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[57] ABSTRACT 

A circuit for ?ashing a xenon or other high power 
flash lamp employs a capacitor incrementally charged 
from a non-saturating inductor storing energy supplied 
at a low dc voltage. A transistor switches current to 
the inductor. The transistor is controlled by a trans 
former having a primary connected across the induc 
tor. At the beginning of each capacitor charging cycle 
the transistor is turned on by regenerative action 
through the transformer. Current is supplied to the in 
ductor until the transformer saturates, causing transis 
tor turn-off. Energy stored in the inductor then is 
transferred to the capacitor via a diode. A reverse cur 
rent coupled through the transformer maintains the 
transistor off until substantially all energy stored in the 
inductor has been transferred to the capacitor. The 
charging cycle repeats until the voltage across the ca~ 
pacitor is suf?cient to fire the lamp. 

14 Claims, 2 Drawing Figures 
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LAMP FLASHING cmcurr 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a lamp ?ashing cir 

cuit, and particularly to a high ef?ciency circuit for in 
crementally charging a capacitor to a high voltage. 

2. Description of the Prior Art 
For many applications it is desirable to operate a 

xenon or other high power ?ash lamp from a low volt 
age dc supply. One such use is in a building security sys 
tem having a burglar alarm connected to a police sta 
tion or a private security agency. A high power ?ash 
lamp is mounted atop the building and connected to 
?ash when the burglar alarm is tripped. The ?ashing 
light, visible at some distance, allows a police helicop 
ter or patrol car to spot the building readily at night. 
Chances of apprehending the thief are improved. Bat 
tery operation is desirable to insure lamp ?ashing even 
if the thief should disable ac power to the building. 
High intensity xenon ?ash lamps operate at a rela 

tively high voltage, usually above 200 volts. Circuitry 
must be provided to convert a low dc supply to a volt 
age sufficient to fire the lamp. Typically this is done by 
repetitively, inductively storing energy at battery volt 
age, then transferring the energy from the inductor to 
the capacitor. In this way, the capacitor is charged in 
crementally to a level sufficient to ?re the ?ash lamp. 
The problem is one of ef?ciency in the energy transfer 
operation. In prior art circuits ef?ciencies below 50 
percent are the rule. Much of the energy not trans 
ferred to the capacitor is lost as heat, so that thermal 
dissipation from the circuit package becomes a serious 
consideration. More important, the low efficiency sev 
erly shortens the time period during which ?ashing can 
be powered with a certain battery. For example, if 19 
watts are required to ?ash the lamp once per second, 
a 24 volt, 6 ampere hour battery will ?ash the lamp, 
once per second for a period of only 1.5 hours at 40 
percent efficiency. One object of the present invention 
is to provide a lamp ?ashing circuit having higher effi 
ciency, typically greater than 75 percent, with concom 
itant lower heat loss and longer ?ashing time for a par 
ticular battery than has been possible in the past. 
Other prior art problems relate to the manner of in 

crementally charging the capacitor. In one type of cir 
cuit'the battery is connected to the inductor by an elec 
tronic switch. The capacitor and a diode are connected 
across the switch. With the switch closed, current is 
stored in the inductor. At the instant when the current 
reaches a preselected value, the switch is opened. As 
the magnetic ?eld of the inductor collapses, the stored 
energy is conducted via the diode to the capacitor. Al 
though simple in concept, the circuit is dif?cult to im 
plement since the switch must be operated at a precise 
instant, requiring special circuitry to sense current 
through the inductor. Furthermore, a diode having very 
fast turn-off speed is required. If the diode does not 
turn off rapidly when energy transfer to the capacitor 
is completed, current may ?ow back through the diode 
and appear across the switch, which may be closing for 
the next cycle. Ef?ciency is reduced, and catastrophic 
damage to a semiconductor switch may result. 
Another prior art approach involves the use of a 

blocking oscillator having a transformer which func 
tions both as a feedback element and for energy stor 
age. The oscillator cycle is established by saturation of 
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the transformer. However, the energy stored in an in 
ductor is proportional to LI2 where L is the inductance 
and I is the current. At saturation the inductance L is 
minimum. Accordingly, with the blocking oscillator 
transformer operating near saturation, less than maxi 
mum energy storage is achieved and signi?cant loss re 
sults. 

In inverter-type capacitor charting circuits, the ef? 
' ciency is limited by compliance voltage considerations 
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to less than about 50 percent. 
Thus it is another object of the present invention to 

provide a capacitor charging circuit which does not re 
quire a diode having fast turn-off time, and wherein the 
inductor used for energy storage is operated at a non 
saturating level to achieve optimum energy transfer ef 
?ciency. 

SUMMARY OF THE INVENTION 

These and other objects are achieved by providing a 
lamp ?ashing circuit wherein current to an energy stor 
age inductor is switched by a transistor. Conduction of 
the transistor is controlled by a transformer having a 
primary connected across the inductor. At the begin 
ning of each capacitor charging cycle the transistor is 
turned on by regenerative action through the trans 
former. The transistor remains on until the transformer 
saturates. During this on time, current is supplied to the 
inductor, which does not saturate. When the transistor 
switches off, the inductively stored energy is coupled 
via a diode to the capacitor. A reverse current coupled 
through the transformer maintains the transistor off 
until the inductor has completely discharged, complet 
ing the charging cycle. The action repeats until the 
voltage across the capacitor is suf?cient to ?re the 
lamp. 

BRIEF DESCRIPTION OF THE DRAWINGS 

A detailed dscription of the invention will be made 
with reference to the accompanying drawings, wherein: 
FIG. 1 is an electrical schematic diagram of a pre 

ferred embodiment of the inventive lamp ?ashing cir 
cuit. , 

FIG. 2 is a fragmentary electrical schematic diagram 
of a simpli?ed version of the invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The following detailed description is of the best pres 
ently contemplated modes of carrying out the inven 
tion. This description is not to be taken in a limiting 
sense, but is made merely for the purpose of illustrating 
the general principles of the invention since the scope 
of the invention best is defined by the appended claims. 

Operationalcharacteristics attributed to forms of the 
invention ?rst described also shall be attributed to 
forms later described, unless such characteristics obvi 
ously are inapplicable or unless speci?c exception is 
made. ’ 

Referring now to FIG. 1, the inventive lamp ?ashing 
circuit 10 is powered by a battery or other dc supply 
connected across the terminals 11a, 11b. Energy from 
this supply is used to charge a capacitor l2to a voltage 
sufficient to ?re a xenon or other ?ash lamp 13. Such 
charging is accomplished incrementally by storing en 
ergy in a non-saturating inductor 14 during an interval 
when a transistor 15 is biased on by circuitry including 
a transformer 16. The energy stored in the inductor l4 
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then is transferred via a diode 17 to the capacitor 12. 
The transistor 15 is held off during the entire energy‘ 
transfer duration, as described below, so that the diode 
17 need not exhibit fast turn-off characteristics. 
At the beginning of each capacitor 12 charging cycle 

no energy is stored in the inductor 14 and the trans 
former 16 is not saturated. Turn-on of the transistor 15 
is achieved by regenerative action involving feedback 
through the transformer 16. To this end, a starting volt 
age is supplied by a resistor 19 to the base of a low 
power transistor 20 via a path including the supply ter 
minal 110, a line 21, the resistor 19, the secondary 16s 
of the transformer 16 and a current limiting resistor 22. 
The collector of the transistor 20 is connected di 

rectly to a tap on the inductor 14. The transistor 20 
emitter is connected via a resistor 23 and a line 24 to 
the other supply terminal 11b, and via a resistor 25 to 
the base of the transistor 15. Thus the voltage supplied 
via the resistor 19 causes the transistor 20 to begin con 
duction, driving the base of the transistor 15 positive. 
The transistor 15 itself starts to go on, tending to clamp 
the collector and the line 26 toward the negative poten 
tial of the terminal 11b. 
Accordingly, a current path is provided from the pos 

itive terminal 11a via the line 21 the primary 16p of the 
transformer 16, a current limiting resistor 27 and the 
collector-emitter of the transistor 15 to the negative 
terminal 11b. The resultant current ?ow through the 
transformer primary 16p induces in the secondary 16s 
a signal which enhances the positive starting voltage at 
the transistor 20 base. Thus the transistor 20, and 
hence the transistor 15 both are driven further into 
conduction. This regenerative action causes the transis 
tor l5 rapidly to reach the condition of maximum con 
duction. 
When the transistor 15 conducts, current is supplied 

to the inductor 14 from the dc supply via the collector 
emitter path of the transistor 15. This current causes 
energy to be stored in the form of a magnetic field in 
the inductor 14. Current ?ow through ‘the transistor 15, 
and concomitant energy storage in the inductor l4, 
continues until the transformer 16 saturates. The pa 
rameters of the transformer 16 and the inductor 14 are 
selected so that such transformer 16 saturation occurs 
while the inductor 14 is still unsaturated. 
When the transformer 16 saturates, transformer ac 

tion ceases and a positive voltage no longer is induced 
in the secondary 16s. The transistor 20 base voltage de 
creases correspondingly, and the bias supplied via the 
resistor 19 is insufficient by itself to keep the transistor 
20 on. As a result, the transistor 20 turns off, causing 
the transistor 15 base to go negative and the transistor 
15 to turn off. This opens the current path through the 
transformer primary 16p, inducing in the secondary 16s 
a negative going pulse which reinforces turn-off of the 
transistors 20 and 15. 
As soon as the transistor 15 turns off, current no 

longer is supplied to the inductor 14. The magnetic 
?eld in the inductor 14 starts to collapse, and the en 
ergy stored therein is inductively coupled to a winding 
14a and thence via the diode 17 to the capacitor 12. 
Substantially all the energy stored in the inductor 14 is 
transferred to the capacitor 12. 
As the inductor 14 magnetic field collapses, a reverse 

current appears across the inductor 14. This current 
also flows through the transformer primary 16p to in 
duce in the secondary 16s a voltage which is negative 
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4 
at the base of the transistor 20. The secondary 16s 
current flow is through the path including the resistor 
22, the base-emitter path of the transistor 20, the resis 
tor 23, the line 24 and a diode 28 shunted by a capaci 
tor 29. As a result, the transistor 20, and hence the 
transistor 15, is clamped off so long as the inductor 14 
is discharging. The transistor 15 will not turn on until 
substantially all of the energy stored in the inductor 14 
has been transferred to the capacitor 12. The diode 17 
need not exhibit fast turn-off time, since it is the dis 
charge of the inductor 14 which determines how long 
the transistor 15 is clamped off irrespective of the 
diode 17 characteristics. 
When the inductor 14 has discharged completely, 

current ?ow momentarily will cease through the trans 
former 16. This completes the charting cycle and re 
turns the circuit 10 to the initial condition for the next 
capacitor charging cycle, now initiated by the starting 
signal supplied via the resistor 19. Note that the diode 
28 polarity prevents ?ow therethrough of this turn-on 
signal. 
A capacitor 31 ?lters the supply voltage, and a Zener 

diode 32 protects the transistor 15 from damage by 
high voltage spikes which may occur in the circuit 10. 

Eventually the voltage across the capacitor 12 will 
become suf?cient to ?re the ?ash lamp 13. A circuit 
10a detects when this voltage level has been reached 
and provides a pulse on a line 35 to ignite the ?ash 
lamp 13. To this end, a voltage divider including three 
resistors 36, 37, 38 is connected across the capacitor 
12. As the capacitor 12 charges, the voltage developed 
across the resistors 37, 38 is used to charge a capacitor 
39 and another capacitor 40 is charged by the voltage 
across the resistor 38. 
When the voltage across the capacitor 12 reaches a 

lamp ?ashing level, the capacitor 40 will be charged 
sufficiently to actuate a trigger diode 41 and discharge 
via a resistor 42. The resultant current will trigger a sili 
con controlled recti?er (SCR) 43. As a result, the ca 
pacitor 39 rapidly will discharge through the SCR 43 
and the primary of an ignition transformer 44. The cur 
rent pulse induced in the transformer 44 secondary is 
supplied via the line 35 to ignite the ?ash lamp 13, 
which ?ashes as the capacitor 12 discharges. The next 
?ashing cycle then begins. 

If for some reason the lamp 13 should not ?ash, the 
charge on the capacitor 12 might continue to increase 
to the level of capacitor destruction. To prevent this, a 
protector circuit 10b inhibits charging operation when 
the voltage across that capacitor exceeds the level at 
which the lamp 13 is set to ?ash. 1 
The circuit 10b uses a voltage divider comprising two 

resistors 46, 47 connected across the capacitor 12. 
Should the charge on the capacitor 12 exceed the lamp 
firing level, the voltage at the junction of the resistors 
46, 47 will be sufficient to gate on an SCR 48 via a trig 
ger diode 49. Conduction of the SCR 48 effectively 
clamps the base of the transistor 20 to the negative sup 
ply terminal llb, thereby preventing turn-on of the 
transistor 20. This clamps off the transistor 15 inhibit? 
ing further energy storage by the inductor 14, thereby 
terminating the capacitor 12 charging operation. 

In the simpli?ed circuit of FIG. 2 the transformer sec 
ondary 16s is connected directly (or via a current limit 
ing resistor not shown) to the transistor 15 base. The 
transistor 20 is eliminated. The transistor 15 must be 
capable of switching the relatively high current to the 
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inductor 14 and have relatively high gain. In the FIG. 
1 embodiment, the control signals are effectively am 
pli?ed by the low power transistor 20, so that the tran 
sistor 15 need not exhibit high gain. 
The circuit of FIG. 1 exhibits high efficiency, typi 

cally on the order of 80 percent. Thus with a 12 volt 
battery supplying 24 watts (2 amperes) to the terminals 
11a, 11b, the capacitor 12 may be charged once per 
second to 19 watts. Using a ?ash lamp '13 rated at 19 
joules, the circuit 10 thus could ?ash the lamp once per 
second. With a 6 ampere-hour battery, such ?ashing 
could continue for three hours. 
‘By way of example only, the inductor vl4 may com 

prise a coil of nineteen turns, with a tap at sixteen turns, 
wound on a toroidal core of molybdenum alloy powder 
material. The secondary winding 14a may comprise a 
coil of about 235 turns wound on the same core. The 
transformer 16 may have a primary of 100 turns wound 
on a ferrite toroidal core also containing a secondary 
of about 50 turns. 
As an alternative to using the secondary winding 14a 

for coupling energy to the capacitor 12, the diode 17 
may be connected directly to the inductor 14. However 
with such arrangement, the transistor 15 should be ca 
pable of withstanding a voltage equal to that developed 
across the capacitor 12. Using the secondary winding 
140 as shown, the transistor 15 need only withstand a 
voltage equal to that across the capacitor 12 times the 
secondary l4a-to-inductor 14 turns ratio. 
Intending to claim all novel, useful and unobvious 

features shown or described, the applicant claims: 
1. A lamp ?ashing circuit powered by a dc supply and 

including a capacitor charged incrementally during 
successive charging cycles to a level sufficiently high to 
?ash said lamp, comprising: 
a semiconductor switching device, 
an inductor connected in series with said device 

across said supply, 
means for coupling energy stored in said inductor to 

said capacitor as the ?eld of said inductor col 
lapses, 

a control transformer having a primary connected in 
parallel with said inductor and a secondary opera 
tively connected to control said switching device, 

circuit means including said transformer secondary 
for regeneratively turning on said switching device 
at the beginning of each charging cycle to permit 
current flow to said inductor for energy storage 
therein, ' 

said control transformer saturating before saturation 
of said inductor, saturation of said transformer 
causing turn-off of said switch device to terminate 
said current ?ow to said inductor, the resultant col 
lapse of said inductive ?eld inducing a reverse po 
larity signal in said transformer secondary which 
maintains said switching device off until substan 
tially all energy stored in said inductor has been 
coupled to said capacitor. 

2. A lamp ?ashing circuit according to claim 1 
wherein said power switching device comprises a first 
transistor and where said circuit means comprises: 

a circuit connecting one terminal of said transformer 
secondary to the base of said ?rst transistor, 

a first diode connecting the other terminal of said 
transformer secondary to a terminal of said supply, 
and 
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a resistor connected between said transformer sec 
ondary other terminal and the other terminal, of 
said supply to provide, in conjunction with'th'e'out 
put of said transformcr,‘a signal regeneratively ini 
tiating turn-on of said first transistor. . y I 

3. A lamp flashing circuit according to claim 2 
wherein said circuit connecting comprises: 
a second transistor having a base connected to said 
transformer secondary one terminal and opera 
tively connected to turn on said ?rst transistor 
when said second ‘transistor is on. 

4. A lamp ?ashing circuit according to claim 3 
wherein one non-control element of said second tran 
sistor is connected to a tap on said inductor and 
wherein the other non-control element is resistor con 
nected to a terminal of said supply and to the base of 
said ?rst transistor. 

5. A lamp ?ashing circuit according to claim 1 
wherein said means for coupling comprises: 
a secondary winding inductively coupled to said in 

ductor, and 
unidirectional current flow'means connecting said 
secondary winding to said capacitor. 

6. A lamp ?ashing circuit according to claim 5 fur 
ther comprising: 

voltage divider means for sensing when the voltage 
across said capacitor is suf?cient to ?ash said lamp, 
and _ 

ignitor means cooperating with said voltage divider 
means for igniting said lamp when suf?cient capac 
itor voltage is sensed. 

7. A lamp ?ashing circuit according to claim 6 fur 
ther comprising: 
means for inhibiting the incremental charging of said 
capacitor should the voltage across said capacitor 
substantially exceed said suf?cient voltage. 

8. A circuit powered by a low voltage dc source for 
incrementally charging a capacitor during successive 
charging cycles to a high voltage, comprising: 
an inductor, ' 

a transistor connected in series with said inductor 
across said source to provide current from said 
source to said inductor when said transistor is on, 

a transformer having a primary connected across said 
inductor and a secondary, said transformer saturat 
ing prior to said inductor, 

circuit means connecting one tenninal of said trans 
former secondary to the control electrode of said 
transistor, 

bias supply means cooperating with current induced 
in said transistor secondary regeneratively to drive 
said transistor into conduction at the beginning of 
each charging cycle, conduction of said transistor 
causing current ?ow to said inductor with concom 
itant inductive energy storage therein, until satura 
tion of said transformer causes said transistor to 
turn off, thereby terminating current ?ow to said 
inductor, 

energy transfer means for transferring the stored en 
ergy from said inductor to said capacitor as the _ ’ 
magnetic ?eld in said inductor collapses subse 
quent to turn-off of said transistor, - - 

reverse current induced in said transformer second 
ary as said inductor field collapses maintaining said 
transistor off while substantially all of the energy 
stored in said inductor is transferred to said capaci 
tor. 
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9. A circuit according to claim 8 together with a 
winding inductively coupled to said inductor and a 
diode connecting said winding to said capacitor, col 
lapse of the magnetic ?eld in said inductor resulting in 
energy transfer via said winding and said diode to said 
capacitor. ' 

[0. A circuit according to claim 9 wherein the re 
verse current resultant as said inductor field collapses 
produces via said transformer a signal‘maintaining said 
transistor off, said circuit including a second diode op? 
eratively connected to permit flow of said signal. 

10 

11. A circuit according to claim 10 wherein said sec- ~ 
ond diode and the secondary of said transformer are 
connected in series between one terminal of said 
source and a transistor base, and wherein said bias sup 
ply means comprises a resistor connected from the‘ 
other terminal of said source to the junction of said sec 
ond diode and said transformer secondary, and wherein 
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8 
said transformer produces prior to saturation a signal 
enhancing conduction of the_transistor providing cur 
rent to said inductor. . 

12. A circuit according to claim 11 wherein said 
transformer secondary is connected tothe base of the 
transistor providing current to said inductor. 

13. A circuit according to claim.“ together with a 
second transistor connected to control conduction of 
said transistor providing current to said inductor, and 
wherein said transformer secondary is connected to the 
base of said second transistor. v 

14. A circuit according to claim 8 together with a 
?ash‘ lamp connected to be powered by the energy 
stored in said capacitor, and means for igniting said 
lamp when thevoltage across said capacitor reaches a 
value sufficient to ?ash said lamp. 

* *- * * * 


