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57 ABSTRACT 

An automatic start circuit for a gas-filled tube having 
an anode and a cathode, such as a deuterium lamp, 
the anode thereof being connected to both a voltage 
source for providing a firing voltage and a current 
source for providing the operating current after firing. 
The filament of the tube has a first voltage thereacross 
upon application of power to the circuit. A time delay 
circuit is provided having a time delay consistent with 
the warm-up time required for the tube, the termina 
tion of the predetermined time delay actuating a cur 
rent regulator for regulating the anode to cathode cur 
rent flowing through the tube. After the tube fires, the 
flow of such current energizes a filament voltage 
switch to apply across the filament a second voltage 
lower than the first voltage to compensate for power 
dissipation in the filament by virtue of the current 
flow. The time delay means includes an astable multi 
vibrator providing pulses to a counter, which, after a 
preset count initiates a pulse to actuate the current 
regulator. The counter is reset by a reset circuit imme 
diately upon application of power. 

12 Claims, 1 Drawing Figure 
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AUTOMATIC START CIRCUIT FOR LAMP 

BACKGROUND OF THE INVENTION 

This invention relates to a start circuit for a gas filled 
lamp and more particularly to an automatic start circuit 
for a gas filled lamp having an anode and a cathode 
such as a deuterium lamp. 

In typical gas filled lamps or tubes such as deuterium 
lamps a time delay is required for cathode warm-up, 
during which time it is desirable to apply to the filament 
a certain voltage which is higher than that necessary for 
continuous operation. Similarly with respect to such 
lamps the firing voltage, i.e. the voltage at which the 
lamp conducts between anode and cathode, can vary 
over a wide spread due to the characteristics of the 
lamp. For example, in a deuterium lamp the firing volt 
age may vary from 125 to 350 volts while the on volt 
age at 300 milliamps varies between 40 and 100 volts. 
Another characteristic of a deuterium lamp is that the 
current required to lower the anode to cathode voltage 
below 125 volts is one to 10 milliamps. Furthermore, 
start circuits for such lamp must have the capability to 
continuously reapply the firing voltage until the lamp 
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fires. Due to the wide range of operating parameters of 25 
a gas filled lamp, start circuits that provide a firing volt 
age equal to the highest possible voltage to ensure that 
all lamps thereafter used fire, can result in excessive 
power and heat dissipation from the lamp after the 
lamp has fired. Similarly if an excess voltage is used on 
the filament to shorten the cathode warm-up time of a 
gas filled lamp, the excess voltage can shorten the lamp 
life as well as create excess heat. 

SUMMARY OF THE INVENTION 

Accordingly it is an object of the invention to provide 
a new and improved automatic start circuit for gas 
filled lamps or the like having an anode and a cathode. 

It is another object of this invention to provide an au 
tomatic start circuit having time delay means for cath 
ode warm-up of the gas filled lamp. 

It is a further object of this invention to provide a reg 
ulated current through the lamp after the lamp has 
fired from a voltage lower than that necessary for lamp 
firing. 

It is still another object of this invention to provide 
an automatic lowering of the filament power to com 
pensate for the dissipation caused by the anode cur 
rent. 

It is a still further object of this invention to provide 
an automatic retiming of the time delay means to rein 
stitute application of the firing voltage after a power 
failure. 
The foregoing and other objects of the invention are 

accomplished by providing a gas filled lamp having the 
filament or cathode thereof connected to a voltage 
source switchable between a first warm-up voltage and 
a second operating voltage, less than the first. The 
anode of the gas filled lamp is coupled to a voltage 
source for applying a firing voltage and then applying 
a current regulated low voltage after the lamp has fired. 
The current regulator is switched on after a predeter 
mined time delay generally equal to the time required 
for cathode warm-up, the time delay being provided by 
the output of a counter to a latch after the count 
reaches a predetermined count. The clock pulses to the 
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2 
counter are generated by means of an astable multivi 
brator having a predetermined time constant so that 
the total number of pulses from the multivibrator to the 
counter provide an output from the counter equal to 
the time required for cathode warm-up. Reset means 
are provided to reset the counter immediately upon ini 
tiation of power to the circuit so that the predeter 
mined time delay remains constant for each application 
of power. 
Other objects, features and advantages of the inven 

tion will become apparent from the following specifica 
tion taken in conjunction with the accompanying draw 
Ing. 

BRIEF DESCRIPTION OF THE DRAWING 

The sole FIGURE is a schematic diagram of an auto 
matic start circuit for a gas filled lamp in accordance 
with the invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Circuit Description 
Referring to the FIGURE there is shown an auto 

matic start circuit for a gas filled lamp 10 having an 
anode 12 and a cathode or filament 14. Gas filled lamps 
such as deuterium lamps have particular application 
where a light source having a known light spectrum is 
desired, such as in spectrophotometry. However, one 
of the basic problems relating to such gas filled lamps, 
is that the operating parameters for such lamps vary 
from lamp to lamp within a given lot of lamps. For ex 
ample the firing voltage can be anywhere within a 
range from 125 volts to 350 volts while the operating 
voltage to maintain conduction once the lamp has fired 
can be anywhere within the range from 40 volts to 100 
volts at 300 milliamps of operating current. Further 
more the current required to lower the anode to cath 
ode voltage below 125 volts can range anywhere be 
tween one and 10 milliamps. Gas filled lamps of this 
type further require a cathode warm-up time of 2.5 to 
3 minutes to provide proper conduction once fired. 

In the following discussion representative values of 
the following components will be given with respect to 
the operation of a deuterium lamp. Furthermore, major 
functional portions of the circuit have been enclosed in 
dotted lines and labeled with appropriate descriptions 
of the function for ease of explanation. These major 
functional elements include a filament voltage switch 
16, a current regulator 18, a latch 20, an astable multi 
vibrator 22, a reset circuit 24 and a counter 26. 
The filament voltage switch 16 includes a NPN tran 

sistor 28 having the emitter thereof coupled to the neg 
ative side of a d.c. source Va which may be for example 
13 volts d.c. The positive side of voltage source V is 
coupled to the filament 14 by means of lead 29, with 
the other side of filament 14 being connected by means 
of lead 30 through a resistor 31 (20 ohms) to the base 
of transistor 28. The emitter of transistor 28 is con 
nected to the collector thereof through resistor 32 (3 
ohms), while the collector is also connected to the 
cathode of biasing diode 33, having the anode thereof 
connected to lead 30 intermediate resistor 31 and fila 
ment 14. 
The anode 12 of lamp 10 is connected by means of 

lead 34 to first and second voltage sources. An alternat 
ing current source 35 (350 VAC) is applied through 
isolating transformer 36 when switch 37 is actuated to 
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close the circuit between alternating current source 35 
and the primary winding of transformer 36. The secon 
dary winding of transformer 36 has one end thereof 
coupled to ground while the other end thereof is con 
nected to the anode of diode 38, the cathode thereof 
being coupled through resistor 39 (15 K ohms) to lead 
34. This provides a half wave rectified voltage through 
resistor 39. The second voltage source V (150 V.D.C.) 
has the positive side thereof coupled through diode 40 
to lead 34. 
The current regulator 18 includes an operational am 

plifier 42 and first and second NPN transistors 43 and 
44, with the collector of transistor 44 being coupled by 
means of lead 45 to the base of transistor 28 of the fila 
ment voltage switch 16. The emitter of transistor 44 is 
connected to ground through resistor 46 (10 ohms), 
the emitter also being connected by means of lead 47 
through feedback resistor 48 (10 Kohms) to the nega 
tive input of operational amplifier 42. The output of 
operational amplifier 42 is coupled through resistor 49 
(100 ohms) to the base of transistor 43, while the emit 
ter thereof is connected to the anode of diode 50, the 
cathode of which is connected to the base of transistor 
44, and also through resistor 51 (1 K ohms) to ground. 
The collector of transistor 43 is connected through bias 
resistor 52 (470 ohms) to a voltage source --V (15 
V.D.C.), this voltage source also providing the bias for 
operational amplifier 42 over lead 53. Lead 53 is cou 
pled through power supply bypass capacitor 54 (0.01 
microfarads) to ground. A negative source of bias -V. 
(-15 V.D.C.) is also applied to operational amplifier 
42 by means of lead 55, which is similarly coupled to 
ground through power supply bypass capacitor 56 (0.1 
microfarads). 
Intermediate current regulator 18 and latch 20 is a 

voltage divider including resistors. 60 (11.8 K ohms) 
and 6 (18.2 K ohms) connected in series between 
voltage source -V, and lead 62 providing the output of 
latch 20. The point intermediate resistors 60 and 61 is 
connected to the positive input of operational amplifier 
42. 
The latch 20 includes PNP transistor 64 and NPN 

transistor 66, transistor 64 having the collector thereof 
coupled to lead 62 to provide the latch output. Lead 62 
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is also coupled to the base of transistor 66 through re- 45 
sistor 67 (3 K ohms). The emitter of transistor 64 is 
connected by means of lead 68 to a positive source of 
voltage V, the voltage source also being coupled to 
the collector of transistor 66 through series resistors 69 
(1 Kohms) and 70 (3 K ohms). The point intermediate 
resistors 69 and 70 is coupled to the base of transistor 
64. The emitter of transistor 66 is connected to ground 
by means of lead 71, while the base of transistor 66 is 
connected to ground through resistor 72 (1 K ohms). 
The latch 20 is set by means of a pulse appearing at the 
output of counter 26, this pulse appearing on lead 75 
through resistor 76 (1 K ohms) through resistor 78 (1 
Kohms) to the base of transistor 66. The point inter 
mediate resistors 76 and 78 is coupled through smooth 
ing capacitor 79 (10 microfarads) to ground. 
The input to counter 26 is provided by clock pulses 

appearing on lead 80 which is the output of astable 
multivibrator 22. The multivibrator 22 includes PNP 
transistor 82 and an NPN transistor 83, the collector of 
transistor 82 being coupled to the base of transistor 83. 
A capacitor 84 (100 microfarads) is connected be 
tween the emitter of transistor 82 and the emitter of 
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4. 
transistor 83, the emitter of transistor 83 being con 
nected to ground. The base of transistor 82 is con 
nected to ground through resistor 85 (5.1 K ohms), 
while the base is also coupled to a voltage source --V 
(+5 V.D.C.) through series resistors 86 (1.6 K ohms) 
and 87 (1 K ohms). The point intermediate resistors 86 
and 87 is connected through resistor 88 to the emitter 
of transistor 82. This point is also connected to lead 80 
and the collector of transistor 83. 
A reset circuit 24 provides a reset pulse on lead 90 

to reset counter 26 to zero. Reset circuit 24 includes a 
PNP transistor 92 having the emitter thereof coupled 
to a voltage source V and the base thereof coupled 
to the same voltage source through resistor 93 (10 K 
ohms). The base of transistor 92 is connected through 
resistor 94 (1 K ohms) in series with capacitor 95 (10 
microfarads) to ground. The collector of transistor 92 
is coupled to lead 90 and also coupled through resistor 
96 (220 ohms) to ground. 
Circuit Operation 
When power is applied to the circuit all voltages are 

energized simultaneously along with the simultaneous 
actuation of switch 37 to connect alternating current 
source 35 to the primary of transformer 36. The volt 
age sources then remain energized during the operation 
of the circuit. 

Briefly, the operation of the circuit is as follows. With 
the initial application of voltage the reset circuit 24 
provides a pulse on lead 90 to reset the counter 26. The 
astable multivibrator 22 and counter 26 form a time 
delay circuit which provides a pulse output on lead 75 
at the expiration of a predetermined time period. Dur 
ing this predetermined time period the anode 12 of gas 
filled tube 10 receives its firing voltage on lead 34 from 
a combination of the half wave rectified alternating 
current voltage and the d.c. voltage source hV, 
(approximately 400 volts peak). Current to the fila 
ment 14 is being applied from a voltage potential of ap 
proximately 12 volts across the filament from the volt 
age source Vs through the filament 14, through lead 30, 
through resistor 31, through the base emitter path of 
transistor 28 to the negative side of voltage source Vs. 
After the counter 26 achieves its preset count indica 
tive of the predetermined time delay the pulse appear 
ing on lead 75 sets latch 20, which, as will hereinafter 
be explained, remains "set' so long as the voltage 
sources are energized. With latch 20 set, a potential ap 
pears across voltage divider resistors 60 and 61 thereby 
providing a reference voltage to operational amplifier 
42 of current regulator 18. After the current regulator 
18 turns on, current flows from the anode 12 to the 
cathode or filament 14 of the gas filled tube 10. This . 
current (approximately 300 milliamps) flows from the 
filament 14 through lead 30 through resistor 31, over 
lead 45 from the collector to emitter of transistor 44 
through resistor 46 to ground. This current flow 
through resistor 31 provides a voltage drop sufficient to 
back-bias transistor 28, thereby rendering it noncon 
ductive. Consequently, filament current must now flow 
through resistor 32, thereby lowering the filament volt 
age to the operating level of approximately 10 volts. In 
asmuch as this sequence is controlled by the current 
through the lamp 10 rather than by the time delay 
means, the power to filament 14 will stay high until the 
lamp fires. Once the lamp 10 fires, the operating cur 
rent (approximately 300 milliamps) is supplied from 
the low voltage power supply --V (approximately 150 
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volts) through diode 40 with a minimal amount of cur 
rent being supplied from alternating current source 35 
due to the high resistive value of current limiting resis 
tor 39 (15 K ohms). 
Referring now to the reset circuit 24, the purpose of 

the reset circuit is to ensure that the counter 26 starts 
in the "zero' state, inasmuch as in the event of power 
failure counter 26 can be in any state when power is ap 
plied if it is not reset. When voltage source --V is ini 
tially applied, capacitor 95 is discharged. Current then 
flows through the emitter to base junction of transistor 
92 through resistor 94 to charge capacitor 95. This cur 
rent turns on transistor 92, applying voltage to lead 90. 
This voltage sets the counter 26 to the zero state. As ca 
pacitor 95 charges, the voltage across it increases. 
When the voltage increases to the point that sufficient 
current can be supplied through resistor 93 to finish the 
charge and hold it, transistor 92 turns off. Resistor 96 
then pulls the voltage on lead 90 down below the 
threshold of the reset input of counter 26. Resistor 96 
must be small enough to hold the voltage thereacross 
below 0.7 volts. 
With the counter 26 reset, the time delay means then 

proceeds for a predetermined time period equivalent to 
the desired warm-up time of the lamp 10. For a deute 
rium lamp 10 the desired warm-up time is 2.50 to 3 
minutes or approximately 200 seconds. Due to the dif 
ficulty of building circuits with long time constants, 
pulse counting from an astable multivibrator is pro 
vided. In this manner no gating is required, and al 
though the counter 26 is shown as a single counter, two 
decade counters can be used with the 8-binary output 
of the second decade counter being utilized to provide 
the output on lead 75. This would result in 80 counts 
of the multivibrator 22, which would effectively give a 
repetition rate of 2.5 seconds for the multivibrator 22 
to achieve the 200 second time delay desired. In the 
astable multivibrator 22 resistors 86 and 85 supply the 
bias voltage for the base of transistor 82. Resistor 88 
and capacitor 84 form the RC time constant that deter 
mines the frequency. Resistor 87 is the load resistor for 
transistor 83, and with the circuit off, very little current 
flows through resistor 87 thereby causing the voltage 
on lead 80 (the collector of transistor 83) to be approx 
imately equal to the voltage source V. Current flows 
through resistor 88 to thereby charge capacitor 84. 
When the voltage on capacitor 84 rises to about 0.7 
volts above the bias voltage supplied by resistors 85 and 
86, transistor 82 conducts, thereby causing current 
flowing through transistor 82 to flow into the base of 
transistor 83, thereby turning on transistor 83. At such 
time as transistor 83 conducts, the voltage on lead 80 
will be approximately equal to ground potential (with 
negligible voltage drop across the collector to emitter 
junction of transistor 83). Additional feedback through 
resistor 86 to the base of transistor 82 will hold transis 
tor 82 in conduction until capacitor 84 is discharged 
through the emitter of transistor 82. As the capacitor 
84 discharges the base potential of transistor 82 will 
drop below that necessary to sustain conduction, at 
which point transistor 82 will turn off thereby causing 
transistor 83 to turn off, letting lead 80 go back to its 
initial state of approximately the same potential as the 
voltage source hV. 
The pulses from astable multivibrator 22 continue 

until counter 26 reaches the predetermined count (80 
counts) at which point lead 75 goes "high.' 
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6 
Latch 20, immediately upon the application of 

power, is in the “off” condition with resistor .69 pre 
venting transistor 64 from conducting while resistor 72 
prevents transistor 66 from conducting. When the 
pulse appears on lead 75 current flows through resis 
tors 76, 78 and 72 to ground. Resistor 76 and capacitor 
79 form a transient filter to prevent premature firing 
when the power is applied or by noise spikes that could 
appear in the system. With the flow of this current a 
voltage appears across resistor 72, and when this volt 
age is greater than the base to emitter voltage drop of 
transistor 66, transistor 66 conducts, causing current to 
flow through resistors 69 and 70. The current flow 
through resistor 69 is sufficient to cause a voltage drop 
thereacross, thereby rendering transistor 64 conduc 
tive. The current flowing from the voltage source V, 
through the emitter to collector junction of transistor 
64 through series resistors 67 and 72 to ground supplies 
a sufficient signal to maintain the conductive state of 
transistor 66 after the pulse appearing on lead 75 ends. 
Latch 20 remains latched until the power is subse 
quently removed. 
Current flowing through the emitter to collector 

junction of transistor 64 from the voltage V, also 
flows through lead 62 and through series resistors 60 
and 61 to a negative source of potential -V. The volt 
age divider consisting of resistors 60 and 61 is utilized 
to provide a reference voltage from the intermediate 
point between the resistors to the positive input of op 
erational amplifier 42. 
With respect to the current regulator 18, the basic 

circuit is a voltage follower, that is, the voltage at the 
emitter of transistor 44 will approximately equal the 
voltage at the junction of resistors 60 and 61. Resistor 
49 is a current limiting resistor to limit the current out 
put from operational amplifier 42 to the base of transis 
tor 43. Transistor 43 functions as an emitter follower 
to give current amplification to the current flowing 
through resistor 49. Diode 50 is a protection diode to 
prevent high voltage from being applied back through 
resistor 43 into the voltage source V, in the event 
transistor 44 should fail. Resistor 52 is a current limit 
ing resistor to protect transistor 43, with resistor 51 
being a base bias resistor for transistor 44. When a posi 
tive voltage is applied from the junction of resistors 60 
and 61 to the amplifier 42, the output of amplifier 42 
goes positive, thereby applying a positive voltage to the 
base of transistor 43 rendering transistor 43 conduc 
tive, permitting current flow from voltage source V, 
through resistor 52, through the collector to the emitter 
junction of transistor 43, through diode 50, through re 
sistor 51 to ground. This current flow will cause a volt 
age drop across resistor 51 sufficient to render transis 
tor 44 conductive. At this point the anode to cathode 
current is flowing through gas filled lamp 10, the cur 
rent flowing through lead 30, through resistor 31, 
through lead 45, through the collector to emitter junc 
tion of transistor 44 and through resistor 46 to ground. 
The current from amplifier 42 through resistor 49 will 
increase until the voltage drop across resistor 46 is ap 
proximately equal to the voltage applied to the positive 
input of amplifier 42. The voltage appearing at the 
emitter of transistor 44 is applied through current limit 
ing resistor 48 to the inverted input of amplifier 42 to 
provide negative feedback thereby regulating the cur 
rent through current regulator 18. 
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With reference to the filament voltage switch 16, as 

transistor 44 conducts and current flows through gas 
filled lamp 10 from the anode 12 to cathode 14, transis 
tor 28 which was initially conductive now becomes 
nonconductive by the back-bias resulting from the cur 
rent flowing through resistor 31 through transistor 34, 
through resistor 46 to ground. Transistor. 28 then be 
comes nonconductive resulting in the flow of current to 
the filament from the positive side of voltage source V. 
through lead 29, through filament 14, through lead 30, 
through biasing diode 33, through resistor 32 to the 
negative side of voltage source V. In this manner the 
filament voltage switch 16, upon initial application of 
power, provides a first current path for filament 14 
through transistor 28, and upon energization of current 
regulator 18 after the predetermined time delay result 
ing from multivibrator 22 and counter 26, provides a 
second current path through resistor 32 when transistor 
28 becomes nonconductive. The net effect is approxi 
mately 12 volts initially applied to filament 14, with ap 
proximately 10 volts being applied across filament 14 
after the lamp has fired. 
Consequently it can be seen by the utilization of the 

circuitry shown in conjunction with a gas filled lamp, 
the following functions are performed. A time delay is 
provided consistent with the required cathode warm-up 
time for gas filled lamps. By the utilization of a half 
wave rectified alternating current voltage source in 
conjunction with a low voltage current regulated cur 
rent source, two effects are achieved - the firing volt 
age is continuously reapplied until the lamp fires, and 
the anode to cathode current of the gas filled lamp 10 
is regulated from a low voltage power source after the 
lamp has fired. Furthermore with respect to the fila 
ment power, by providing two discrete levels of current 
therethrough, the filament power is automatically low 
ered after the lamp has fired to compensate for the dis 
sipation caused by the anode to cathode current 
through the gas filled lamp 10. With the utilization of 
the reset circuit 24 the time delay means are automati 
cally reset to zero in the event of a power failure. 
While there has been shown and described a pre 

ferred embodiment, it is to be understood that various 
other adaptations and modifications may be made 
within the spirit and scope of the invention. 

I claim: 
1. In a circuit for starting and operating a gas-filled 

tube or the like having an anode and a cathode with a 
predetermined warm-up time, the combination com 
prising: 
a voltage source connected to the anode for provid 
ing a firing voltage for said tube; 

a current source connected to the anode for provid 
ing an operating current for said tube after conduc 
tion at approximately the operating voltage of said 
tube; 

means for providing a first filament voltage to the fil 
ament of said tube; 

current control means for controlling the current 
through said tube after firing; 
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8 
time delay means for providing a predetermined time 
delay approximately equal to the warm-up time of 
said tube, 

means responsive to the termination of said time 
delay for energizing said current control means; 
and 

means responsive to the flow of current through said 
tube after firing for applying a second filament 
voltage lower than said first filament voltage during 
conduction of said tube. 

2. The combination according to claim 1 wherein 
said time delay means includes a counter receiving 
timed pulses, a predetermined count initiating a pulse 
indicative of the termination of said predetermined 
time delay. 

3. The combination according to claim 2 wherein 
said timed pulses are provided to said counter from an 
astable multivibrator. 

4. The combination according to claim 3 wherein 
said time delay means further includes a reset circuit 
operable in response to the initiation of power to the 
automatic start circuit for providing a reset pulse to 
said counter. 

5. The combination according to claim 4 wherein 
said means responsive to the termination of said time 
delay includes a latch circuit operative in response to 
the pulse output of said counter after the predeter 
mined count, said latch circuit remaining set so long as 
power is supplied to the automatic start circuit. 

6. The combination according to claim 5 wherein 
said current control means is a current regulator. 

7. The combination according to claim 6 wherein the 
setting of said latch circuit supplies a reference poten 
tial to said current regulator. 

8. The combination according to claim 7 wherein 
said means responsive to the flow of current through 
said tube for applying a second filament voltage in 
cludes a voltage source switchable between said first 
and second filament voltages. 

9. The combination according to claim 8 wherein 
said switchable voltage source includes a normally con 
ductive switch in series therewith and a voltage drop 
ping resistor in parallel with said switch. 

10. The combination according to claim 9 wherein 
said switch is a transistor which becomes reverse biased 
and nonconductive upon conduction of current 
through said tube. 

11. The combination according to claim 1 wherein 
said means responsive to the flow of current through 
said tube for applying a second filament voltage in 
cludes a voltage source in series with said filament and 
further in series with a normally conductive switch, said 
switch having a voltage dropping resistor in parallel 
therewith. 

12. The combination according to claim 11 wherein 
said switch is a transistor, said transistor becoming re 
verse biased to render it nonconductive in response to 
the flow of current through said tube only after said 
tube fires. 

k is it is is 


