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ABSTRACT: An oscillator circuit for starting and operating 
gas-filled tubes having a starting mode which provides a signal 
of high voltage and very high frequency followed by an operat 
ing mode after the tube ionizes whereby the voltage and 
frequency are considerably reduced, but current through the 
tube is increased. In the operating mode, the impedance of the 
secondary is substantially the ohmic resistance of the tube so 
that overall efficiency is very high. 

  





3,573,544. 
GAS DISCHARGE LAMP (CERCUETERMPLOYINGA 

TRANSESTOREZED OSCHILLATOR 
This is a continuation of application Ser. No. 624,764, filed 

Mar. 21, 1967 now abandoned. 
The present invention relates generally to lighting circuits 

and more specifically to an improved circuit which increases 
the efficiency of gas-filled tubes both in the starting and the 
operating phases as well as the life expectancy of the tube it 
self. Such gas-filled tubes include fluorescent tubes, utl 
raviolet, rare gas tubes such as neons, and vapor devices such 
as mercury vapor, sodium vapor and the like. The ensuing 
description will be directed to the application of the circuit to 
fluorescent lamps with the understanding that the principle of 
operation with other gas-filled tubes will be the same. 
There have been a great number of circuits proposing vari 

ous types of ballast devices and oscillator circuits to increase 
the efficiency of operation of fluorescent lamps. A general ap 
proach of most of such devices has been to increase the 
operating frequency of the signal transmitted to the tube and 
opinions differ considerably as to the optimum frequency at 
which operation is the most efficient. It seems to be the con 
sensus of opinion that an operating frequency of about 10,000 
cycles per second is the most efficient. Some other proposed 
circuits use this operating frequency to initiate the ionization 
of the tube or lamp by inserting reactance elements in the 
lamp circuit so that a high starting voltage is impressed across 
the lamp, decreasing the ionization time. None of these 
proposed systems has reached an acceptable degree of effi 
ciency and it is still common in most installations to use con 
ventional ballast units. With such units, the operating life of 
the lamp is definitely limited, and the operating life will be 
shortened even more if the number of starts made with the 
lamp is high. 
The particular advantage of the circuit of the present inven 

tion is that it provides a means for operating fluorescent lamps 
with less power input for the same light output, or conversely, 
at the same power input, brighter illumination is obtained. 
Another advantage is that the life of the tube is not effected by 
the number of times ionization is started. For example, manu 
facturers rate fluorescent tubes in terms of operating hours 
and number of starts. On a hot cathode tube rated at 7,500 
hour lifetime, the maximum number of starts to be expected is 
about 2,500. A cold cathode tube may be rated at 15,000 to 
30,000 hours with an almost indefinite number of starts, but 
operates at much lower efficiency than the hot cathode type 
and is not in general use. With the circuit of the present design 
in excess of 5,000 starts have been obtained with a hot 
cathode-type tube without a noticeable decrease in the 
operating performance of the tube. 
The reason circuits heretofore proposed have failed to ob 

tain the efficiency of the present circuit is the failure to 
properly deal with the complex variable impedance of gas 
filled tubes. In the present invention the tube impedance is 
made a very definite part of the secondary circuit and is con 
sidered as an ohmic value. Taking the ohmic value of a 
specific tube, the values of the other circuit elements are then 
determined and a well-matched resonant circuit is provided 
for maximum efficiency with that specific tube. The same cir 
cuit will operate other tubes of different size or power require 
ments but not as efficiently as for the specific tube for which it 
was designed. It has been found that manufacturers' speci 
fications are sufficiently strict so that tubes having the same 
manufacturer's specifications will have very nearly the same 
impedance. mm v m -- - . . . . . . . ... -u --- 

It is an object therefore of the present invention to provide 
an improved circuit for the operation of gas-filled tubes. 

It is a specific object of the present invention to provide a 
circuit for gas-filled tubes having improved operating efficien 
cy and performance characteristics. 

It is also an object of the present invention to provide a gas 
filled tube circuit having decreased starting time. 

It is another advantage of the present invention that open 
circuit operation or breakage of the fluorescent tube will not 
result in damage to the circuit nor will shorting of the tube ter 
minals. 
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2 
It is also an advantage of the present invention that light 

outputs in excess of rated values for particular fluorescent 
tubes can be obtained without impairing the working life or ef. 
ficiency of the tube. 

Further objects and advantages of the present invention will 
become readily apparent upon reading the following detailed 
description in conjunction with the accompanying drawing in 
which: 

FIG. 1 is a schematic circuit diagram of a preferred embodi 
ment of the circuit of the present invention; and 

FIG. 2 is a graph representing performance characteristics 
of the circuit. 

In FIG. i., a transistor 10 is connected as a typical oscillator 
in which the emitter 11 is connected to the negative electrode 
12 of battery 13 through switch 35. Emitter 11 may be directly 
connected to electrode 12through switch 35 or through varia 
ble resistor 14 and capacitor 15 if it is desired that there be a 
means for adjusting the input voltage to the circuit. Zener 
diode 16 is connected between emitter 11 and collector 17 of 
transistor 10 to guard against excessive peak inverse voltages 
as when the tube is broken, etc. Collector 17 also connected 
to terminal 18 of the primary winding of transformer 19. The 
positive electrode 20 of battery 13 is coupled to tap 21 of 
transformer 19. A diode 22 may be connected in series with 
positive electrode 20 to prevent damage to the circuit should 
the connections to the battery 13 be inadvertently reversed. 
Capacitor 23 may be connected across the series combination 
of the battery 13 and diode 22 with the polarity shown in in 
stance where the battery 13 may be located some distances 
from the oscillator circuit in which case the leads would inject 
some unwanted inductance into the oscillator circuit. Capaci 
tor 23 is thus selected having a value to compensate for any in 
ductance added by the battery leads. 

Battery 13 is connected through a base circuit impedance to 
the base 24 of transistor i0. The base 24 is connected through 
capacitor 25 to terminal 26 of the feedback winding of trans 
former 19. A feedback resistor 27 is connected between tap 
21 and base electrode 24 and a bypass capacitor 28 is coupled 
across resistor 27. The base circuit impedance includes re 
sistor 27 and capacitor 25 and 28. Capacitor 28 is selected 
having a value such that it will protect the base 24 of transistor 
10 from peaks occurring in the oscillator circuit. 
The secondary winding 29 of transformer 19 has a capacitor 

30 coupled in parallel between terminals 31 and 32 thereof. 
Another capacitor 33 is connected in series with terminal 31 
and fluorescent tube 34 which is in turn connected to terminal 
32 of transformer 19. 
The operation of the circuit of FIG. 1 will be described and 

reference will be made to the wave forms shown in FG, 2. 
When switch 35 in the battery circuit is closed, transistor 10 is 
caused to oscillate at a frequency which is primarily deter 
mined by the impedance of secondary winding 29 and the 
parallel coupled capacitor 30. Since the fluorescent tube 34 is 
initially cold, it presents an infinitely high impedance at this 
time. The value of capacitor 30 and the inductance provided 
by secondary winding 29 is selected so that the frequency at 
which oscillator circuit initially operates will be from 150 to 
200kc. Winding 29 and capacitor 30 thus form a parallel reso 
nant circuit with a relatively high peak-to-peak voltage ap 
pearing across the terminals 31 and 32 of transformer 19. 
Capacitor 33 will have a value which is large with respect to 
that of capacitor 30 and thus the high voltage appearing across 
terminals 31 and 32 will be impressed across the terminals of 
fluorescent tube 34 as shown by FIG. 2 at the portion 
designated 36 of the voltage curve 37. The high frequency at 
this stage is shown at 38 on frequency curve 39 in FIG.2. The 
combination of high voltage and high frequency impressed 
upon tube 34 will rapidly initiate a glow discharge-type of 
ionization within the tube. This ionization will cause current to 
start flowing through tube 34 as shown by the lower portion 40 
of current curve 41 in FG, 2. 
As more current flows, as indicated by the upward slope of 

curve 40 with respect to time, ionization will rapidly increase 
inside tube 34 and the impedance thereof will drop, with the 
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result that the voltage appearing across the electrodes of tube 
34 will also drop as evidenced by the downward slope of por 
tion 36 of the voltage curve 37 in FIG. 2. The drop in the ef 
fective impedance presented by tube 34 also lowers the reso 
nant frequency for the oscillator circuit as shown by portion 
38 of the curve 39 in FIG. 2. As these changes occur capacitor 
33 becomes a significant factor in the circuit forming a series 
resonant circuit with secondary winding 29 and tube 34 
characterized by having high current and low voltage im 
pressed across tube 34 as shown by portions 42 and 43 respec 
tively of the curves 41 and 37 shown in FIG. 2. As series 
resonance occurs through capacitor 33, tube 34 and winding 
29, the significance of the relatively small capacitor 30 
becomes negligible and the operating frequency drops to the 
value of 30 to 50 kc. These changes all occur in a time of less 
than second and the resultant illumination obtained from 
tube 34 is demonstrated by the curve 44 in FIG. 2. As shown 
by curve 44, light output increases rapidly at the point of igni 
tion of tube 34 to a level of about 1,400 lumens and after addi 
tional heating rises to 1,600 lumens. Starting time for the tube 
used to obtain these values was about 30 milliseconds 
although this time as well as the other values will vary 
somewhat with different tubes and input values. 

Thus, the circuit operates in two phases, a starting phase 
characterized by high frequency and high voltage, followed by 
an operating phase characterized by having relatively low volt 
age and high current with an operating frequency less than the 
starting frequency. After current is flowing through tube 34 
sufficient heating occurs within the tube to heat the filaments 
thereof without the necessity for separate filament heating. 
This feature eliminates a respectable amount of power nor 
mally lost in merely heating the filaments. The high-frequen 
cy, high-voltage starting phase very rapidly initiates a glow 
discharge in the fluorescent tube and the circuit then auto 
matically reverts to a high-current, low-voltage operating 
phase which is more efficient. At the same time, the frequency 
drops to a more efficient operating level but one at which in 
creased illumination is still obtained from lamp 34. The 
dimming circuit provided by resistor 34 and capacitor 15 
drops the input voltage as desired, thereby lowering the light 
output. 
As an example of the increased results obtained with the cir 

cuit of the present invention, a standard single-pin fluorescent 
tube manufactured by Sylvania having a code No. F24T12, 
COOL-WHITE, was first connected in a conventional fixture 
operating at an input voltage of 110 volts at 60 cycles. This is a 
26 watt tube and it provided a light reading of approximately 
1,1000 lumens. The same 26 watt tube was then coupled into 
the circuit made in accordance with this invention in which 
the input voltage was 36 volts. Operating again at an input 
power of 26 watts, the tube started at a frequency of approxi 
mately 150 kc. and after starting provided a light output of ap 
proximately 1,600 lumens. After starting, current input was 
710 ma. at 42 kc. This represents a percentage increase in 
light output of approximately 45 percent. In a similar manner, 
the power input may be reduced 45 percent to about 14.3 
watts and still produce the same 1,100 lumens of light output 
obtained by the conventional circuit. 
With respect to life expectancy of the fluorescent tube 34, it 

has been found that the life is substantially prolonged. Manu 
factures of hot cathode-type tubes presently estimate the life 
of a tube at 7,500 hours with an expected number of starts at 
about 2,500. It has been found using the circuit of the present 
invention that in excess of 5,000 starts can be made with a hot 
cathode-type tube without noticeable deterioration. 
Thus it can be seen that the circuit of the present invention 

provides a unique method of operating fluorescent tubes 
which obtains greater illumination therefrom for a given input 
power while at the same time prolonging the operating life 
thereof. While a particular embodiment of this circuit has 
been shown and described, it will be obvious to persons skilled 
in the art that changes and modifications might be made, par 
ticularly as to the type oscillator circuit used, without depart 
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4 
ing from the invention in its broader aspects. It is the aim of 
the appended claims to cover all such changes and modifica 
tions as fall within the true scope and spirit of this invention. 
We claim: 
1. A system for starting and operating a gas-filled tube, the 

system comprising: an oscillator circuit adapted for connec 
tion to a source of electrical potential, said oscillator circuit 
having a starting mode characterized by a starting frequency 
and an operating mode characterized by an operating frequen 
cy; a transformer connected into and forming a part of said 
oscillator circuit, said transformer having a primary and a 
secondary winding, said starting frequency being at least in 
part determined by the transformer; a load circuit connected 
across said secondary winding, said load circuit consisting of 
capacitor means and a gas-filled tube connected in series cir 
cuit relationship so the capacitor means is decoupled from the 
transformer when the gas-filled tube is nonconductive; the 
secondary winding of said transformer being related to the pri 
mary winding so as to develop across the secondary winding as 
Soon as said oscillator is energized a high frequency voltage of 
sufficient magnitude which automatically initiates a glow 
discharge type of ionization within said tube during said start 
ing mode; and said operating frequency being substantially al 
tered by said capacitor means when the gas tube is conductive. 

2. A system as set forth in claim 1 wherein said capacitance 
of said capacitor means is of sufficient magnitude to control 
the current through said tube during said operating mode. 

3. A system as set forth in claim 1 wherein said capacitance 
means is of sufficient magnitude to provide a high operating 
current through said tube with a low-voltage drop across said 
tube during said operating mode. 

4. A system as set forth in claim 1, wherein said oscillator 
circuit includes: a transistor having a collector, an emitter and 
a base, said source of electric potential being connected in 
proper biasing relationship across said emitter and said base 
and being connected through said collector and said emitter 
across said primary winding of said transformer, said trans 
former including a feedback winding connected between said 
source of electric potential and said base of said transistor, 
and a base circuit impedance connected between said feed 
back winding and said base of said transistor for controlling 
the voltage and current applied to said base. 

5. The system as set forth in claim 4 wherein said base cir 
cuit impedance includes a feedback resistor and a bypass 
capacitor connected in parallel between said base and said 
source of electric potential, and a capacitor connected 
between said base and said feedback winding. 

6. A system for starting and operating a gas-filled tube, the 
system comprising: an oscillator circuit including current con 
trol device means adapted for connection to a source of elec 
trical potential, said oscillator circuit having a starting mode 
characterized by a starting frequency and an operating mode 
characterized by an operating frequency; a transformer con 
nected into and forming a part of said oscillator circuit, said 
transformer having primary, secondary and feedback winding 
means; an output circuit connected across said secondary 
winding, said output circuit including capacitor means and a 
gas-filled tube connected in series circuit relationship so the 
capacitor is decoupled from the transformer when the gas 
filled tube is nonconductive; the primary, secondary and feed 
back winding means of said transformer being related to the 
current control device means to form an oscillator circuit 
which develops across the secondary winding means a high 
starting voltage of sufficient magnitude to initiate a glow 
discharge type of ionization within said tube during said start 
ing mode; and said operating frequency being a frequency 
substantially different from said starting frequency due to the 
coupling to said transformer of said capacitor means when the 
gas tube is conductive; said operating frequency being 
selected to provide maximum output efficiency from said tube 
and being the resonant frequency for the inductance of said 
secondary winding means, the capacitance of said capacitor 
means and the ohmic resistance of said tube whereby the im 
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pedance of the output circuit at said operating frequency is es 
sentially the ohmic resistance of said tube. 

7. The starting and operating system of claim 6 wherein said 
starting frequency is at least a number of times higher than 
said operating frequency. 

8. A system for starting and operating a gas-filled tube com 
prising: a transformer having primary and secondary windings 
and a load circuit consisting of capacitor means and a gas 
filled tube connected in series circuit relationship with said 
secondary winding, means connected to said transformer for 
driving said secondary winding in a starting mode having a 
characteristic starting frequency which automatically ionizes 
the gas in said tube as soon as said secondary winding is so 
driven and in an operating mode having a characteristic 
operating frequency to provide alternating current to said 
tube, and a source of electric potential connected to said driv 
ing means. 

9. A system as set forth in claim 8 wherein said transformer 
forms part of a frequency determining portion of an oscillator 
formed by said driving means, and said transformer in com 
bination with said driving means provides a high frequency 
voltage across said secondary winding to start the tube during 
the starting mode. 

10. A system as set forth in claim 9 wherein said capacitor 
means forms parts of the frequency determining portion of the 
oscillator and has sufficient capacitance to alter substantially 
the operating frequency of the oscillator when said gas tube is 
operating. 

11. A system as set forth in claim 8 wherein said capacitor 
means has sufficient capacitance to control the current 
through said tube during said operating mode. 
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12. A system as set forth in claim 8 wherein the elements of 

said system being designed to provide an operating frequency 
between 30 and 50 kilohertz. 

13. A system for starting and operating a gas-filled tube, the 
system comprising: an oscillator circuit including current con 
trol device means adapted for connection to a source of elec 
trical potential, said oscillator circuit having a starting mode 
characterized by a starting frequency and an operating mode 
characterized by an operating frequency; a transformer con 
nected into and forming a part of said oscillator circuit, said 
transformer having primary, secondary and feedback winding 
means; an output circuit connected across said secondary 
winding, said output circuit including capacitor means and a 
gas-filled tube connected in series circuit relationship so the 
capacitor is decoupled from the transformer when the gas 
filled tube is nonconductive; the primary, secondary and feed 
back winding means of said transformer being related to the 
current control device means to form an oscillator circuit 
which develops across the secondary winding means a high 
starting frequency voltage of sufficient magnitude to initiate a 
glow discharge type of ionization within said tube during said 
starting mode; and said operating frequency being a frequency 
substantially different from said starting frequency due to the 
coupling to said transformer of said capacitor means when the 
gas tube is conductive, said operating frequency being deter 
mined at least in part by the resonant frequency for the in 
ductance of said secondary winding and the capacitance of 
said capacitor means operating through at least feedback 
winding means to alter the starting frequency of the oscillator. 
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