ons and which
preferably use convd@HUQRESCENPEIGHTE| SYSTEMCANRNYMERHOR- gr ade f | uor escent
tubes. In nbost -comercial and hone-grade fluorescent lighting 10 systens,
the heart of the systemis the Parftast, whrciriS an inductance or

transforner device that boosts the incomng voltage to mmmmﬂmmemmmragé
|l evel to start the fluorescent tubes and then, once the t ubes

are |it or ignited (gas-activated, ionized or "discharged"),sola«reduces
the voltage to a level for normal continuous |ighting. Moreover, these

prior systems ?%éﬁ&?ﬂﬁﬁD hﬁﬁpgégﬁﬁgbgkﬁﬂ?F%EbﬁMdF“ fégﬁﬁﬁi?%gein e

filaments to ererore provi rmonic emssion Tor

901 Lron phase %Al 44 STLS, ORI 80 Lo MBLRGKeRD depRRiss oL 1he

end of each tube a mt t spu material” tra
gases and JyadUGES AR, PRSI Galdidy1Pplfast ed Thygresaeaiel, 9hionlg

systens aré shown in Figures TA and 1B. In Figure 1A the ballast unit
thermionic (no heated filament) ballast-free fluorescent
5 lighting systems which are more efficient, less expensive,
substantially free of RF emissions and which preferably use
conventional commercial, office and home-grade fluorescent

tubes.

In most commercial and home-grade fluorescent lighting .
10 systems, the heart of the system is the ballast, which is
an ‘inductance or transformer device that boosts the
incoming voltage to é higher voltage level to start the
fluorescent tubes and then, once the fluorescent tubes are
lit or ignited (gas-activated, ionized or "discharged"),
15 reduces the voltage to a level for normal continuous
lighting. Moreover, these prior systeméL often use
transformer filament windings to heat the filaments to
therefore provide thermionic emission for assisting in the
ignition phase. Heated filaments vaporize and form black
20 deposits at the end of each tube and limit tube 1life.
Also, sputtered material traps fill gases and reduces gas

pressure. Early ballasted fluorescent lighting systems are

- shown in Figures 1A and 1B. In Figure 1A the ballast unit
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~LEEE 11 r10111vi 10111022111 1rvillr W 99/05890 PCT/US98/148.1'0 L is in
series with filanments F and switch S, and in Figure 1B, glow switch GS
whi ch opewesapsses the filanents are heated to initiate a piBUPSNEEID
Bal | ast transfornmers are often the nost expensive part 5 of commerci al
fl uorescent Iighting systens There have been nunerous past efforts-to

W or mdf & SIE B, 'r}%?ﬁ glst%i?ﬂ%?ﬁsh“’%' Bpe SenSh té?\'guﬁg Tiowre |
publ | cat Poﬁé"ipéﬁ%"éiﬁ%ﬂﬁé (55" G0y, Soefisl e "Bhpy S BN SS “Pre

Cost - Savi b ddEd 9% Xh Vel ate !l & ?fééh f?%gUIt two power SmAtCheS Ql, @ are
ol ogy w

connected In a totem pole top the tube circuits consisting of an

LC series resofitadgt tatlrds fhinbid QAP RG] 202 ﬁB%tOfebeﬁsl5er pagtances.
The switches are power MOSFETS driven to conduct alternately by w ndings

onscurrentof r 86aMeFrARALT . £1Udkddien€i 1eghtinghespstdms y WTKBAE haveriven
by current to the lanp circuit and operates at the resonant frequency of

L and C. /Avedrardunegrgus geasdts ¢f fortedcdyprovidet f hgo2@sceneulighedmyi sed of
resistor Rl and capacitor Cl and DIAC Dl connected to one of the gates of
one of thesyswvens wwidckhds. ndfteseosgllaati bnansfomimerat.ed, a hi gh
frequency square wave (30-80 kHz) excites the LC resonant circuit. The

si nusoi dal vol tEkrctrente havkl asts tafhdheC tivpersdevn dai F3gwyet RE arat

resonance and devel ops sufficient anplitude to
common in the art and are disclosed in International

10 Rectifier Publication Application Notes AN-995, "Electronic
Ballasts Using the Cost-Saving IR2155 Driver". 1In this
circuit, two power switches Ql, Q2 are connected in a totem
pole topology with the tube circuits consisting of an LC
series resonant circuit with the lamp across one of the

15 reactances. The switches are power MOSFETS driven to
conduct alternately by windings on current transformer T.
In this circuit, the primary winding is driven by current
to the lamp circuit and operates at the resonant frequency
of L and C. A starting pulse is provided by a starting

20 circuit comprised of resistor Rl and capacitor Cl and DIAC
Dl connected to one of the gates of one of the power
switches. After oscillation is initiated, a high frequency
square wave (30-80 kHz) excites the LC resonant circuit.
The sinusoidal voltage across the reactance C is magnified

25 by the Q at resonance and develops sufficient amplitude to

strike the fluorescent lamp. In this system, the filaments



strike the fluorescent lanp. In this system the filaments -2 W) 99/05890
PCT/ US98/ 14810 of the lanp are heated and connected in series with the
seri‘es re¥8A¥ABircuit. RF driven fluorescent |anps are kREWHSI48We art.
In Piejak et al U 'S Patent No. 5,325,024, a fluorescent light 5 source
i ncludes nultiple lanp tubes driven in parallel by a single RF source.

Extérnal M théenamp Ga@chéhted G| cogheteliharel £6tigdeqita tdie gas '.
filling of the tubes is used to induce the plasma-form ng discharge

peri od. CaEbmiestiredonhisx €atreaitlNo. 5, 300,860 di scl oses 10 capacitive
coupl ed fluorescent |anps with RF nagnetic enhancenent. Presz et al U S
Pat ent No. 4, 9XF 2b9ivencfbsesesceptshappk| affleudnesmenn diheviant.ci rlguit in
whi ch high voltage DC pulses are used to ionize the nercury argon vapor

| anp. 15 RiRIJutqfutad Ur-6m PaceditgNoal 5ti3@i5nd 24 + cuifilueeaasinta ldght  of
switches in the arc voltage power supply for alternately reversing the
poParity ofOu¥Re a+%0%¢?§g@u§ﬁ|épﬂﬁe§.ammr‘wbesu. drivenean R@radleds mBs

di scloses a | qw _voltage direct current powered fluorescent |anp in which a

20 stabi | iZe§ B9k RE XM TF%t or EXFEIPALpr 3R dN R Y 0ICRRFE IHIYE nat i ng
ourrent Lo S LN £ RS oT 8 AT 20 M 29 SRS e
blocking oseifd&d ofo FAAGEL! chBCBIRENEL 88 i P W UNR g iai 5§ 8PS up the
Godyak et al U.S. Patent No. 5,300,860 discloses
10 capacitive coupled fluorescent lamps with RF magnetic
enhancement.
Presz et al U.S. Patent No. 4,920,299 discloses a
push-~pull fluorescent dimming circuit in which high voltage
DC pulses are used to ionize the mercury argon vapor lamp.
15. Dual outputs from the digital timing circuit control a pair
of switches in the arc voltage power supply for alternately
reversing the polarity of the arc voltage supplies.
Kerwin U.S. Patent No. 4,973,885 discloses a low-
voltage direct current powered fluorescent lamp in which a
20 stabilized blocking oscillator circuit provides high- .
voltage alternating current for addition and operation of
a lamp as well as power for operating a filament or heaters
included in the lamp. In Kerwin, the blocking oscillator
circuit incorporates a transformer which steps up the

25 voltage for ignition of the lamps.



25 voltage for ignition of the lanps. .-3 WD 99/05890 PCTI US98/ 148. 10

Roberts U.

S. Patent No. 5,359,263, a resonant voltage rise in an LRC

In

bal | asti nowiorosaswt is utilized to increase the cyclic creptrvedsiagm for
| anp ionization. Tao et al U S. Patent No. 5,578,907 discloses a power 5
supply circuit for a fluorescent lanp in which a power supply, such--as a

h- vol '
gm i ng i ndubfor " SREE e S ng BB MBor > 13ed Phar cck oAt <

connect ed
5,512, 801,
prOV|ded

Fi gure 1C,

98ig§§FtQ§sSﬂfHtéﬁgLﬁ?p%%ﬁﬁ%%tiﬁiﬂéﬁ$ﬁ+f§egs U2 &E%%%“t&b

ast or an |1 nstant start connecte

{RckBLSe Qﬁéeegclg h@EEsQrV@¥%%§%/ €114 FEUﬁifﬁkiéﬂn]a DC

voltage and provides a

Hz square wa e I nverter output.
the irageeten10yt BUt pheeaRPNbEdSt 878,90 %%sleids%%or@rﬁod&

circuit and parallel connected across the capaC|tor of the LC Circuit
pl &ral sersepploniyinaivia fvhi Gh £PASEEE6eAt AMMPISLANtwISIcH t al Gaweneri es
with a current imting capacitor. The nmagnitude of the high

current freqpphgy wathage achogh-vbethaeksquate wave 2WiceNiny Ipuddry
controlling the frequency of the inverter output voltage. Prior to |lanp

connect ed

I gnition,

shpphygndtidesod curtmemt gredukbatiomg yinvdidiame arohta @taarct itmay a

v

is a

relatively high level to provide for sufficiently forceful lanp ignition.
H rschnan Papeait®s. 4 TB9, Ehloxkscentesuber dct i ¢omnected across the

10
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25

starting capacitor.
In Nilssen U.S. Patent No. 5,512,801, a ballast for an

instant start parallel connected lamp is provided. 1In this

patent, a half bridge inverter is powered from a DC voltage

and provides a 30 kHz square wave like inverter output. As

in Figure 1C, the inverter output is applied to a series

resonant LC circuit and parallel connected across the
capacitor of the LC circuit is a plural series combination
which consists of an instant start lamp series connected
with a current limiting capacitor. The magnitude of the
high current frequency voltage across the tank circuit is
controlled by controlling the frequency of the inverter
output voltage. Prior to lamp ignition, the magnitude of
the high-frequency voltage controlled to a relatively high

level to provide for sufficiently forceful lamp ignition.

Hirschman Patent No. 4,959,591 discloses a rectifier

inverter circuit for operation of fluorescent lamps in
which lamp energy is supplied via a resonant LC circuit (as

in Figure 1C) which is driven at a frequency of between 10

-4-



25 inverter circuit for operation of fluorescent lanps in which | anp
energy is supplied via a resonant LC circuit (as in Figure 1C) which is
driven atW89$5%8aﬁency of between 10 -4 WD 99/ 05890 PCT/ USBEFA¥(¥8:¥nd 100
kHz jand preferably at about 35 kHz from a push-pul | oscillator or
U&g uency generator formed by two transistors, each of which have bypass
di ?Mes congrat eclo tieu h&x@@ﬁéféi*é‘ﬂsﬁf EHT 4560t CRS rwﬁﬁgfmﬁmtﬂlﬁére%ulihese'
5 smitching transistors receive control voltage through feedback w ndings
froma feedbatklatensfoporer heaqienéy PrgsRéyavondi ngosmedal | yyconeest ed
with the lanp. A step- up converter 1s coupled between a starting capacitor
for the pusanpibtogeneeattr pfawtiithe hiavieobypees dimded idemetttsed 1o ar e
connected in series with the LC resonant circuit. In Wllians U S. Patent
No. 5,408, the, anessohnked | currenta esarrylingg pagul ahereafd a HPhgseol t age
inverter produces a high sinusoidal ignition voltage of approximtely
1430 vol t sSSPEBRbLBIpetKaRPLRtPsW REECEI Ve $SMdrel Famktage etthirougls,
patent No. 4,808,887 discloses a I(MMégéssure di schar ge IanB operating at
taedhark hha

a hi gh freftedARICkniwiNdIRgs ofirioAduat | teansiorMachhaydng a
push- pul | frequenci enerator, and a series resonant LC circuit (as in 20
Fi gure 1C)PT+PATY WiRHORPCSEFRfdlYc6RREQSEPT Widdy itde hamP: t e L8R so as
to assure sinusoidal operation.. A .sim.lar ..sgsteglfor S%Ppn%§siqg

har moni cs YR GPRYFELER 4P FPWPigY between a starting capacitor for

the push-pull generator, and the fluorescent lamp filaments
10 are connected in series with the LC resonant circuit.

In Williams U.S. Patent No. 5,408,162, the combination
of a switching regulator and a high-voltage inverter
produces a. high sinusoidal ignition voltage  of
approximately 1400 volts peak-to-peak with low - RF

15 emissions.

Fahnrichlet'al U.S. patent No. 4,808,887 discloses a

low-pressure discharge lamp operating at a high frequency -
-with the low induction power network which has a push-pull
frequency generator and a series resonant LC circuit (as in
20 Figure 1C) with a harmonic filter connected in series with
the lamp so as to assure sinusoidal operation. A similar
system for suppressing harmonics is disclosed in Farnrich

et al Patent No. 4,782,268.

Williams Patent No. 5,548,189 discloses a DC to AC
25 converter coupled to a switching regulator which converts
low DC voltage into higher sinusoidal AC voltage for

driving a fluorescent lamp. This reference points out the

-5-



et al Patent No. 4,782,268. WIlians Patent No. 5,548,189 discloses a DC to
AC 25 converter coupled to a swtching regul ator which converts |ow DC
vol t age i wiomolessgner si nusoi dal AC voltage for driving a fpPopussaasio | anp.
This reference points out the -5 WD 99/05890 PCTIUS98/14910 - | a
geonetric nature of the magnetic step-up transforners and seeks to reduci
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present inyeaibelettri€ abbQ¥tde LPRHA¥BEmelUOrescent lighting systems. 10
Anot her object of the present invention is to provide a nore

energy-efficientiisyeneseas! Idaddtngnsyst sMpg1/ngtihesses act voll thiye

I nvention is to provide a nore energy-efficient fluorescent |ighting system
whisch is Imwltiplgdsy endcaper dbegadlsd ahe/ obé Rgeges 18oAnobkeatabigeqt of
the invention is to provide a |l ow voltage (fromabout 2 to about B5 - 90
volts) flublescestenti yampngosyitemcbalsng &olqsar e wave voltage in the
frequency range of about 75 kHz to about 3.5 - 4 MHz. Anot her objective of
this invention is to provide a

THE PRESENT INVENTION
The basic objective of the present invention is to
provide improved fluorescent lighting systems.

10 Another object of the present invention is to provide
a more energy-efficient fluorescent lighting system.

Another object of the invention is to provide a more
energy-efficient fluorescent lighﬁing system which is low
in cost and operates at low voltages.

15 Another object of the invention is to provide a low-
voltage (from about 2 to about 85 - 90 volts) fluorescent
lighting system having a square wave voltage in the
frequency range of about 75 kHz to about 3.5 - 4 MHz.

Another objective of this invention is to provide a

20 fluorescent lighting system wherein one or more
conventional fluorescent tubes 1is non-thermionically
operated and driven by a low-voltage, high-frequency square
wave source.

Another objective of this invention is to provide a

25 fluorescent lighting system wherein multiple fluorescent



20 fluorescent lighting systemwherein one or nore conventional
fluorescent tubes is non-thermonically operated and driven by a

| owvol t a¥@ 2M8M- f r equency square wave source. Anot her oBF@ﬂéPQ/E‘%‘? this
inyention is to provide a 25 fluorescent |lighting systemwherein nultiple
fluorescent -6 WO 99/05890 PCTI US98/ 148.10 tubes are electrically ~—

copnect ed kobeer i azeandleetribdlng Mcimedded driyensbyias! ounyol hage - @
square wave voltage. Another object of the invention is to provide a

f 1 uor escenthergibnigadyst emivenwbych 1o@-voUbBagensgaakkywhéeSvayneaghle from
| ow-1evel illumnation to high-level illum nation and from high-I|eve

i | lum nation t oAnowhlegvebbjekltunbfiattlom. Aocaiiow tis t ke | prectiden, aa | ow
voltage (under 85 - 90 volts, preferably in the range of 7 - 12 volts at
about 10 fdoorkmsrengohighsimgosystemalihawhithethef Lighesiphensithtisg
system conpri ses_at | east one fluorescent lighting |anp or tube

(cohsti t ut ¥8XBRPLS- r eEFORsi VOWrHeNshbor - ddduad nadrivagl opsocontiigh+leweyaseous
di schar ge g&&bgg&at a_ predeterm ned pressure between a pair_ of electrodes)

and a 15 | 8§d 08¢ aade fxale higherl ey@dplik 1 umHicn atien et alew-bevet

supply inCOﬁ oratei.a solid state swtch which is operated to generate a
subst ant i af* @“E&B& é%ave alternating current wave. at the lanp or tube

el ectrodes According to the invention, a low voltage (under 85 -
90 volts, preferably in the range of 7 - 12 volts at about

10 100 kHz), qgn-thermionic, ballast-free, fluorescent
lighting system comprises at least one fluorescent lighting

lamp or tube (constituted by UV-responsive phosphor-coated
envelope confining a gaseous ' discharge medium at a
predetermined pressure between a pair of electrodes) and a

15 low-voltage square wave power supply. The square wave
power supply_inqorporates a solid state switch which is
operated to generate a substantially square wave
~alternating current wave at the lamp or tube electrodes

such that the voltage supplied to the electrodes reverses

20 polarity more rapidly than the pattern of electron and ion
density in the tube can shift so that electrons throughout

~the length of the tube are continually accelerated and

will, through several cycles of said square wave, create

free electrons and ions throughout the tube's volume, in

25 steady state operation and illuminate the fluorescent

lighting lamp.



such that the voltage supplied to the el ectrodes reverses 20 polarity nore

rapidly than the pattern of electron and ion

so that elvecworsss® throughout the length of the tube are ceatiusesalaspw
~accelerated and wll, through several cycles of said square wave, create,

free el ectrons and |ons t hr oughout the tube S volune

ration and | kﬁ%&&gﬁ%t 5 & urepcanty Lhing e 7,00 90 05p90

i nvention, j VEBQQ gsc
tube with e ectro

ccor erre I rren Sen

in a gaseodge Sf%%&*&rc@wre%ﬁa wfbnase@éeeeoaag ang IR Uy N ;

the fluorescent tubes are non-thermonically driven with a

hi gh- f r equeBayengdana1naye 1 ¥pkhage. kn hBe) pighersed efRodi Myisedd

fluorescent lanp driver circuit includes an inverter circuit using two

solg d st at @ik@hawiec hiedd uthgVistesh Wi Gy e RNRREE @k VTIPS Srapdt 7 enld
current supply. The gate electrode of each switch transistor is connected

in circuitthet ilaopesceny wubeisngref avneatiermiidmdilcalew er iareh avith raar y
wi nding of the transforner. A starting circuit to start the oscillator

| owvol t age,

density in the tube can shift

In 25 steady state

1

Ruh Qébgﬁtsﬁéﬁ%ﬁ? {455, Fpk a0 {daggescen,

and

S

15 utilizedowevpltages & iwsifitameaney-squpubswave theltage. ellactthmie of
one of the transistor switches. Wen one of

10

15

20

25

preferred embodiment, the fluorescent lamp driver circuit
includes an inverter circuit using two solid state
switching devices which are connected across a direct
current supply. The gate electrode of each switch
transistor is connected in circuit with a primary winding
for each switch device and a primary winding of the
transformer. A starting circuit to start the oscillator is
utilized to provide a positive turn-on pulse to the gate
electrode of one of the transistor switches. When one of
the transistor switches turns on, its voltage is rapidly
switched to ground which starts the circuit in oscillation.
In the preferred embodiment, the oscillating frequency is
set at about 100 kHz, but the range of successful operation
runs from about 75 kHz through about 4 MHz. Since there
are no high voltages in the driver circuit, safe operation
is assured. Illumination or luminosity levels or dimming
can be achieved by varying the voltage (or energy level)
from the direct current supply. In the preferred
embodiment, care is taken to assure that there are no spike

voltages due to inductive kick and the like since voltage

-8-



the transistor switches turns on, its voltage is rapidly swtched to
ground which starts the circuit in oscillation. 1In the preferred

embodi nertYO 8% scillating frequency is 20 set at about 1REF/REB/14B\%t t he
range of successful operation runs fromabout 75 kHz through about 4 MHz.
Since there are no high voltages in the driver circuit, safe operation is

assured. Idgimenadi@met rEFLALSH! ¥ Jreelar10in Iwageraemoaea@@hl gved by.
varying the voltage (or energy level) 25 fromthe direct current supply. In

the pref erprsserenpodidientrediffe ichdraiting 0 et feridy) t hayihad e e spi ke
vol tages due to inductive kick and the |ike since voltage -8 WO 99/05890
PCT/ US98/ 1iadfesyenies dampaot arequined-fhersicnicaylypr dpdwenion tdred, |f
present, nmay reduce operating efficiency. Since the fluorescent |anps are
non-t her milomindus ef f vehenciieis| siigndifsi asfriti ky etmprogedi gniMoremvery,

i mproved. Moreover, 5 at the preferred high frequency, power supply
cggrponent at chhebpreferred Mighi fivequedAYhaPAWRE f BUPPRWY nGomponents
features: (1) Being Non-Therm onic You can interm ngle tubes of different
ratings cwcaWIPQxﬁW¢bM$§tlon like the new "watt miser" 32 watt or the new
25 watts "energéggavers th the "standard” 40 watts (four footers). The
li ght output e t%%N??t+%ﬂBPﬂ§ the §8%ﬁ°wﬁégaéﬂ§§ﬂ$§ﬁ &H E%De rating.
Iﬁg?¥cgn$§;3 5%%%%&' g%sThggﬂlonnly use 40 watt regular tubes due to the

You can intermingle tubes of different ratings or

10 configuration, like the new "watt miser" 32 watt or the new
25 watts "energy savers" with the "standard" 40 watts (four
footers). The light output essentially remains the same
regardless of the tube rating. Today's usual shop lights
-can..only use 40 watt regular tubes due to the shortcomings

15 of the ballast as well as the use of chains to hang them
because they can be a fire hazard. Tubes that are "non

operative" on standard systems will operate (function).

(2) Being Ballast-Free

The fixture weight and operating temperature are

20 substantially reduced, eliminating the need for chain
. -hanging. The system is not a temperature driven fire
hazard.

(3) Since the system is ballast-free, there is no need for
a sound rating because the system is silent. The greatly

25 reduced heat and weight will allow the use of a plastic

—9-



15 of .the ballast. as well as the use of chains to hang them because they
can be a fire hazard. Tubes that are "non operative" on standard systens
wi | | operwom9fosgsacti on). (2) Being Ballast-Free The fi xtupernsdsglagioand
operating tenperature are 20 substantially reduced, elimnating the need
for chain hanging. The systemis not a tenperature driven fire hazard. ~

(@ S noe g aual 0l 4 <heeSe bt d spignged Lo o8 agyidrating

because the sy i SSI hé gr eat educe gat and Wei g Wi ||

al l ow t he %ﬂ%(g Hastd - O 99/ 05890 PCT/ US98/ 148: 30 housi ng,
elimnating t eqégeunri%?éﬁﬁé%: azard"” as well as the need for grounding.

(4) Being of Reduced Heat. The system can be nmounted in any orientation and
in 5 contact with standard conbusti bl e surfaces (wood, wall paper, etc.).

(5). The fluor esgilg tdGGeduded inagented, will keep emtting normal |ight
even in the event that one or both filaments are inoperative. 10 (6) Mbst

fluorescent arrayse csystiémi phft bebenditided CONsady ofidntaidiomladdibes in
parallel. The plural or multiple tube array systens can conprise identical
or Bifferemontaatted wiltds | etaedaeds. (dpmBuandbile 1-&h#fandsl- 1(wRoodgh

di aneter four-feet or
wallpaper, etc.).

(5) The fluorescent tubes, if filamented, will keep
emitting normal light even in the event that one or both

filaments are inoperative.

10 (6) Most fluorescent arrays or multiple tube units consist
of identical tubes in parallel. The plural or multiple
tube array systems can comprise identical or different

rated tubes in series.

(7) sStandard 1-1/4 and 1-1/2 inch diameter four-feet or
15 long fluorescent tubes filled with conventional mercury
vapor and/or argon gases and simple non-filamentary’
electrodes, and even conventional tubes with non-working or
burned out filaments can be successfully used in the

practice of this invention.

20 (8) Flexible plastic tubing, such as used in surgical gas
transport systems, having UV responsive phosphors
incorporated on the walls therein, Lexan™ type hard

-10~



15 long fluorescent tubes filled with conventional nercury vapor and/or

ar gon gase%H%ﬁg%%inple non-filamentary' el ectrodes, and even conventional
tubes wit'h “WOr ki ng or burned out filanents can be suc&gggFﬂwP?“%sed in
th practice of this invention. 20 (8) Flexible plastic tubing, such as
u In surgical gas transport systens, having UV responsive phosphors

| n@br por at @l astiiche siwdtsethpredn, gagxaretdnPronakessel® NG9/ 838B0e-

PCNW US98/ 14810 plastic, shatter-proof gas retention vessels with sinple
di schar ge discthagdes electthredgss iandhel gaseandanflaozeseentosohhdngsl ba can
be driven in accordance with the invention. |In such cases, the darkening
of the pl a¥hiec walds cdy/ b& dvivandipniacwiordanase wirh behedyaveagéons, or
the darkening can be prevented with a UV bl ocking coating. DESCRI PTI ON OF
THE DRAW N&3 THechbSasSesnd bhRedastjening edvarkegedagtdd edugr & BV the
I nv ntion'g I% beconme ngre apparent when considered 10 with _ the follow ng
speti fi cat POR é‘ﬁ&‘“&?&%ﬁﬁ&ﬁyﬁ'—ﬁg‘ed?éw RgsadyaBEBEROUSI gOFethr darkeripgy it

di agram of prior art transformer ballasted, fluoresgent |ighting systens,
Fi gure 1B F&"pPPoPr&ventad 45t 3 1UhrRLREAtNT| FORELRG 15 systems with a
glow switch starter, Figure 1Cis a circuit diagramof an electronic
bal |l asted fluorescent |ighting system

DESCRIPTION OF THE DRAWINGS

The above and other objects, advantages and features
of the invention will become more apparent when considered
10 - with the following specificatiﬁn and accompanying drawings
wherein:
Figure 1A is a circuit diagram of prior art.
- transformer ballasted fluorescent lighting systems,
- ..Figure 1B is prior art ballasted fluorescent. lighting
15 o . systems with a glow switch starter, Figure 1C is a
circuit diagram of an electronic ballasted fluorescent
lighting systenm,
Figure 2A is a general block diagram of the
fluorescent lighting system incorporating the
20 invention and Figure 2B illustrates the various shapes
of fluorescent tubes or fluorescent gas discharge
devices to which the invention is applicable,
Figure 3 is a general block diagram of a
-fluorescent lighting system incorporating a preferred

25 | embodiment of the invention,

-11-



Figure 2A is a general block diagramof the fluorescent |ighting system

I ncorporating the 20 invention and. Figure 2B illustrates the various
shapes ofwoblogossescent tubes or fluorescent gas di scharge rmaAVISI8s4810 which
the invention is applicable, Figure 3 is a general block diagramof a
fluorescent lighting systemincorporating a preferred 25 enbodi nent--of n'e

i’ent ion, -11 WO 9%9&@9% gﬁl’l y§98514§%qgeﬁaﬁ ggﬁ_gﬁﬁ i 2ilg aper gle blyock

I'agram of a fl uorescent i ng syst showi ng the sane”driver syste

driving at | eaSil&@f@@céhHORQS;;ﬁ@ihtg' HPStm sﬁsﬁ&ﬁ?, thd| §4h& aArived
detailed circuit diagramof a preferred enbodi nenf of the invention

Figure 6 is a ciystem dirdgiag idt useasti nthree f Bllhbeeskesiter 1afbeniadi ment
of the invention, and Figure 7 is a diagranmatic illustration of a 10
further enbodi neeti®$,t he i nvention. DETAILED DESCRI PTI ON OF THE | NVENTI ON
The present invention is based on the discovery that wusing a rapidly
repetitive | ow vol t afegeyeare wavea aetariiad ngivoltizgediagnamni af may t ake
pl ace in fluorescent 15 gas di scharge tubes gradually at | ower voltages and
power. Since tPeeferredyenboginent of the dguensimave alternating voltage

power according to the invention is very short (of . )
Figure 6 1is a circuit diagram illustrating a

further preferred embodiment of the invention, and
Figure 7 is a diagrammatic illustration of a

10 further embodiment of the invention.

DETAILED DESCRIPTION OF THE INVENTION

The present invention is based on the discovery that

using a rapidly repetitive low-voltage square wave
alternating voltage, ignition may take place in fluorescent

15 gas discharge tubes gradually at lower voltages and power.
Since the half-cycle period of the square wave alternating

voltage power according to the invention is very short (of

the order of 5 microseconds for 100 kHz), there is very

little opportunity for decay of the plasma between half-

20 cycles. At start-up, ambient free electrons in the gas
increase in energy in a half-cycle more than they lose

energy due to collision processes. According to the
invention, during one half-cycle, an electron will move in

a roughly constant electric field. During each interval

25 between collisions with neutral atoms, or ions, its kinetic

energy will increase if its previous collision left it

-12-



the order of 5 mcroseconds for 100 kHz), there is very |little opportunit
for decay_of the plasma between half 20 cycles. At start-u anbi ent free
el ect r onsVPrP 0gas increase in energy in a half-cycle nEFE“?ﬁgﬁmyhey
| ose energy due to collision processes. According to the invention,

during one half-cycle, an electron will nove in a roughly constant
el ectric ftelavelbmyg ng thaeh dorpemenit 25 bet leeityoihi shendimetbioaubLal
atops, or ions, its kinetic energy will increase if its previous collision

left it -thenacor®lEEsen RCP1RdSEad sby( ther aleldtmion fiiekd conponwid lof

velocity in the direction of the acceleration produced by the electric

field It #Herreagecridasits fpreviousyroddisdion dieft |t tmevingvvaghenthout

a conponent of velocitg opposed to the field s 5 acceleration. According to
r

t he invent Pon, CPHROBEDSr e hve Vateekhat i RPRIFAA Y KR t agbeser fégld's

principally to.raise the effective electron ener (or tenperature). The
curé‘| ent f %‘S\ﬁer]@r@éﬁﬂns‘t s Pﬁ:fcoacg&gr Ffy tf*}%v%‘hﬁe’?t')%%e Fhet g&?éﬁ@oﬂgz'eanode
i nst ant aneous_10 cat

d iti i f.l i h de wh h
ooy e BLeetRRend bty 8 { I AANEY S e TR L 0Y oré Taeehl Eles

pressure i edagtighe oi s Splf | Ghenky! q Jkeohhe, eanolr ee pal hogopshder abl y

| ess than the tube er an ess ngt h. ectrons

and ions senafat %%qlsriﬁct%rﬁf‘;éle;c{%%%afa%o%%n regtipg ?st{:gﬁtgf@&ag!

| ength of the tube, rather a nti nuous streans along its
axis. The anode and positive ions flowing to the instantaneous
10 cathode where they recombine with electrons and are
released as neutral atoms. Total gas pressure in the tube
is sufficient to make the mean free path considerably less
than the tube diameter and much less than its length. Most
.electrons and ions separate and recombine, in a small
15 fraction of the overall length of the tube, rather -than
flowing. as continuous streams along its axis. The
important thing for ionization of the light emitting gas
_atoms 1is that the electron energy continues to increase

even though the field reverses periodically.

.20 : The operation of RF discharged at such low field
strengths that the electrons cannot accelerate to
ionization energy level in one-half cycle demonstrates that
the process is cumulative over many half cycles.

The biggest problem in 60-Hz lamps is that ion and
25 electron densities essentially virtually go to zero at the
end of each half-cycle. To achieve 1light output again

after a few milliseconds requires an active supply of

-13-



el'ectron densities essentia Yy go Zero e

ortant thing for ionization of the light emtting gas atonms is that the
ectron energy continues to increase even though the field reverses

ri odi camoy9/0880The operation of RF di scharged at such | owrctivshshasio
rengths that the el ectrons cannot accelerate to ionization energy |evel
n one-half cycle denonstrates that the process is cunulative over 4mny -

f cycleg1eteHO985 e PE %%ﬁ%%#?ugnghh&%ﬁﬁ%éé%f{ﬁuq+ﬁg%a’groggat

en éach

hal f - cycl e.£ Taumaahi eveplik ghte v PUL ¢ agakn ) Afd e WoE | se

requires an active supplygof _-13 VWO 99%05896;F%¥$té§8f%h§h¥% ﬁgggé?Fons
(the fil amdmivientildh HiHrieait ngoPeuge fievelBalfard IHAMBRP thBUlushBEDy 1 f
the lanp systemof the present invention starts at voltage levels far

bel ow t hat asswaliatedasdati pladma tbrpaiadin " ¢alkdawes, anh¥gdagsyalogqual |y
|l ow 5 vol tage applied constantly across a single tube not result in the
san® gl owi v Ytlaggenwdplhies camdimredp) addsk s M teinglof thibe net urésulendency

of particles of a plasma subject to a static external field

to nove so as

to create dnspdce seme glgwintemilasma?ield 10 that counteracts the applied
field. The result of applying a voltage between two electrodes is to

i nduce positive Thifacg® bg ekplpésed ip tecwsroficthadnabvgnal veerdengy on
the negative el ectrode, the absol ute anmount of charge depending on course
on t he Capggipgﬁ&@cggﬁmgénataéaﬁmg_subject to a static external field

to move so as to create a space charge pattern and field

10 that counteracts the applied field. The result of applying

a voltage between two electrodes is to induce positive

charge on the positive electrode and negative charge on the

negative electrode, the absolute amount of charge depending

on course on the capacitance between the two.

15 If free electrons and ions fill the space between

these electrodes, the electrons are pulled toward the

anode, and the positive ions toward the cathode, until in

the space between there is no longer a field and therefore

no means to cause further movement of the particles; a

20 voltage drop, that is, region of high field, will exist

very close to each of the two electrodes. The electrons

(and ions) in the main part of the tube will not be further

affected by the field; when electrons reach the high field

region near the anode, they will probably be accelerated to

25 half the applied voltage within less than one mean free

path of the anode's surface and hence will be unlikely to

produce ionization.
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15 If free electrons and ions fill the space between these el ectrodes, the
el ectrons_ar | ed toward the anode, and the positive ions tomard th

cat hode, .\ﬁﬁ@?/p?ﬁ% t he space between there is no | onger a PET84EL0

t herrefore no neans to cause further novenent of the particles; a 20

vol tage drop, that is, region of high field, will exist very close to each
of , the two el ecinotlee. fTherekeenhtohamp( agdtiean®)f ithitshe nventipart e t he
tube will not be further affected by the field; when electrons reach the
hi gh fiel RPPifdnsAvaret havodeltagey igi Ialtmmb@tm@ bepaddyl ermughto 25
~hal f the applled voltage within | ess than one nean free path of the P
anode' s suthaket %&h@&%dmntwqwqmcyt PV TRRED jthiacaumrtate 4 Wo°
99/ 05890 PCT/USQS/%RE In the fluorescent | app system of thls i.nvention,
the appl i FLI[UGRE 9ea98I fagde duying r%t’é%llf'aﬁYGP'9 efoddie amrkiete

d I hod d
Gudi ng a rertEager o R RugL aﬁsﬁf‘gﬂgglé&feﬁﬁl%ﬁff?mﬁérﬁ%a"f“t&"m&% S

aInDst co S ctive i.n acce t|n t.rons_ Wt hi.n mai n body

of " the tu%é“\@ggh?‘e%ﬁeler e Bl FBEPRE MRy haLh, BRRAES,

l'i ghting corporating the invention. 10 A direct current (DC)
;‘%’ gﬁéﬂaé‘

power sup IS protected by a fast-acting fuse 201 and/or a crowbar

circuit 202 whighgypgoviges fastsackbRgnBeakecty¥eef 408gehhCUids iy the

event

~

fluorescent lighting system incorporating the invention.
10 A direct ‘current (DC) power supply 200 is protected by a
fast-acting fuse 201 and/br a crowbar circuit 202 which
provides fast-acting protection of the circuit in the event
of a fault;' The DC voltage is applied to square. wave
inverter circuit 203 which converts the DC voltage to a
15 low=voltage (between about 3 to about 20 volts RMS), AC
square wave voltage having a high-frequency (between about
75 kHz and about 4 MHz) which is applied to electrodes 204
and 205 of a fluorescent gas discharge device 208. The
current is very low so in comparison with light output
20 -equivalent to a conventional 60 Hz, thermionically operated
fluorescent tube or lamp, the luminous efficiency is
significantly improved. Moreover, the fluorescent lamp
or tube can be straight, folded or looped as indicated in
Figure 2B. A rheostat 200R can be used to adjust or vary
25  the voltage or energy level from the source 203 to gas
discharge device 208 and thereby dim or vary the level of

luminosity from the lamp. Since the system does not depend

=15~



of a fault. The DC voltage is applied to square wave inverter circuit 203
whi ch converts the DC voltage to a 15 | owvoltage (between about 3 to about
20 volts WEEP/058E square wave vol tage havi ng a hi gh-frequeatys{igsideen -

about 75 kHz and. about 4 MHz) which is applied to el ectrodes 204 and 205
of a fluorescent gas discharge device 208. The «current is. very lowso in

ari sonopi kh 1lairgel eiﬁjﬁﬂ&orﬂv@ﬂ’c‘&&é' gRkel1? %K@n¥ﬁgi+83§£y69aﬂz be :

therm oni cal ly operat fl uorescent "t ube or "I anp, um nous efficiency

is  signifyeapédyficomr Qoed tdiagyesndt Backl 4oy ament | afp comtirdes can be
straight, folded or |ooped as indicated in Figure 2B. A rheostat 200R can

be used t omasiusbneentdionadd divnied t agecaiteneigty fewetebeentt Nangeurce
203 to gas discharge device 208 and thereby dimor vary the |evel of

| umi nosi t yréqoire hetaabpng Srick 4 he lsytsivee yl deisgn dtundiepesiccy o5 140ed9/ 05890
PCT/ US98/ 14910 on a large ignition voltage |evel .«-the lum nosity can be
vadi ed froefl swlnninaghoandnshckhen redncihg dchet rkatel tose dewiged onal
dimming circuits for fluorescent lanps require starting with a relatively
hi gh | um nB8+BY-or level 5 of illumination and then reducing the level to a
desired point. Figure_ 3, is a schematic block diagram..llustrating two

fluorescent tubBs936¢% AntP BEheMAdii D Piask ddagrd® Hilgstratddie squar e
wave inverigr ghredht B02. NObE LA 3bBatdubHPBS 33%-304 302 Ag gronnect ed
frequency square wave inverter circuit 303. Note that the
10 tubes 301 and 302 are connected in series so that while the
square wave inverter circuit 303 can be of the same
capacity as the sqguare wave inverter circuit 202, if tubes
301 and 302 have the same length afide-diameter as
fluorescent gas diééﬁarge device 206, the volume of gas is
15 essentially doubled. - Note that the devices 301 and 302 are
non-thermionically driven, even though the tubes may
incorporate conventional filaments (not shown).

Figure 4 is a schematic block diagram illustrating

three or more fluorgscent tubes 401, 402...40N-driven by a

g 3 m S

20 low-voltage, high-frequency, square wave inverter circuit
404. In this case, the serially connected fluorescent
tubes 401, 402...40N, the middle tubes 402...are not
directly connected to the output terminals of the inverter
circuit 404. The total volume of gas driven is the sum of

25 the volumes of gas in the individual of fluorescent gas
discharge devices, none of which is thermionically

energized or excited. If all of the fluorescemt~tubes are
T G e s

gy o
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squdare wave inverter circuit 303 can be of the sane capacity as the square
wayve inverter circuit 202, if tubes 301 and 302 have the sane length and; .
diranet er “WO 905808r escent gas di scharge device 206, the vol REBUSIS/YEY | s 15 r
essentialily doubled. Note that the devices 301 and 302 are '
non-thermyjonically driven, even though the tubes may incorporate ~-—

-conventlonbhti:elraﬁer)tssbmai: skOWg , - R £ sdys %eSC’HQEE'H@ob' Heagr a
illustrating three or nore f1 uorescent tubes 401, 402. , 40N- , dri ven

. a 20 | ow vpktragenghegerigyequency, -square wave inverter circuit 404. In

this case, the serially connected fluorescent tubes 401, 402...40N, the

m ddl e tubes 40Zhe. flaongscefit etamp dmm@o:temiomprisuesoanpu:tscne]rlmtrcazts of
the iaverter circuit 404. The total volume of gas driven is the sumof 25
t he vol uma§l§f3ug§s wsinige itwt vishlkeld of stater eswatchgay diestinesge arevi ces,
none of which is thermonicall energlzed or excited. If all of the

f1 vores, cetRENEEEEQTEr 3 -and ot od FBEEET '1SGT/IRDE2 41810 The Hatitahing sol ar
cells, etc, use rovi de operatlng energy. The fluorescent |anp
driver conﬁFﬁgéisaﬁraswn R4 cRFQ UFPNDSFhE t\?oé‘ wﬁ%ﬂo&%fﬁmm ng
devices or_ 5 tra | st,ors HEXEET' .S 4). The, sw tchi

t ransi storgcfﬁsﬁn @dé}'gcgﬁﬁg&'ﬁ% Hﬂp&tyer?'r Se 6’2 sHi PRy s(s"t

direct curégchnal)lpply 'gggiaéﬁn (eg.ﬁec"%:rodle8 & Sre rgurg%) eacﬁ gsw:J.etch

el ectrode rrcait o
driver Q3 and Q4 is connected in circuit with a primary

10 winding PW1l (twenty-five turns) for switch device Q3 and
primary winding PW2 (twenty-five turns) for switch device
Q4.
Resistor 20uand capacitor 21, wiégiDIAC 22 form a
starting circuit for the lower transistor switch Q3. 1In
15 - this émbodiment, when the DIAC 22 reaches about 35 volts,
a positive turn on pulse is applied to gate Gl of the lower
switch device Q3. When switch Q3 switches on, the drain
voltage is rapidly switched to ground which starts circuit
oscillation. Current flowing through the-two turn primary
20 winding PW3 provides gate drive voltages for switching the
switch devices Q3 and Q4. This causes the circuit to -
oscillate at about 100 kHz. Priméry winding PW3 speeds up -
switching of the switches Q3 and Q4 by an order of
magnitude. This is caused by a feedback switching action
25 speeding up the switching operation of switches 03 and Q4.
Figure 6 illustrates a low-voltage square wave

inverter circuit requiring a minimum of five components
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....

driver @B and 4 is connected in circuit with a. primary 10 w ndi ng PWM
(twenty-five turns) for switch device.@.and primary w nding PW

(t went y- W 9%#935) for switch device 4. Resistor 20 andP€§W§8§/1%-}° 21,

i tB~DI AC 22 forma starting circuit for the. |ower transistor switch Q.
15 this enbodi nent, when the DI AC 22 reaches about 35 volts, a poSitive
on pulidenits cagploree sts@ngdted 1@ tdfe tdemed ovbery a1l t thlueinate @itkhen

ch @B switches on, the drain voltage is rapidly switched to ground

which star equeilr ciitensityt| at Howevewnr emebés ovafgdiifexent: hbengbhsur n

primary 20 wi ndi ng PWB provides gate drive voltages for swtching the
swi tch devPdadetsIRRdQyasTRreSeAresSs hawe heeiuiguaeeseiel ly soresatadout
100 kHz. Pninar&,mﬁnding PWB speeds up switching of the switches @B and Q4
by an or defPof®*i&§ni tude. This is caused by a feedback switching action 25
speedi ng up the_sw.tchin peration of swtches an .,_Figure 6
il1Ustrates a | BwRFS %ﬁﬁ% (ﬁﬂﬁ?éﬁ%ﬁ%F ?ﬁb%ﬁ?eFﬁ%%%ﬂﬁ%éﬁzgﬁﬁYfﬂﬁ 58 ni mum
of five co e - 99/(,05890_ P 8/.148. i | C

FRABEH R o ee)\?galﬁhl)‘%g 1n gg%&@g J.js %.ljlcﬁsti netrgd.fxl)\/ff:gure

essential l y the Ssane T uni n Wth™ egua ensi wever,

tubes of differgnt 'c%ﬂx%?o@x%nt 4 2BLET 23R %@%@ggg?ﬁggavﬁé’fﬁgrel

successful 'y operate I'n series. A prefe nt o e sygtem

for drivingxewp1aZ{A0 ftnPs e3e8ALCEYPES dduEFs | favkS vohltadd al€dabBukl gure

100 kHz with sharp transitions such that the voltage

10 - supplied to the lamp Ll electrode LEl and lamp L2 electrode
LE2 reverseé poiarit§ more rapidly than the pattern of
electron and ion density in the gaseous volume can shift so
that electrons throughout the 1length of the tube are
continually oscillated and will, through several cycles of

15 the square wave, create ions throughout the tubes, gaseous
volume, in steady state operation.

In this embodiment of +the invention, alternating
current (120 VAC for example) is applied through a fast-
acting fuse 10 to terminals 11 and 12 of full wave bridge

20 rectifier 13 which provides DC voltage which is filtered by
an electrolytic capacitor 15. In this embodiment fast-
acting fuse 10 or a crowbar circuit at the output is
required to prevent damage to the circuit if the lamp is
removed from the circuit. High-frequency filter capacitor

25 16 ‘is connected across the AC input to the bridge rectifier

13. Other sources of direct current voltage, such as

=-17-



5. The conponent val ues and conponent types are nerely
produces a square wave vol tage at about

exenplary. This
100 kHz with sharp transitions

such t hatwolpeeseIdt age 10 supplied to the |anp L1 el ectr odepdflismndsioanp L2
LE2 reverses polarity nore rapidly than the pattern of electron

el ectrode

and ion density in the gaseous volume can shift so that electrons -—
- throughout gihe ahengtdy Qfed heg i HREL BhE0uUS

t hrough several cycles of 15 the square agve, create 1ons throughout the
tubes, gasegeefre¥abiye by N eade Ska

the invention, alternating current (I20 VAC for exanple) is applied
through a pesitiget tegmitiad {9)tDstEsmheetsd 1do aarederode fadl awmyecHy i dge
20 rectifier 13 which provides DC voltage which is filtered by an
- el ectrol ytnegatpuei terminall N -t)hiis chmdedread idsetctdgt i ny faisecthfode a -
crowbar circuit at the output is required to prevent danage to the circuit
“if & he | anp-2s Whenotbe Ewakrchke Silr anidt S2Hagle- Siswldanedudliyerclowssti t or

25 16 is connected across the AC input to the bridge rectifier

ti-gal |y osghbl alemheand: id |
aQP M OBontPol hbs ednadi ney of

\®

13. O her

- sources of (@pdeswitghesnSdvandafd arehopen)-by coptgoldego@aNTT/ W8/ 14810
S4 are closed,sinultaneouysly -or at the same tinme (preferably by the sane

si gnal froRPESRLVEI | ERTREREL t k&) pdsi t FPENESHFthaldirechly cditheck@®P t o

el ectrode
el ectrode

10

15

20

25

8-1 and the _negative termipal (-) |s connected directly to

§18C5TOGRe R~ nand i A1 ER dCetmEnal sf mhil 2 RS SE
fluorescent lamp electrode 8-1. Controller CONT can operate
the switches in the range of about 75 kHz to abouﬁ 3.9 MHz
and preferably operates the switches to cause the square
wave applied to lamp electrodes 8-1 and 8-2 to be at a
frequency of about 100 kHz. é

In this invention, the magnitude of the alternating

voltage at the electrodes is of small significance in

d<d

initiating the discharge reaction, allowing the capability .

to start the production of visible light at a low or high

intensity -- since the 1light generated is in direct
proportion to the total energy input. (There is no need
for a large "starting strike" voltage to ionize the gas.)

Experiments with a transparent Phillips mercury vapor
electric discharge lamp model H39KB-175 (175 watts)
connected to the 1.2 watt driver (shown in Figure 6) shows

the same behavior and characteristics of the fluorescent

application. It is believed that the reaction starts at

one end of the tube and rapidly extends to the other or far

- end and then gets stable. Experiments connecting only one -
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(and switches S3 and S4 are open) by controller CONT, the positive

term nal I S connected directly to lanp electrode 8-2 and the negative

t er mi nal \M 9088%onnected to fluorescent |anp el ectrode SPET/USHHMBYI | er

CONT can operate 10 the switches in the range of about 75 kHz to about 3.9

MHz and preferably operates the switches to cause the square wave applied
anp el étheogdec3rblyiiS-Pilbebe capacd tdr eQliedisy ddemddutol®®E kddz. | n

t |‘s i nvention, the nmagnitude of the alternating 15 voltage at. the

el ect r odesPRELoPEsHAP D§| BAWEICc §Au&Cien ox siuppdyY ng tdwi et chareruplkest i on,

all owi ng the capability to start the production of visible light at a Iow
or high iREeNS 1?3993- (s7 Heeve ks | £ght eFaTRl@ledEremi a atdery gropekeion to
t he total ner There is no need 20 for,a large ' startlng strike"
vol tage to ?Ungée uﬁre E>‘<’]9é’re| MERAVETHEEh A +YaNnSIHEHE PAONL | Hia

gﬁ;ﬁ:&yeva z;;rﬁvgﬁ' %8%5 3?3? f%%(g ;ﬁal ”‘.’?f%laag‘s?fté% ¢ (”Shﬁéég?aw
pel  eved ¢ PAFERRE” FREN %t thr PhOE LR i ST e b 2SR d
gé;ﬁggtsl ;8 %ﬁfy%ﬁg p%rfof%%%Sgggdé’g% L@%/rﬁ%ﬁ% pzﬁ?n%ng e?ec?r o?yt I C

filter capagst ofnfl7b8 @eeewgéhe b@eﬁt@%rttog b [XorWEte @%C%&E

supply). Swtch 57 couples vol t age ts for exanple) froma
battery toelB8trode 708 of oscillating diode transistor 709. The

10 opposing ends of oscillating diode D1 are connected to the
upper and lower ends of the primary windings 705 and 706.
A capacitor shunts the oscillating transistor/diode 709.

The exemplary circuit components are as follow:

Fluorescent tube FT6
15 Resistor Rl 1500 Ohms
Capacitor Cl 47UF 10V Electrolytic
Transistor diode 709 5609/6BC/ECB
Capacitor 711 2A562K
Capacitor 712 2A22K
20 The output to the fluorescent tube is about 1.4 volts

RMS at 3.9 MHz open circuit and 1.7 MHz, square wave at the
tube. Thus, the system has no ballast transformer, no
thermionic heating of filaments, no starter circuit, and
produces light in a more energy-efficient way.

25 Figure 7 diagrammatically illustrates a
transformerless square wave inverter circuit. Here, the
positive (+) and negative (-) terminals of a direct current
source are alternately connected to opposing electrodes of
the fluorescent lamp(s). In this case, when switches S3 and
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‘| ow- vol t age square_wave inverter drive circuit 701 via 5 dinmer resistor
702 and filter capacitor 701, ThisslsHgeT HASIBEENI [ i ncl udes an oscillation

transf or mXO P8Naving a centef tappreblpceEpary wW ndi ng 70BCRAIESSHY |

708 of oscillating diode transistor 709. The 10 opposi ng ends of -
oscillating diode DL are connected to the upper and | ower ends of the
primary wi ndings 705 and 706. A capacitor shunts the oscillating
transi stor/di odWHAT9.IS TIAIMBITASY Y circuit conponents are as follow
Fl uorescent tube FT6 15 Resistor Rl 1500 Chns Capacitor Cl1 47UF 10V
Electrolytic Transistor diode 709 5609/ 6BC/ ECB Capacitor 711 2A562K
Capacitor 712 2A22K 20 The output to the fluorescent tube is about 1.4
volts RMB at 319 MHA opdAvcVeiétirgeand Nom-whermiqnicy wdvallasthireey
Thus, the $ stem has no ballast transfornmer, no, thefnmonic heating of
filanments, ﬁ8°§F§FF@F cirightingnSY$EPAUCESMPF§RENTN @thprikeast - one

-effigient . 25 Fi 7. di tically, ill t _

Cr anet of mof 1508 CShTHite ERRCH R por LF CEPHER: EPAFER LD (FALS phRIQTeReenY
ti 3 ' f dj. t t | t tely.

Connect od FRPEanohi Y FROEPBINE RROTREST AIbet oAt Pt FhoH P THTe

whe sW tCRe$e?dpd"d conining a gaseous discharge medium at a
predetermined pressure between said electrodes, and a power
‘supply, said power supply having a transformer with primary
and secondary windings, a direct current source, a solid
state switéh means connected between said pnimgry winding

et . g g G e . .
=10 and said source of direct current and means oﬂhectlng said

ot

secondary winding to said electrodes, said switch means and
said transformer primary winding being operated to generate
a substantially square wave alternating current wave at
said electrodes so that the voltage supplied to said
15 electrodes reverses polarity more rapidly than the pattern
of electron and ion density in the .tubeawcéﬁi;shift and
electrons throughout-the length of the tubew;;; continually
accelerated and will, through several cycles of said square

wave create ions throughout the tube's volume, in steady

20 state operation.

2. A low-voltage, non-thermionic, ballast-free
fluorescent lighting system comprising at least one gas
filled tube with electrodes spaced in saidﬁgﬁgéw filled

P Tl

Y

mary-
wi nding 705 and 706 with the center top 07 connected to gate electrod

be.

and

case,



TH S ' SHEEt HAS BEEN WO 99/ 05890' REPLACED PCTI US98/ 148. 10 WHAT. 1S

CLAI MED | & 1.?#% | ow-vol tage, non-therm ons ballast-free fl uorescent
lighti ng"éxf%?gé coorrpri sing at |least- one fluorescent tube PAHYSRIEY ¢ odes
spagged in said fluorescent tube, a UV responsive phosphor and a |ight

t sm ssive 5 envel ope confining a gaseous di scharge nedium at a o
et er m @d@qhreda rsupReNisetivis ctke¢ery r odBRisahd whposeveradupphps sai d
power supply having a transformer with primary and secondary wi ndings, a
di rect curfidnt S85&PEe, CANsAG dusedat ebsGpusR nehds Lk creyes@adeedsSsai d
primary winding 10 and said source of direct current and neans connecting
said secofFPREhPHECTS ERPJ OiiNdedistal d refctdRimeldhsthRdtuesi d
transfornmer_primary w nding being operated to generate a substantially
square wave& Hﬂﬂﬁéﬁﬁng current wave at said el ectrodes so that the

vol t age suppl i ed,.ts i I raod rever ol.ar | N pidlLy than
t heé pattern of %gléigiag%f;e% %%%ﬂné)é%r@ﬁeyneﬁsn qstﬁght%u%e,"fewéé'% g‘ﬁ:{’?t bg‘r%‘
el ectrons - - he it.ubg.are Nt V. C at ed
and will, Hﬁoug%{“sevéggl icyc e%%\t'eééi cf'ésjqﬁégé t\gf\gvtgl reaétleafiég:?ls%hsq:

throughout Jdiert UBRLEAYREHESR, dua3E€20Yon£0 HPt RoQPEEARLIBNs2 oA the

| ow-vol tage, non-thermonic, ballast-free fluorescent |ighting system

congri Si n]g_iﬁvééﬁqsan el Vase rEddfiy | Hebd O MENLRbEET 5RUEIcBPRBEENEN
sal as | e

art.
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WO 99/ 05890 PCT/ US98/ 14910 electrode supports this theory. This is why
several lanps in series can b¢ THedHEBRHASSEENNE fiel d reversal is

achi eved 'Wer808899 he ori gi nal .distal: REPAGCEDBN :in [ he tube PBOI/USY3848L0 5
Whi |l e preferred enbodi nents of the 1 nvention have been described and e,
illustrated, it will be appreciated that other enbodi nents, adaptations '
and nodi f i gptépnatOhgt Rardeienapd Wil ls e gadikycapRarant thaet hgse
skilled in the art. -21 TH S SHEET HAS BEEN WO 99/ 05890 REPLACED

'PCT/ US98/ 1¥8l iflge 18uppl fedatbngatdr et tvavesareteirded ¢Ri1Rdas woddat the
voltage supplied to said el ectrodes reverses polarity nore rapidly than

- the patternapiddyechamntledpatorerierst talddtide addibior ety iandhe

el ectrons throughout the length of each of the tubes are continually

accel er at etub@dcan | $hifit camh dbestrenal thyohghoat thied 1eguathe ofaeact eat e

i ons throughout the tube's volunme, in steady state operation. 4. A

f | uor escer®f |ttt wbesyarencenbprualhy ancetembitedt pod wiflllyortdsomgh gas
di,schar ge Iaqg neans, source of a | ow voltage, high-frequency square

a
wave vol t SJRVEFaYi fYChepaPf SRiduisENate ARl raatieaionss timoughopt C 5
free circuit co nepting sai d | owvol tage, high-frequency square wave
vol t age t o*& BUPe |3r BSLUME gdR aFeaAYr §&akeaPPerdFi9Ron-t her ni oni cal | y
excite and illumnnate said
4. A fluorescent 1lighting system comprising in

combination a fluorescent gas discharge lamp means, a
source of a low-voltage, high-frequency square wave voltage
having a pair of output terminals and a substantially LC
- 5 free circuit connecting said low—voléage, high-frequency
square wave voltage to said fluorescent gas discharge means
to " non-thermionically excite and illuminate said

fluorescent gas discharge lamp means.

5. The fluorescent lighting system defined in Claim
4 wherein said low-voltage, high-frequency square wave
voltage is in the frequency range of about 75 kHz to about

3.5 MHz.

6. The fluorescent lighting system defined in Claim
4 wherein said low-voltage, high-frequency square wave

voltage has a frequency of about 100 kHz.

-24-



fluorescent gas di scharge | am orescent lighting system
defined in d %llﬂ)\ 4 wher ei n - shildll$ éﬂﬁ@%ﬁt\&@éENh gh- frequenc& [L%uare wave
vol tage iYARNH frequency range JYEPABNSER 75 kiHz to about F 6. The

flugrescent lighting systemdefined in Claim 4 wherein said | owvolt

SHEETpheShBEEN-ca ¥l 9N 890 REPLACEDt PGTY4i5981448ve0 ephobpber
coMed tube, a light transm ssive envel ope, 5 confining a gaseous
di schar ge pedEiming @ pgadepcueniditipmrss umeddamwea Saipredeteymieed UV

phosphor

suppl vy,
wi ndi ngs,

primary w RBEndD&SIN&d Falis cefofaid &ife kRS endNEnd MOHRT cHHRR
sai d secondaré wi nding to.said el ectrode

HQﬁﬂﬁfvﬁHB?ﬁﬁ @é“ﬁ?qK%rgf@@%??ﬂﬂﬁkrﬁfgh RIHATM FAE

transf or mef2t

age,

hi of- f requency square wave voltage has a frequency of about 100 kHz. -24

material on the internal walls of said envel ope, and a power

SBFESEBRer bekweep madchelecrradesr nEV BhospharRatemtrl seBondary

a di rect current_ source, a switch neans 1Q connect ed betﬁeen sai d

Yi

ng

neans and sai,d

Vol tage upBrPbi<rs UafaThbbe: P AELCRE, s EkEnE EOAFRHS aofutbehMiteh T,

the patter fo Rhegleat i

el ectrons
and wi |l |

15

20

rou hout %ﬁﬁ@%%|§%¥9dED“ 5¥¥u8éhgggbggﬁ%fﬁﬁgﬁ?y aé@ggerated

a&%a&e bQREehlr Q‘r‘x@hﬁ'étantsh%otnlhté%t%. VPIdHR ddbShEARY wiRdEng

to said electrodes, said switch means and said transformer
primary winding being operated to generate a substantially
square wave alternating current wave at said electrodes so
that the voltage supplied to said electrodes reverses
polarity more rapidly than the pattern of electron and ion
density in the tube can shift and electrons throughout the
length of the tube are continually accelerated and will
create ions throughout the tube's volume, in steady state
operation.

3. A low-voltage fluorescent lighting system
comprising at least three fluorescent tubes, each tube
having spaced electrodes in a light transmissive envelope
confining a gaseous discharge medium at a predetermined
pressure between said electrodes, and a power supply,
means connecting a direct current source, a solid state
switch means connected between said electrodes and said
source and said electrodes, said switch means being

operated to generate a substantially square wave
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operation. 3. A lowvoltage fluorescent lighting system conprising at

east three fluorescent tubesyseadri -l UHE .;1ing spaced el ectrodes in a
EfY 4 ous di schar gePCEHUSIBIMED a

predeterm ned 5 pressure beTWeeT—$at )des, and a power supply,
means connecting a direct current source, a solid state sw tch neans— "
connect ed ,bet; 1d electrodes and said squrce _and said.electrodes, N\
caid sw t IEEIRARET, FEIF ynsaes M A trth FiseBi A e )
-23 TH' S s%ﬁ-lbalﬂs @E%%@gﬁ)ﬁﬁ?r@ REPLACED PCT/ US98/ 148:.10
hi gh-frequency, square wave voltage 240 an open circuit at ~ said pair of
-output termnals. 13. The fluorescent lighting systemdefined in Claim 12
“wherein said neans to protect includes a fast-acting fuse. 14. The
fluorescent |igig] norisystpioeeidawd 1 gkt 2h§ sydreheagENneal dnmeaasmt 0
protect includes a crowbar circuit cohnected across said output termnals.
15. The flioresweeteihgbhiagmernkeodgfidiastd ik Pidies 18 vhgtendtiagd | ow
voltage is fromabout 2 volts to about 90 volts and the frequency is from
about 75 kiteséo about 3.5 ° MHz. 16. The fluorescent lighting system
defined in aim 11 wherein said |low voltage is fromabout 2 volts to
about '

14. The fluorescent lighting system defined in Claim
12 wherein said means to protect includes a crowbar circuit

connected across said output terminals.

15. 'The fluorescent lighting system defined in Claim
10 wherein said low voltage is from about 2 volts to about
90 volts and the'frequency is from about 75 kHz to about

3.5 "MHz.

16. The fluorescent lighting system defined in Claim
11 wherein said low voltage is from about 2 volts to about
90 volts and the frequency is from about 75 kHz to about

3.5 MHz.

17. The fluorescent lighting system defined in Claim
4 wherein said low voltage is about 7 - 12 volts and said

-frequency is about 100 kHz.
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90 volts and the frequency is fromabout 75 kHz to about 3.5 MHz. 17. The

fluorescent |ighting system def| negs siefs ahpefnWherein said | ow voltage is
about 7 :-WPZ”(Pg?QPS and said .flequerkepLhSE@bOUL |100 kHz. PSE/CRRR/HSEEET
HAS BEEN WO 99/ 05890 REPLACED PC : — The fluorescent |ighting
ii;ten1defined in Claim 4 wherein said low voltage is in the range of

e

t 2 volts To abohé SDuvektsen8. 1Igatlingosgsten ddfghtedigis\Cliaim

ned in Cdaim 4 wherein said |low voltage is in the range of about 2 to
about 90 vélwbenein hssid Iowquelicyge nis hin rang e arigaboiitabut KHa gl sabout
3.5 MHz. 9. The fluorescent lighting systemdefined in Claim 4 wherein
sai d vol t age abowboBP Polbdkts and said frequency is about 3.5 MHz. 10. The
fluorescent lighting systemdefined in Claim 4 wherein said fluorescent
gas discharge |anp neans includes at |east two conventional fluorescent
tubes and neans conpnecting said tubes in . series across said pair. of
out put terninal$: 11Th?h€lgP68?§§B§n lBP&HPFn§Y§}§WbHQ£¥QQéLFQrF%ﬂ%ﬂrn 4
wherein sajd f]uorescent, s discharge Ja st three

i ncl t .|
f1uorescent tY 8§eéﬂdsﬁé§% oW g"%gf%lng glsﬁﬁlgfg%t?? g}bf%%or S@nt

tubes in

about 90 volts and has a frequency in the range of about 75

kHz to about 3.5 MHz.

9. The fluorescent lighting system defined in Claim
4 wherein said voltage is about 2 volts and said frequency

is about 3.5 MHz.

10. The fluorescent lighting system defined in Claim
4 wherein said fluorescent gas discharge lamp means
includes at least two conventional fluorescent tubes and
means connecting said tubes in series across said pair of

output terminals.

11. The fluorescent lighting system defined in Claim
4 wherein said fluorescent gas discharge lamp means
includes at least three fluorescent tubes and means
connecting said at least three fluorescent tubes 1in

5 electrical series across said pair of output terminals.

12. The fluorescent lighting system defined in Claim

4 including means to protect said source of low-voltage,
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5 electrical series across said pair _of output termnals. 12. The
fluorescent |ighting sysftemst@fdenadhd peki:di m 4 including means to protect
sai d sourwe wfosssew- vol tage, k%ﬁtﬂ’(tﬂlﬁ- SHEET: HAS. BEEN WO BOr/05432@810

: REPLACED PCT/ US98/ 1491( 3T escent lighting systemdefined ing—
CI aim 20 wherein there are at Teast three fluorescent gas discharge—l ab

f?SR?fLSds'th et (i TR O Do LR PSSP nya08 b CRRIAT
of about. OVOlwth%rtengx Qo 0yl L5 290510 i—.h g%%fggﬁh%g%gk”ggﬁ}éswm

defined in daim wherein said voltage is a

f | uor escents diHiidd101 aiss CRRArdLeh 'fnGs%'rTeszoac‘!@@é@ 3a33 Ga/ch tage |
about 2-4 volts sai frequency is about

fluorescembﬁmiﬂglgg system defined in Caim 20 mhereln the frequency of
said square wave voltage is about 100 kHz. 28. The fluorescent |ighting
systemdefined in daim 27 including neans to protect said source of a

| ow- vol tage, high-frequency, square wave voltage froman open circuit at
said pair of ow4put The nfinsdrescadt -1 Vh Ol §58PHt ainll Ge SHEED HASC1BERN

PCT/ US98/ 148. 10
© 20 wherein said voltage is in the range of about 2 volts to

about 90 volts.

25. The fluorescent lighting system defined in Claim

- 20 wherein said voltage is about 2 volts RMS.

26. The fluorescent lighting system-defined in Claim
20-wherein said voltage is about 2-4 volts RMS and said.

frequency is about 3.5 MHz.

27. The fluorescent lighting system defined in Claim
20 wherein the frequency of said square wave voltage is-

" about 100 kHz.

28. The fluorescent lighting system defined in Claim
27 including means to protect said source of a low-voltage,
high-frequency, square wave voltage from an open circuit at

said pair of output terminals.
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REPLACED 61 18. The fluorescent lighting systemdefined in Claim 4 wherein
sai d source includes one or nore sW EGRIQgrTtHANsERN Qrs and an oscil | ation
transfor mEP.I80The f| uorescent |ilghti ngesystrm defilned | RCEUSP8A48103
wherein said voltage is in the range—of—2—=—90"volTs and said frequency is
qhe range of about 75 kHz to about 3.9 kHz. 20. A fluorescent lighting
SO0

em conpri si hg. t woher fluoresébrer @3ghrtingas yditeohdefaneimrdelias, a

ce of |owvoltage, high-frequency, square wave voltage having a pair
of out put 4 emwherdin aschitkassuroenedhcigdesi doheo or Snome e swittarheisoent gas
di scharge |l anp devices in series across said pair of output termnals to
non-t her ni vwaeslsyorexandeanndsrildatiene teaing fimgimend gas di scharge | anp
devices. 21. The fluorescent lighting systemdefined in Claim 20 wherein
said | owvol tage, high-frequency, square wave voltage source operates in
the range of about 75 kHz_to about 3.5 Mdz. 22. The fluorescent_ lighting
system defined %+ &P fduorRarens daphtisg FyStege dafiified fdyfehfdm

square wav vol t age source erates at about 100 k -27. WD 99/ 05890 THI S
STEET HAS CRENMPEPIAEH P RS 8 B e TaRasethct W) HRF T B m 32
wher ei n Saégid frequency is in the range of about 75 kHz to about 3.9

kHz.

20. A fluorescent lighting system comprising two or
more fluorescent gas discharge lamp devices, a source of
low-voltage, high-frequency, square wave voltage having a
pair of output terminals and means connecting said two or

5 more fluorescent gas discharge lamp devices in series
across said pair of output terminals to non-thermionically
excite and illuminate said pair of gas discharge lamp

devices.

21. The fluorescent lighting system defined in Claim
20 wherein said low-voltage, high-frequency, square wave
voltage source operates in the range of about 75 kHz to

about 3.5 MHz.
22. The fluorescent lighting system defined in Claim

20 wherein said low-voltage, high-frequency, square wave

voltage source operates at about 100 kHz.
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voltage is in the range of about 2 volts RMS to about 85 volts RMS. 34.

The nethod defined in clajim3? mheLepn—ﬁa|d frequency is about 3.5-VHz and
sai d vol twgesdsss@bout. P THIROSHRET BAS BEER®: et hod defi ned i n ¥dmisys@&iwher ei n
said frequency is abojt 10RERHACHAd saild voltage is about 16 volts. 36;——
The met hod defined in Qaim32 including the step of varying the errerrgy. ;
l-evel from sai JSourge to id | . 1 vary he, 1 evel of |um nosit

emtted by sai qu scgﬁ?%O% ﬁggPlﬁﬁgT ]G§§§O%%ngke§ﬁéET FAE BEEN
PCTI US98/ P fl nt I n te n |n
Claim 2917\%{51%% ngsééfgri.teé%s gHSer c(#gc oﬁ%cl ud{égi‘ﬂ]i:E g%'@/}ﬁ :Qntg(%# uggéi

The fl uorggaenrt gMsghti ng systenldeflned in Claim 28 wherein said neans to
protect includes a crowbar circuit connected across said output termnals.
31. The fluorescent lighting systemdefined in Caim 20 including neans to
vary the energy level delivered from said source to said |lanp devices to
vary the |evel 3af. IThE nasithpdeniéteelly @i Claip devi GReredd. fab@t hod of
igniting a fluorescent |anp having spaced electrodes imersed in a gas at
vol t ages ffareqmeinew is about 3.5 MHz and said voltage is about 2

volts.

35. The method defined in Claim 32 wherein said

frequency is about 100 kHz and said voltage is about 16

volts.

36. The method defined in Claim 3§ including the step
of ‘varying the energy level from said source to said lamp
to vary the level of lumindsity emitted by said fluorescent

lamp.
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the required starter ignition voltage for conventional fluorescent |anps

with cold cathodes conprising: 5 provj e square wave
al t er nat i'W@ 99989 age source of betweeh TABDEHERT HASBEES| | s BETUBMYIABHN
aboyt 75 kHz and 4 MHz, and applying g_| owREFLAGER squafe wave al ternating

curgent fromsaid source directly to said fluorescent Tanp 10 so that the

age on sai g anprid eClidd¥iefcd BV el SRt LA§ PPLRENt MefBRRBAS QB' ghwiwhan the
paf@ern of electron and ion density in the gas can shift. -

29 wherein said means to protect includes a fast-actlng

fuse.

30. The fluorescent lighting system defined in Claim
28 wherein said means to protect includes a crowbar circuit

connected across said output terminals.

31. The fluorescent lighting system defined in Claim
20 including means to vary the energy level delivered from
said source to said lamp devices to vary the level of

luminosity emitted by said lamp devices.

32. A method of igniting a fluorescent lamp having
spaced electrodes immersed in a gas at voltages far below
the required starter ignition voltage for conventional
fluorescent lamps with cold cathodes comprising:

5 providing a low-voltage square wave alternating
voltage source of between about 2 - 85 volts and between
about 75 kHz and 4 MHz,

and applying a low-voltage square wave alternating
current from said source directly to said fluorescent lamp

10 so that the voltage on said lamp electrodes reverses its
polarity more rapidly than the pattern of electron and ion

density in the gas can shift.
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