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5 Claims. (Cl. 321-15) 

This invention relates to high D.C. voltage SOceS 
of the type utilizing a cascade voltage multiplying cir 
cuit including thermionic valves and, more particularly, 
to an improved high D.C. voltage source of this type in 
which both the relatively high thermionic valve operat 
ing potentials and the relatively low filament heating cir 
cuit potential are supplied from a single transformer 
without requiring special insulation of the filament heat 
ing circuits against the effects of the relatively high 
potential. 
As is well known to those skilled in the art, electro 

static coating operations, electrostatic elimination of 
foreign materials such as dust and tar from gases, the 
testing of insulators with direct current, and other similar 
applications require a D.C. potential source of such a 
nature that, from a low voltage input, there may be de 
rived a D.C. potential of up to 100 kV. As short circuits 
and breakdowns of equipment occur in service, a require 
ment of such sources is that they must be able to tolerate 
such conditions without damage. 

In presently known high D.C. potential sources of the 
mentioned type, a relatively low D.C. voltage has been 
derived from an A.C. voltage and has then been boosted 
to the desired high potential by suitable means such as, 
for example a voltage multiplier circuit, for example a 
Grein or cascade circuit. In such arrangements em 
ploying thermionic valves, such as thermionic rectifiers, 
the fact that the filament heating circuits require poten 
tials very much lower than the operating potentials of 
the valves has posed problems in supplying the filament 
heating current. Various expedients have been employed 
to solve these problems. One of these has been the use 
of separate generators mounted on a common drive shaft 
in insulated relation to each other. A simpler arrange 
ment has involved separately supplying the rectifier op 
erating potential from a transformer connected to a high 
frequency source. However, these expedients have 
rendered high D.C. potential sources unduly expensive 
and complex. 
An object of the present invention is to avoid the 

foregoing difficulties as well as to avoid the necessity for 
the use of two separate sources of input potential, as 
well as to avoid the use of dynamos, generators, or other 
moving machinery, mounted in insulated relation to each 
other on a common drive shaft. 

Accordingly, the present invention is directed to a high 
D.C. potential source utilizing an input transformer con 
nected to a source of A.C. potential and thermionic 
valves in a cascaded rectifying and voltage multiplying 
circuit, but characterized in that potentials derived solely 
from the transformer secondary windings may be used 
both for the operating potentials of the thermionic valves 
and for the cathode filament heating circuits. As stated, 
the operating potentials have a value of several times 
the potential required for the filament heating circuits. 
The invention circuit is characterized by the use of con 
densers to isolate the filament heating circuits from the 
D.C. potential, and also by the fact that it is not neces 
sary to provide special high voltage insulation for the 
windings of the filament heating transformers to protect 
them against the very high operating potentials of the 
thermionic valves. 
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More particularly, in accordance with the present in 

vention, the transformer has three secondary windings 
connected in series. The potentials of the two end wind 
ings are applied to the primary windings of respective 
cathode heating supply transformers. The connections 
are so arranged that, with respect to a pair of cathode 
heating circuit supply transformers connected to one end 
secondary winding, the primaries thereof have their cor 
responding terminals connected to each other through 
condensers arranged in parallel with each other. This 
arrangement is used for both end secondary windings, 
each of which supplies respective pairs of cathode heat 
ing circuit supply transformers. By utilizing an arrange 
ment of this type, the condensers, in addition to isolating 
the cathode heating circuits from direct current, operate, 
in pairs, for the function of multiplying the potentials 
of the thermionic rectifiers which are connected in cas 
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cade. 
In order to reduce the overall dimensions of the con 

densers, it is preferred that the main transformer be 
supplied from a high frequency source and, for this 
purpose, a transistor inverter circuit may be used to sup 
ply the high frequency A.C. input. 

For an understanding of the principles of the inven 
tion, reference is made to the following description of 
typical embodiments thereof as illustrated in the accom 
panying drawings. In the drawings: . . 

FIG. 1 is a schematic wiring and block diagram illus 
trating a known type of high D.C. potential source such 
as mentioned above; 

FIG. 2 is a schematic wiring diagram of a high D.C. 
potential source embodying the invention; 

FIG. 3 is a partial schematic wiring diagram of a 
modified form of the high D.C. potential source illus 
trated schematically in FIG. 2; and 
FIG. 4 is a schematic wiring diagram of a high fre 

quency output transistor inverter circuit connected to 
the primary winding of the main transformer of the high 
D.C. potential source embodying the invention. 

Referring to FIG. 1, a known form of high D.C. po 
tential source comprises a pair of thermionic rectifier 
valves or tubes 1 and 2 connected in cascade with each 
other. The cathode heating potentials for the tubes 1 
and 2 are derived from series type transformers 3 and 4. 
To supply the cathode heating transformers 3 and 

4, a high frequency A.C. source 6 is required in addition 
to the input power transformer 5. A special impedance 
element 7 by-passes the high frequency current relative 
to the high D.C. potential output derived across the ter 
minals 8. This known type of high D.C. potential source 
is rendered unduly expensive because of the additional 
special high frequency elements which must be provided 
to supply the filament heating potentials. . 
As compared to this known high D.C. potential source, 

the arrangement of the invention has outstanding ad 
vantages. Referring to FIG. 2, which illustrates an em 
bodiment of the invention, a voltage multiplier circuit, 
in the form of a cascade circuit, is supplied from a trans 
former 9 having a primary winding 10 connected, through 
terminals 11, to a suitable A.C. potential source. Trans 
former 9 has three secondary windings 12, 13 and 14, 
which are connected in series, with the two end wind 
ings 13 and 14 having, preferably, the same number 
of turns as the intermediate winding 12. One terminal 
15 of the series connected windings 12, 13 and 14 is 
connected to one high D.C. potential output terminal 16. 
The voltage multiplier cascade circuit includes capaci 

tors 17 through 23 and thermionic rectifier valves 24 
through 27. The cathodes of valves 24 and 26 are con 
nected to one terminal of an end winding 13, and the cir 
cuit connected across the terminals of this end winding 
includes capacitors 21 and 22 for blocking direct current. 
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The cathode heating currents for the valves 24 and 26 
are supplied by means of cathode heating transformers 
28 and 29. These transformers 28 and 29 have primary 
windings 30 and 31 which are connected, in parallel, 
across the secondary winding 13 of transformer 9, and 
have secondary windings 36 and 37, respectively, each 
connected in the cathode heating circuit of a valve 24, 
26. It will be noted that corresponding terminals of 
the primary windings 30 and 31 are connected to each 
other across the pair of parallel capacitors 21 and 22, 
respectively. 
The condensers 17 and 19 are connected in a con 

ductor 60a extending from the outer terminal of end 
winding 14, and the condensers 22 and 23 are connected 
by a conductor 60b extending from the outer terminal 
of end winding 13. The cathodes of valves 25 and 27 
are connected to conductor 60a, and it will be noted that 
the cathode of valve 25 is connected to the end terminal 
of secondary winding 14 through condenser 17, and that 
the cathode of valve 27 is connected to the cathode of 
valve 25 across a condenser 19, both for the purpose of 
blocking direct current, 
The cathode heating current for the valves 25 and 27 

is provided by cathode heating transformers 32 and 33 
each having a primary winding 34 or 35, respectively, 
and a secondary winding 38 or 39, respectively. The 
secondary windings are each connected in series in the 
respective cathode heating circuit. The primary windings 
34 and 35 are connected in parallel across the terminals 
of the secondary windings 14 of transformer 9. How 
ever, it will be apparent that primary winding 34 is con 
nected across secondary winding 14 through the medium 
of a pair of parallel capacitors 17 and 18, and correspond 
ing terminals of primary windings 34 and 35 are inter 
connected across a pair of parallel capacitors 19 and 20. 
It will be noted that the conductors 60a and 60b have 
impressed, between them, the full potential across the 
series connected secondary windings 12, 3 and 14, and 
thus this full potential is impressed across each of the 
diodes 24-27. 

Despite the fact that the capacitors 17 through 22 have 
the supply current for the transformers 28, 29, 32 and 33 
passing therethrough, it will be noted that these capaci 
tors are mutually connected in parallel in pairs, Such as 
17-18, 19-20, and 21-22, according to the normal flow 
of direct current. Thus, they further form the capacitors 
of the voltage multiplying cascade circuit, and function 
for the multiplication of the output voltage. 

In the embodiment of the invention shown in FIG. 3, 
the design of the circuit differs from that shown in FIG. 
2 only in the provision of a separate cathode heating 
winding 40 constituting a secondary winding of the 
transformer 9, the winding 40 supplying the cathode 
heating current for the valve 24. In this arrangement, 
the hot cathode of the valve 24 is at the same potential 
as one terminal of the secondary winding 13 of trans 
former 9, and in the normal flow of D.C. potential. 
The hot cathodes of the other thermionic valves, 25, 
26 and 27, are heated in the same manner as shown and 
described in connection with FIG. 2. 

Since the cathode heating transformers 28, 29, 32 and 
33 have potentials supplied thereto across capacitors 21, 
22, and 17, 18, 19 and 20, which serve to by-pass the 
D.C. voltage components, and as the impedances of the 
capacitors are inversely proportional to the frequency 
of the A.C. supply, it is desirable to use a source of 
high frequency A.C. potential to supply the primary wind 
ing 10 of the main transformer 9. As illustrated in FIG. 
4, primary winding 10 of transformer 9 may be supplied 
from terminals 4, connected to a D.C. potential source, 
through a known type of transistorized inverter circuit 
capable of providing a high frequency A.C. output po 
tential. 

For this purpose, transformer 9 is provided with addi 
tional secondary windings 46, 47 and 48, 49 which also 
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4. 
serve, in a known manner, for supplying operating po 
tentials to the transistors 42 through 45 of the inverter 
circuit. This means for supplying a high frequency A.C. 
input potential has the further advantage that the cur 
rent through primary winding 0 of transformer 9 can 
be limited by means of current limiting resistances 50, 
52, 53, 51, respectively in the base circuits of transistors 
42, 43, 44 and 45. Thereby, the current through the 
primary winding 10 of transformer 9 can be limited to a 
predetermined value so that damage to the high D.C. 
potential source can be prevented even in the event of 
extended short circuits of the high potential output ter 
minals 16. 

Starting resistances 54 and 55 provide for the initiation 
of current flow through transistor 43, primary winding 
10, and transistor 45, when a D.C. potential is impressed 
across the input terminals 41. Diodes 56 and 57 prevent 
shunting of the base circuit of transistor 43 by the cur 
rent limiting resistance 52 and the secondary winding 48, 
and prevent shunting of the base circuit of transistor 45 
by the current limiting resistance 51 and the secondary 
winding 47, as might otherwise occur upon starting of the 
circuit by connection of the terminals 45 to a source of 
D.C. potential. 
While specific embodiments of the invention have been 

shown and described in detail to illustrate the application 
of the principles of the invention, it will be understood 
that the invention may be embodied otherwise without 
departing from such principles. 
What is claimed is: 
1. A high D.C. potential source comprising, in com 

bination, a single input power supply comprising a trans 
former having a primary winding, arranged for connec 
tion to a source of A.C. potential, and three secondary 
windings connected in series with each other; a rectifying 
and voltage multiplying circuit including hot cathode 
thermionic diodes; a heating circuit for the hot cathode 
of each diode, each heating circuit including a cathode 
heating transformer having a secondary winding in cir 
cuit with the respective cathode and a primary winding 
connected across only a respective end winding of said 
series connected secondary windings; capacitor means 
effective to isolate each cathode heating circuit from the 

50 

flow of direct current; and means applying the potential 
developed between the end terminals of said series con 
nected secondary windings across each of said diodes; 
said single input power supply being the sole input supply 
for both the operating potentials of the thermionic diodes 
and the heating circuit for the hot cathodes. 

2. A high D.C. potential source comprising, in com 
bination, a single input power supply comprising a trans 
former having a primary winding, arranged for connection 
to a source of A.C. potential, and three secondary wind 
ings connected in series with each other; a rectifying and 
voltage multiplying circuit including capacitors and hot 
cathode thermionic diodes; a heating circuit for the hot 
cathode of each diode, each heating circuit including a 

w cathode heating transformer having a secondary winding 
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in circuit with the respective cathode and a primary wind 
ing connected across only a respective end winding of said 
series connected Secondary windings; capacitor means, 
including pairs of parallel connected capacitors of said 
rectifying and voltage doubling circuit, effective to 
isolate each cathode heating circuit from the flow of 
direct current; and means applying the potential developed 
between the end terminals of said series connected sec 
ondary windings across each of said diodes; said single 
input power supply being the sole input supply for both 
the operating potentials of the thermionic diodes and the 
heating circuit for the hot cathodes. 

3. A high D.C. potential source comprising, in com 
bination, a single input power supply comprising a trans 
former having a primary winding and three secondary 
windings, the secondary windings being connected in series 
with each other; a source of high frequency A.C. po 
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tential connected to said primary winding; a rectifying and 
voltage multiplying circuit including hot cathode therm 
ionic diodes; a heating circuit for the hot cathode of each 
diode, each heating circuit including a cathode heating 
transformer having a secondary winding in circuit with 
the respective cathode and a primary winding connected 
across only a respective end winding of said series con 
nected secondary windings; capacitor means effective to 
isolate each cathode heating circuit from the flow of di 
rect current; and means applying the potential developed 
between the end terminals of said series connected Sec 
ondary windings across each of said diodes; said single 
input power supply being the sole input supply for both 
the operating potentials of the thermionic diodes and 
the heating circuit for the hot cathodes. . 

4. A high D.C. potential source, comprising, in com 
bination, a single input power supply comprising a trans 
former having a primary winding, arranged for connec 
tion to a source of A.C. potential, and three secondary 
windings connected in series with each other; a rectifying 
and voltage multiplying circuit including capacitors and 
hot cathode thermionic diodes connected in cascade; a 
plurality of cathode heating transformers each having a 
secondary winding in a heating circuit for the hot cathode 
of a respective thermionic diode, said cathode heating 
transformers being arranged in two groups and the primary 
windings of the cathode heating transformers of each 
group being connected in parallel with each other across 
a respective end winding of said series connected Sec 
ondary windings; the primary windings of each group 
having corresponding terminals interconnected to each 
other through a respective pair of said capacitors, with 
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6 
the capacitors of each pair being connected in parallel 
with each other; said pairs of parallel connected capacitors 
inhibiting the flow of direct current in the cathode heating 
circuits while functioning as voltage multipliers in said 
cascaded voltage multiplying circuit; and means applying 
the potential developed between the end terminals of said 
series connected secondary windings across each of said 
diodes; said single input power supply being the sole 
input supply for both the operating potentials of the 
thermionic diodes and the heating circuit for the hot 
cathodes. 

5. A high D.C. potential source, as claimed in claim 
4, including a high frequency A.C. potential source con 
nected to the input of said first-mentioned primary wind 
Ilg. - 

References Cited by the Examiner 
UNITED STATES PATENTS 

2,499,484 3/1950 Friend -------------- 321-15 
2,568,485 9/1951 Cage --------------- 321-15 
2,820,940 1/1958 Boley --------------- 321-15. 
2,967,989 1/1961 Eno et al. ------------ 321-2 
3,027,486 3/1962 McCleland et al. ----- 321-15 
3,063,000 11/1962 McCleland et al. ----- 321-15 
JOHN F. COUCH, Primary Examiner. 
LLOYD McCOLLUM, MILTON O. HIRSHFIELD, 

Examiners. 

G. J. BUDOCK, J. C. SQUILLARO, W. H. BEHA, 
Assistant Examiners, 


