
3,334,2 70 J. A. NUCKOLLS 

DI SCHARGE LAMP CIRCUIT 

v Aug. 1, 1967 v 

2 Sheets-Sheet 1 Filed‘ Sept.‘ 4, 1964 

, é? 



3,334,270 ‘Aug- 1, 1957 J. A. NUCKOLLS 

DISCHARGE LAMP CIRCUIT 

2 Sheets-Sheet 2 Filed Sept. 4, 1964 , 

acid/s, 
( mg.» 

'OOOQOO 

_ fmélz 0/‘: 

v 5 ' Ire 

“y ‘ 1% 

Q3. 



1 , 

3,334,270 
DISCHARGE LAMP CIRCUIT - » 

Joe A. Nuckclls, Hendersonville, N.C., assignm- to Gen 
eral Electric Company, a corporation-of New York 

‘ ‘ Filed Sept. 4, 1964, Ser. No. 394,498 , ’ 
6 Claims. (Cl. 315-471) » I i 

The present invention .relates to a circuit for starting 
‘and operating a high intensity are discharge lamp, and 
more particularly concerns a starting and operating cir 
cuit for such lamps operated by direct current. 
High intensity are lamps of the above type frequently 

are constituted by‘lamps containing high pressure ‘xenon 
gas. Such lamps are normally rated to operate at 100 to ‘ 
200 amperes, 25 to 35 volts D-C and may well be operated 
by conventional D~C generators, or batteries, or by a 3 
phase step-down transformer and ?ltered supplier, which 
may be designed to accommodate a range of lamp wattage 
levels. The DC supply can be controlled by feedback to 
provide lamp load regulation and load adjustment.‘ T0 

of about 30-60 kv. must be applied across the lamp elec 
trodes to ionize the xenon gas and form a conduction path 
within the lamp. This ‘must be immediately followed by 
a high current discharge from a voltage source of about 
65 volts D~C minimum to‘form a heated cathode spot 
for initiating electron emission in the lamp. Upon emis 
sion and starting of the lamp, the lamp impedance drops 
and normal :operation continues substantially- at 100 to 
200 amperes, and‘25 to 35 volts D-C. ' ' 

Prior ignition devices for such lamps have various 
‘drawbacks. -In certain cases, the circuit arrangements were 
such that the components were not adequately protected 
from or able to withstand the effects of the high voltages 
and high currents employed vin the startingmechanism of 
the circuits. In other cases, the circuit arrangements did 
not have su?icient reliability in operation,‘ and in still 
others cumbersome and expensive equipment was required 
to effect the desired starting and operating functions and 
in a very inet?cient manner. ' ‘ , . _ 

It is an object of the invention to provide an improved 
circuit arrangement for starting and operating gas dis 
charge lamps such as high pressure xenon, gas discharge 
lamps. _ ’ - ‘ - 

_ It is a particular ‘object of the invention to provide a 
circuit of the above type which e?‘iciently and reliably 
produces high voltage pulses for igniting the gas discharge 
lamp. ' 

It is a further object of_the invention to provide a 
circuit of the above type which is compact in form,'eco¢ 
nomical tov manufacture, and has long‘ operating life. _ 
Other objects and advantages will, become; apparent 

from the followingdescription and the appended claims. 
With the above objects in view, the present invention 

relates, in ‘a preferred embodiment, to an operating and ig 
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nition, circuit for operating a high pressure gaseous dis?‘ ' 
charge lamp from a low voltage, high current, unidirec 
tional current source comprisinglan operating circuit in- ' 
eluding a current limiting impedance, azdecoupling recti¢ 
?er and ‘the lampconnected in series across the source 
terminals, and a two-stage pulse generating ignition ciré 
cuit connected across the operating ci_rcuit,vcomprising in 
its ?rst stage an operating capacitor, a silicon controlled 
recti?er having a control electrode, and a step-up trans 
former, the primary of the transformer and the silicon 
controlled recti?er being connected in series. across the 
operatingcapacitor to form a discharge loop, and a- volt 
age sensitive switch, preferably a glow discharge lamp, 
having a predetermined ‘breakdown voltage connected be 
tweenthe control electrode‘of the silicon controlled rec~ 
ti?er and the operating capacitor for ‘energizing the op 
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crating circuit when the voltage across the operating ca 
pacitor reaches a. predetermined level, and the second 
stage of the ignition circuit comprising an oscillating cir 
cuit connected between the secondary of the step-up 

_ transformer and the lamp for inducing high voltage pulses 
' for igniting the lamp. ' 

The invention will be better understood from the fol 
lowing description taken in conjunction with the ac 
companying drawing in which the single ?gure illustrates 
an embodiment of the invention. ' 
As shown in the drawing, the operating circuit for dis 

charge lamp 1 includes a low-voltage direct current source 
such as a direct current generator 2, conductor 3, ballast 
resistor 5, decoupling power diode 6, transformer 7, and 
conductor 8. _. 

Discharge lamp 1 illustrated is a xenon arc discharge 
lamp comprising an envelope 9, anode 10 and cathode 11. 
The lamp typically operates from ‘approximately 145 
amperes and 34.5 volts D-C. Source 2 can therefor'ebe ‘a 
40 volt supply. To ignite xenon lamp 1, a pulse of about 
30-60 kv. must be applied across the lamp electrodes to 
initially ionize the gas. ' 

Connected to the operating circuit, as shown in the 
drawing, is a starting circuit for the lamp which includes 
a voltage supply of 120 volts A-C, push starting switch 
12,-current limiting resistor 13, and recti?er diode 14. 
Connected in series across the operating circuit are current 
limiting resistor 15 and storage capacitor 16. Diode 14 
provides half-wave recti?cation of the AC supply ‘cur; 
rent to .produce approximately a 170 peak voltage build 
up across capacitor ‘16 when starting switch ‘12 is actuated. 

Capacitor 16 thus provides the driving voltage func 
, tion for ‘a pulse generating circuit 17, shown enclosed in 
dotted lines, which forms a part of the starting circuit and 
which develops a high voltage,’ short duration-pulse across 
lamp 1. r . i I 

‘ Pulse generating circuit 17 includes current limiting 
resistor 18 and operating capacitor 19 connected in series 
‘between conductors 3 and 8 to forms charging circuit 
across storage capacitor 16.v Operating capacitor 19 pro 
vides the required high voltage pulse energy. Gate 200 V 
is connected through resistance‘ 21 and glow, lamp 22, 
which is typically‘ a neon lamp, to the positive side of 
capacitor 19 and thus to the anode of siliconcontrolledv 

When the voltage ‘across capacitor 19 ‘becomes sul? 
cie'ntly high, neon lamp 22 will ‘break down-to become 
conductive and will provide a gate pulse and ?re silicon‘ 
controlled recti?er 20. As a' result, the voltage across 
capacitor 19 is applied across the primary winding of step 
up transformer 23, the series connection of operating capa 
citor 19, silicon controlled recti?er 20 and the primary of 
transformer 23 thereby forming a discharge loo . 1 ' 
The secondary of transformer 23 is’connected to one 

terminal of ‘spark gap 24, the other terminal of the ‘latter 
is connected to the primary of pulsetransformer 7, and 
high frequency capacitor, 26 is connected between the 
latter primary and the junction of spark gap 24 and trans 
former 23, thus forming a discharge loop with spark gap 
24 and the primary of transformer 7. The stepped-up. 
voltage produced inthe secondary of transformer 23'is 
applied to capacitor ‘26 until reaching about 10 toflS kv., 
it attains the breakdown potential of spark gap 24. The 
latter gap ionizes and applies’the stepped-up voltage pulse 
to the primary of pulse transformer 7. The latter, in turn, 
transforms this voltage to a magnitude of about $0 to 60 
kv., and this voltage is applied to lam'pll which is con 
nected by its anode 10 to the secondary of pulse trans- ‘ 

. former 7. The lamp gas ionizes and ignites, and when the 
70 lamp operates, the voltage in the circuit drops below the 

holding voltage of neon lamp 22 and the pulse generating 
circuit 17 ceases to operate, while the‘ operating current 
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from DC source 2 still passes through pulse transformer 
7 to continue operation of lamp 1. ‘ ' v 

Capacitor 16, being connected to ground, is charged by 
therecti?ed A-C current supply to an intermediate voltage 
of about 170 volts and will have stored therein approxi 
mately 10 joules of energy. This energy serves to main 
tain the operation of the lamp and develop a hot spot on 
the lamp cathode until the voltage drop across the lamp 
falls below the source voltage. Then the source voltage 
takes over operation of the lamp through ballast resistor 
5 and power diode 6. 
When the silicon controlled recti?er switch 26 is closed 

as described, capacitor 119 and the inductance of trans 
former 23 comprise a resonant circuit providing a relative 
ly efficient energy transfer of 1 joule of energy from capa 
citor 19 to capacitor v26 in a pulsed manner. Accordingly, 
it is desirable to match capacitors 19 and 26 to accommo 
date this energy transfer considering the transfer e?i 
ciency. The frequency involved in the ?rst transformation 
is typically in the neighborhood of 200 c.p.s. Similarly, 
when the voltage sensitive switch constituted by spark gap 
24 closes, capacitor 26 and the pulse inductance of the 

. enables the anode of the 
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primary of pulse transformer 7 comprise a discharge cir- -‘ 
cuit which transforms, in like manner to the previously 
described mechanism, the high voltage pulse. The. reson— 
ant frequency of this circuit is in the neighborhood of 
1 megacycle. 
The discharge of capacitor 19 is buffered from its driv 

ing mechanism by the resistance 13. Likewise, the dis~ 
‘charge of capacitor 26 is buffered from its driving mecha 
nism by the leakage reactance of transformer 23. The 
silicon controlled rectifier switch 20 is commutated by the 
attempted ring-back of the resonant mechanism of capa 
citor l9 and transformer 23. The provision of thyrector 
27 across silicon controlled rectifier 20 ensures that volt 
age reversal across this recti?er does not exceed its rating. 
Resistor 21 between glow lamp 22 and gate electrode 20a 
of the silicon controlled recti?er limits the peak gate 
current. , - ‘. 

While only one neon lamp 22 is shown in the gating 
circuit, in practice it may be advantageous to provide two 
or more such lamps in parallel to achieve high, reliability. 
As .Will be evident, silicon controlled recti?er 20 in 

combination with neon lamp 22, or neon lamp 22 alone, 
may be considered a voltage sensitive switch which op 
erates through discharge capacitor 19 at a predetermined 
voltage level. Other forms of voltage sensitiverswitches, 

' such as a semiconductor Shockley diode, may be sub 
stituted for the silicon controlled recti?er-neon lamp com 
bination, or merely for the neon lamp, to obtain equi 
valent results in the described arrangement. As well 
known, glow lamps such as neon lamps, or Shockley 
diodes, upon reaching breakdown voltage continue to 
conduct current at a voltage substantially below the 
breakdown voltage level. . - _ 

A high frequency by-pass capacitor 28 is preferably 
arranged in parallel across the operating circuit as shown 
to ensure that the input to pulse transformer 7 remains 
at the high frequency A-C ground during the charging of 
capacitor 26 and during the pulsing of lamp ll, consider 
ing lamp distributed capacitance, leakage and other 
factors. I ‘ 

The use of a glow lamp in the circuit as described pro 
vides a positive ‘gating action for the silicon controlled 
recti?er, ‘forcing the voltage across the latter to drop 
rapidly during its heavy conduction period to prevent 
burn-out of this component. Furthermore, the circuit 
arrangement is such, as described, as to inherently pro— 
vide pulses on the lamp electrodes which have a polarity 
corresponding to the electrodes,v thus providing optimum 
starting conditions. 
FIGURE 2 shows an alternative circuit arrangement 

which is similar to that of FIGURE 1 but in which 
the components and the terminals have polarized so as 
to provide a common anode connection. This arrangement 
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xenon lamp 1 to be physically 
connected to ground potential, if so desired. In the FIG 
URE '2 arrangement, lamp electrode 10a is the cathode 
and lamp electrode Ha is the anode. 

While the present invention has been described with 
rcferenceto particular embodiments thereof, it will be 
understood that numerous modi?cations may be made 
byv those skilled in the art without actually departing 
from the scope of the invention. Therefore, the ap 
pended claims are intended to cover all such equivalent 
variations as come within the true spirit and scope of the 
invention. I ' 

What I claim as new and desire to secure by letters 
Patent of the ‘United States is: , 

1. An operating and ignition circuit for operating a 
high pressure gas discharge lamp from a low voltage, 
high current unidirectional current source, said lamp 
requiring every high ignition voltage followed by an 
intermediate voltage greater than that of said source 
sustained for a time sufficient to assure cathode-warm 
up in order for the arc drop across the lamp to-fall 
below the value of the source voltage comprising, in com 
bination, an operating circuit including a current limit 
ing impedance, a decoupling recti?er, and said lamp 
connected in series across the source terminals, a two-7 
stage pulse generating ignition circuit connected across 
said operating ‘circuit comprising in its ?rst stage an op’ 
erating capacitor, voltage ‘sensitive switch means, and 
a step-up transformer, the primary of'said transformer 
and said voltage sensitive switch means being connected -, 
in series across said operating capacitor to form a dis 
charge loop, said voltage sensitive switch means having 
a predetermined breakdown voltage resulting, in con 
duction thereof at a substantially lower voltage, a puls 
ing circuit being formed by the primary of'said trans 
former, said operating capacitor and said voltage sen 
sitive switch means, said pulse generating ignition cir 
cuit comprising in its second stage an oscillating cir 
cuit connected between the secondary of said step-up 
transformer and said lamp for producing high voltage 
pulses for igniting said lamp, and a storage capacitor 
.connected across said lamp and said ignition circuit for 
providing the intermediate voltage for electron emission 
in said lamp and for charging said operating capacitor. 

2. An operating and ignition circuit'for operating a 
‘high pressure gas discharge lamp froma low voltage, 
high current unidirectional current source, said lamp 
requiring a very high ignition voltage followed by an 
intermediate voltage greater than that of said source 
sustained for a time sufficient to assure cathode warm 
up in order for the arc drop across the'lamp to fall’ 
below the value of the source voltage comprising, in 
combination, an operating circuit including a current 
limiting impedance, a decoupling recti?er, and said lamp 
connected in series across the source terminals, a two 
stage pulse generating ignition circuit connected across 
said operating circuit comprising in its ?rst stage an 
operating capacitor, a silicon controlled recti?er having 
a control electrode,-and a step-up transformer, the pri 
mary of said transformer and said silicon‘controllcd 
recti?er being connected in series across said operating 
capacitor to form a discharge loop, and voltage sensi 
tive switch means having. apredeterrnined breakdown 

‘ voltage resulting in conduction thereof at a substantially 
lower voltage and being connected between said con 
trol electrode of said silicon controlled recti?er and 
said operating capacitor for turning on said silicon con 
trolled recti?er when the voltage across said operating 
capacitor reaches said predetermined breakdown voltage, 
a pulsingvcircuit being formed by the primary of said 
transformer, said operating capacitor and said silicon 
controlled recti?ensaid pulse generating ignition circuit 
comprising in its second stage an oscillating circuit con 
nected between the secondary of said step-up transformer 
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and said lamp for producing high voltage pulses for 
igniting said lamp, and a storage capacitor connected ' 
across said lamp and said ignition circuit for providing 
the intermediate voltage for electron emission in said 
lamp and for’ charging said operatingcapacitor. 

3. A circuit as de?ned in claim 2, and means for charg 
_ ing said storage capacitor to said intermediate voltage 
and for initiating operation of said ignition circuit com 
prising an alternating current source of at least about 
120 volts connected across said operating circuit, means 
for rectifying the alternating current from said source 
to direct current, and switch ‘means for applying the 
voltage of the thus. recti?ed alternating current source 
to said storage capacitor. _ , 

4. A circuit as de?ned in claim 3, and a thyrector 
connectcd'across said silicon controlled recti?er; 

5. A circuit as de?ned in claim 3, said voltage sensitive 
switch means comprising a glow discharge lamp. 

6. A circuit as de?ned in claim 3, said voltage sensi-. 
tive switch’ means comprising 
discharge lamps. 

parallcl‘connected glow 20 
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