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This invention relates generally to transformers and, 
more particularly, to a transformer which will deliver a 
high voltage pulse to effect the starting of discharge lamps. 

In starting of discharge lamps, particularly compact 
xenon arc lamp types, a high voltage pulse is required to 
ionize the gas. It is an object of this invention to provide 
a pulse transformer suitable for the above-mentioned 
lamp. Another object of this invention is to provide 
such a transformer which is economical to manufacture 
and of limited power dissipation. It is a further object 
of this invention to provide an improved transformer 
which is of compact design and of lighter weight than 
conventional constructions. 
To maintain the transformer of a reasonable size in the 

lamp starting circuit, the duration of the high energy pulse 
must be short. Still another object of this invention is to 
provide an improved transformer having a capacitor in 
corporated into the winding which is utilized to provide 
the high energy pulse initially, the design being such that 
the capacitor does not create serious losses when the 
transformer is operated continually in the lamp circuit .at 
lower voltage. 

Brie?y, in one form of the invention, the transformer is 
constructed with windings of a plurality of conducting 
sheets separated by insulation with the outer ends of the 
sheets being separated to permit insertion of a capacitive 
layer insulated from and diffused between the separated 
turns. The result is a transformer having an integral 
capacitor. Electrical connections from opposite layers 
or plates of the capacitor may be placed in close proximity 
to each other to form -a spark gap. 

Further objects and advantages of the invention will 
appear from the following speci?cation. 

FIG. 1 shows the basic circuit for a transformer con 
st-ructed in accordance with this invention; 
FIG. 2 shows an equivalent magnetic circuit; 
FIG. 3 is a cross sectional view of the transformer taken 

along the line 3—3 of FIG. 4; and 
FIG. 4 is a top plan view of the transformer. 
In FIG. 1, a general electrical circuit is shown sche 

matically including a pulse transformer 10 shown in dot~ 
ted outline and which is made in accordance with the in 
vention. It is connected-to :a high voltage source 11 by 
conductors 12 and 13 and to a capacitive load 14 and by 
pass capacitor 40 by conductors 15 and 16. The pulse 
transformer includes an autotransformer winding 17, a 
storage capacitor 18, and a spark gap 19. The capacitor 
13 is connected to source 11 across conductors 12 and 
13. The spark gap 19 is connected to conductor 12 and 
to tap 20 of the coil winding 17 of transformer 10. 
The capacitive load 14, as shown by way of example, is 

a xenon arc lamp comprising an envelope 21 ?lled with 
Xenon gas having a thoriated cathode 22 and anode 23. 
One form of commercial lamp of this type will operate on 
100 amps at 20 volts DC. but requires a high voltage pulse 
to ionize the gas and form a conductive path between the 
electrodes for starting. The pulse required is of the order 
of 30—50 kilovolts when applied to capacitive load of the 
order of 30 picofarads. After the lamp has started, the 
pulse transformer must be able to carry continuous D.C. 
current on the order of 100 amperes, supplied by low volt 
age source 41. 
The equivalent circuit is shown in FIG. 2, wherein 24 is 

the capacitance of the transformer, 25 the primary mag 
netizing inductance, and 26 the total effective capacitance 

10 

15 

20 

25 

30 

40 

45 

60 

65 

70 

3,223,923 
Patented Dec. 14, 1965 C6 

2 
of the output referred to the primary. The total leakage 
reactance referred to the primary is shown at 27 and the 
primary circuit inductance external to the transformer at 
28. Switch 29 represents the spark gap 19. 
To obtain maximum transfer of energy from the trans 

former capacitance to the output capacitance 26, it is nec 
essary that transformer capacitance 24 be at least equal to 
output capacitance 26. It is further necessary that the 
primary magnetizing inductance be large by a factor of 
about 10 with respect to the leakage reactance 2'7. Sim 
ilarly, it is necessary that the primary circuit inductance 
external to the transformer 28 be smaller by a factor of 
about 10 than the leakage reactance 27. 

In order to minimize the inductance external to the 
transformer the capacitor 18 is made an integral part of 
the transformer winding. While separate capacitors may 
be obtained which would satisfy the inductance require 
ments of the circuit, such capacitors would be large and 
expensive. In accordance with the invention the induc~ 
tance external to the transformer can be reduced substan 
tially to the spark gap by using the construction shown in 
FIG. 3. 
As shown in FIG. 3, the pulse transformer includes a 

core 30 of magnetic material; the main conductor 31 in the 
form of ?at sheets is wound spiral fashion about the core 
30. Insulation 32 in sheet form is provided between the 
turns of the conductor and is wound with the conductor. 
The outer sheets of conductor 31 are separated into two 
sections 31a and 31b. Between the separated sections of 
conductor, conducting capacitor foil 33 is Wound inte 
grally into the transformer. The capacitor foil 33 is sep 
arated from the split main conductor by sheet insulation 
34. The outer ends of the separated conductor sections 
31a and 31b are pressed together to form an electrical 
connection, as shown at 316. This way the outer end of 
capacitor foil 33 is protected and sealed Within the trans 
former construction. 

Conductive tabs 35 and 36 are connected to the outer 
end of the conductor winding 31 and to the inner end of 
capacitor layer 33, respectively (FIG. 3). Another tab 
37 is connected to the inner end of conductor 31 and 
serves as an output connector. All of these tabs are 
brought from the interior of the transformer outwardly 
between the layers of sheet insulation 32 and 34. Mounted 
on the outer ends of tabs 35 and 36 in close proximity to 
the edge of insulation 34 is the spark gap 19. The spark 
gap 19 includes cars 38 and 39 formed integrally with tabs 
35 and 36 and spaced from each other a distance such as 
to provide the proper breakdown voltage. 

In one form of the invention, the core 30 may be a 
one~inch diameter iron powder rod which is wound with 
ten turns of conductor 31. The conductor 31 is composed 
of fourteen layers of .003 inch copper foil which has, 
therefore, an area su?icient to carry at least 150 amperes 
D.C. continuously. The outer two turns of the main con 
ductor are separated into seven layers each and inserted 
therebetween is the capacitive foil of one layer of 3 mil 
copper foil. The insulation between turns of conductor 
31, and between the separated conductor layer 31a, 31b 
and the capacitive layer 33 is provided by several layers 
(approximately four) of 5 mil Te?on ?lm. As shown 
in FIG. 4, the Te?on ?lm overlaps the edges of the con 
ductive foil to prevent any short circuiting. 

Thus, as discussed with reference to FIG. 2, the pri— 
mary circuit inductance external to the transformer is 
small in comparison with the total leakage reactance re 
ferrred to the primary. A small iron core is used, pro 
viding a primary magnetizing inductance restricted to 
the range from .5 to 5 microhenries. The leakage in 
ductance is approximately .05 microhenry and by making 
the capacitor integral with the transformer the primary 
circuit inductance is less than .01 microhenry. 
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A suitable electric current source 11 being provided 
and conections being made as vin FIG. 3, capacitor 18 
is slowly charged towards 15 kv. until the spark gap arcs 
.over. The spark gap is set to discharge at approximately 
10 kv.,at whichtimev the energy from capacitor 18 is dis 
charged into the primary of the autotransformer 17. The 
outer two separated turns 31a and 31b of the copper foil 
constitute the primary turns of the transformer out of the 
ten turns wound on the core 30. The turns ratio being 
thus properly regulated to give a 5-to-1 step-up ratio, the 
output of the transformer 17 is approximately 50 kv. 
peak amplitude to strike the arc in the lamp. Should 
the lamp fail to light, a‘ similar voltage will again be 
built up on the capacitor 18 and the spark gap arcing 
over will pulse the lamp repeatedly until the lamp starts. 
The lamp is suitably ballasted vduring normal operation 
from the low voltage source 41. 
By constructing the transformer of layers of sheet metal 

material, such as copper, and insulating the layers with 
sheet insulating material, it is possible to construct a 
wound transformer of low cost and having a compact 
design. In such a construction it is possible to incorpo 
rate the capacitor directly intov the transformer by sepa 
rating layers of the sheet metal conductors over any 
chosen length and use them with an auxiliary sheet as the 
plates of a capacitor which thus forms part of the trans 
former winding. ' 

While the invention'has been disclosed by way of a 
speci?c embodiment, it will be understood that it may 
be widely modi?ed within the spirit and scope of the 
appended claims. 
What I claim as new and desire to secure by Letters 

Patent of the United States is: 
1. A transformer comprising a core, a conductive wind 

ing of sheet material having inner and outer ends and 
having spaced turns separated by insulation, said sheet 
material branching into separated portions at its outer 
end, a conducting layer having inner and outer ends and 
lying between and insulated from said separated portions 
of said sheet material, a ?rst conductor connected to the 
inner end of said sheet material and leading to the ex 
terior of the transformer, a second conductor connected 
to the outer end of said sheet material and leading to 
the exterior of the transformer, and a third conductor 
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connected to the inner end. of said conducting layer and 
leading to the exterior of the transformer, said second 
and third conductors being arranged with their exterior 
ends in close proximity to each other to form a spark 
gaP- ' 

2. A transformer comprising a core, a spiral winding of 
conductive foil having an outer end with separated por 
tions, insulating means between the spaced turns of said 
winding, a conducting layer insulated from and lying 
between said separated outer end ‘portions of said winding, 
a conductor leading from the outer end of the winding 
and a conductor from the inner end of said conducting 
layer and conductive ears provided- between said conduc 
tors to form a spark gap. _ 

3. A transformer comprising a core and an electrical 
winding placed in inductive relation thereto, a conduc 
tive layer placed in capacitive relation to the electrical 
winding and a spark gap electrically connecting the 
capacitive layer and the transformer winding. 

4. In a combined transformer and capacitor construc 
tion, a core, a conductor in the form of thin layers of 
sheet material and having inner and outer ends, insulation 
in the form of thin layers of sheet material, said conduc 
tors and said insulation being assembled together and 
wound around said core to provide a spiral winding ex 
tending outwardly from said core with the conductor 
windings being insulated from each other, said conductor 
layers being separated from each other adjacent the outer 
end of said conductor, a capacitive layer of conducting 
material located between said separated conductor layers, 
insulating material on each side of and between said 
capacitive layers and the adjacent conductor layers, ‘and 
means forming electrical connections to the opposite 
ends of the wound conductor and with-the capacitive 
layer including a spark gap between the electrical con 
nections to the capacitive layer and the outer end of the 
wound conductor. 
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