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6 Claims. 

This invention relates to apparatus for the 
supply of high voltage uni-directional current 
from a relatively low voltage alternating current 
source and has for its object to provide improved 
apparatus of this character. 
The invention is more particularly applicable 

to cathode ray tube equipment of the kind em 
ployed in television receiving sets for the pro 
vision of the high uni-directional voltage (here 
inafter referred to as the E. H. T. voltage) re 
quired for the cathode ray tube. 

Television receiving sets and the like appara 
tus usually comprise in addition to a cathode 
ray tube, thermionic valves the anode circuits 
of which are arranged to be supplied with the 
necessary uni-directional voltage (hereinafter re 
ferred to as H. T. voltages) from a centre-tapped 
transformer and recti?er system of well known 
type and in certain particularly advantageous 
forms of the invention the E. H. T. voltage is 
derived directly from the centre-tapped trans 
former Winding providing the H. T. voltages 
thereby avoiding the necessity of providing sepa 
rate and relatively costly high tension trans 
former or other apparatus for this purpose. 
According to the invention the apparatus for 

the supply of a high voltage uni-directional cur— 
rent from a relatively low voltage centre-tapped 
alternating current source comprises a voltage 
multiplier system of the kind comprising a chain - 
of series connected recti?ers the points of con 
nection between which are connected through 
one or more condensers to the outer terminals 
of the alternating current source, the connections 
being made in turn ?rst to one outer terminal " 
and then to the other, alternately, the end of 
the chain further from the source of supply being 
connected through an auxiliary recti?er to one 
terminal of the uni-directional high voltage sup 
ply, which terminal is connected through a con 
denser to the mid-point of the alternating cur 
rent source, the other end of the chain being 
uni-directional high voltage terminal, which is 
maintained at the same alternating current po 
tential as the mid-point of the alternating cur 
rent source. In this manner the full voltage at 
the charging or energising terminals is utilised 
for voltage multiplication without superimposing 
an alternating voltage of the fundamental fre 
quency of the source on the uni-directional volt 
age derived from the multiplier system. 
In a preferred form of the invention as ap 

plied to television sets or the like of the kind 
indicated comprising a centre-tapped trans 
former and recti?er system for providing the 
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H. T. voltage, one of the E. H. T. terminals is 
connected to the centre tap of the transformer 
while the other E. H. T. terminal is connected 
through a recti?er to the condenser and recti?er 
at the end of the multiplier system remote from 
the transformer, this terminal being also con 
nected through a condenser to the centre tap 
of the transformer. 
The invention will now be described with refer 

ence to the accompanying drawings Figures 1 
and 2 of which are diagrammatic views of known 
centre-tapped transformer and recti?er systems 
for the supply of unidirectional H. T. voltage 
from an alternating current source the system 
of Figure 1 utilising a pair of oppositely con 
nected metal recti?ers and the system of Fig 
ure 2 a two anode thermionic valve. Figures 3 
to 6 inclusive are similar diagrams illustrating 
various applications of the invention to the sys 
tems of Figure 1 or 2'. 

Figures 7 and 8 are diagrams similar to Fig 
ures 3 to 6 inclusive but illustrating more gen 
eral forms of the invention not embodying the 
H. T. system diagrammatically shown in Figures 
1 and 2. 
Referring now ?rst to Figures 1 and 2, two 

Well known connection systems for obtaining 
H. T. voltage for the anode circuits of thermionic 
valves are illustrated comprising a transformer 
T the primary winding l of which is connected 
to an alternating current supply circuit of a 
usual relatively low voltage e. g. 230 volts, the 
secondary winding 2 of the transformer T being 
designed to have a high terminal voltage e. g. 
700 volts. The transformer winding 2 is provided 
with a centre tap 3 connected to earth at 4 and 
constituting one of the H. T. voltage terminals. 
In the system of Figure 1, the outer terminals 

5, B of the transformer winding 2 are connected 
to the terminals 1, 8 of a pair of dry contact 
r-ecti?ers 9, I0 oppositely connected in series with 
one another. The point ll of series connection 
of the recti?ers 9, I0 is connected to a terminal 
[2 constituting one of the H. T. terminals of 

'- the system, the other H. T. terminal l3 being 
connected to the centre tap 3 of the transformer 
winding 2 and is earthed as indicated at H. 
The terminals l2 and I3 are cross-connected by 
a suitable condenser IS, the anode of the ther 
mionic valves (not shown) being connected to 
the H. T. terminal 12 in any usual manner. 
In the alternative system of Figure 2, the pair 

of recti?ers 9, H] are replaced by a thermionic 
rectifying valve I 6 having two anodes I1, l8 
connected to the outer terminals 5, 6 respectively 
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of the transformer winding 2, while the cathode 
I9 of the valve i6 is connected to the H. T. ter 
minal I2. 

Figures 1 and '2 are two typical examples of well 
known transformers and recti?er systems for en 
abling the required H. T. voltage for a. cathode 
ray tube equipment or the like to be derived 
from a commercial alternating vcurrent supply 
circuit. 

Referring now to Figure 3 the invention is il 
lustrated as applied to the system shown in Figure 
l and comprises a voltage multiplier system indi 
cated as a whole at 20 consisting of a number of 
recti?ers 2|, 22, 23 (preferably as shown dia 
grammatically of the dry contact type) connect 
ed in series so as to provide a continuous low 
resistance circuit for one direction of current 
flow together with condensers 24, 25, 26, 21 con 
nected so as to be charged in series from charg 
ing terminals 28, 29 connected to the outer ter 
minals 5, 6 of the transformer winding 2. r V V 
The point 30‘ in the multiplier’ system is con 

nected through a half-voltage recti?er section 
or stage 3| to the centre tap 3 of the transfer 
winding 2 while the point 32 at the other end of 
the multiplier system is connected through a half 
voltage recti?er section or stage 33 to one E. H. T. 
terminal 34, the other E. H. T’. terminal being 
constituted by the terminal l3 common to both 
the H. T. voltage and the E. H. T. voltage. The 
center tap 3 of the transformer is connected to 
ground at I4 and to E. H. T. terminal 34 through 
a condenser 35 which is earthed at 36. 
In operation the multiplier system 23 functions 

in the well-known manner to develop a uni-direc 
tional voltage between the points 3|] and 32 of 
the system due to the charges stored in the con 
densers. Between the point 33 and the centre 
tap 3 of the transformer winding 2 an alternat— 
ing current voltage exists equal to that between 
the centre tap 3 and the outer terminal 6 of the 
Winding 2. Similarly between the point 32 and 
the centre tap 3 of the transformer winding 2 
an alternating current voltage exists equal to 
that between the centre tap- 3 and the outer 
terminal 5 of the transformer Winding 2. 
By connecting points 33 and 32 to the centre 

tap 3 in a suitable manner through recti?ers 3| 
and 33, the above mentioned voltages are added 
to the E. H. T. voltage produced between those ; 
points by the multiplier, the two recti?ers 3| 
and 33 preventing the injection of an alternating 
current ripple into that voltage. As recti?ers 
3| and 33 have to withstand only half the trans 
former voltage they may be smaller units than i 
those employed in the multiplier circuit itself 
and are accordingly herein termed half-voltage 
recti?ers. 
Referring now to Figure 4 a system'similar to 

that of Figure 3 is shown as applied to an H. T. 
system of the kind illustrated in Figure 2, the 
anodes ll, 18 of a thermionic valve l6 being con 
nected to the charging terminals 28, 29 respec 
tively of the multiplier system 20 while the oath 
ode IQ of the valve I6 is connected to the H. T. 
voltage terminal l2. 

Referring now to Figure 5 the condensers 24, 
25, 26, 21 of the voltage multiplier system 23 
are shown as arranged to be charged in parallel 
with one another from the charging terminals 
28, 29 instead of in series as in the system of 
the preceding ?gures, but in other respects the 
system of Figure 5 operates in the same manner 
as the system of Figure 3. 
Figure 6 illustrates a modi?cation of the system 
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of Figure 3 in which the point 30 is connected 
through the recti?er section 3| to the point I | of 
series connection of the recti?ers 9 and I0 so that 
the voltage developed across the E. H. T. voltage 
terminals l3 and 34 is the sum of the H. T. 
voltage across the terminals l3 and |2 and the 
voltage developed by the multiplier system 20. 
The E. H. T. voltage at the terminal 34 is thus 
increased by the amount of the voltage at the 
H. T. voltage terminal l2. 

It will be understood that in the system of 
Figures 3, 5 and 6 a thermionic valve may be sub 
stituted for the recti?ers 9, H) as in the system 
of Figure 4. 
Furthermore the voltage multiplier system 23 

employed in any of the systems may be of the 
series-connected condenser type shown in Fig 
ures 3, 4 and 6 or of the parallel-connected con 
denser type shown in Figure 5. 

It will also be understood that the recti?er 3| in 
the systems of Figures 3, 4 and 5 may be con 
nected to the H. T. voltageterzninal 12 as in the 
systems of Figure 6 if desired. ' . 

It will be seen that the forms of the inven 
tion above described enables the ‘required E. H. T. 
voltage to be obtained in a particularly simple 
and ei?cient manner without interfering withthe 
standard H. T. voltagecentre-tapped transformer 
and recti?er system. Furthermore no special 
transformer or transformer winding, 'pulsegen 
erator or oscillator system is required for ob 
taining the E. H. T. voltage as has hitherto‘ been 
usual, with a corresponding saving in cost and 
complexity. _ I 

Referring now to Figures '7 and 8 the invention 
is illustrated as applied in a more general form to 

‘ systems in which an existing centre tapped trans 
former and recti?er system is not available. 
In Figure 7 the charging terminals 28, 29 of 

the voltage multiplier system 20 are connected'to 
the outer terminals 5, 5 of the secondary winding 
2 of a transformer T the primary winding. 1- of 
which is conected to an alternating current source 
of supply. The winding 2 is provided with a centre 
tap 3 which is connected to one of the E. H. T. 
terminals 39, the centre tap 3 being also con 
nected through a half voltage recti?er section 3| 
to the point 33 in the voltage'multiplier system 
20. The latter comprises condensers and recti?er 
connected in a similar manner to that of. the pre 
ceding ?gures the outermost point 32 of the 
multiplier system 20 being connected to theyother 
E. H. T. terminal through a half-voltage recti?er 
section 33. The terminal 43 is connected. to earth 
at 36 through a. condenser. 35 the E. H. T. ter 
minal 39 being also connected to earth at H. 

In the system of Figure 8, the terminals 5; 5 of 
the secondary winding 2 of the transformer T are 
connected to the input terminals 4 |, 42 of a bridge 
recti?er system R the Output terminals 43, 44 of 
which are connected to the terminals 45, 4B. The 
terminal 45 constitutes the common H. T. and 
E. H. T. terminal, the terminal 46 constituting 
a terminal from which a voltage may be derived 
corresponding to the recti?ed uni-directional 
voltage of the transformer winding 2. 
The other E. H. T. terminal 40 is connected to 

the voltage multiplier system in the same man 
ner as in the previous ?gures, being connected to 
earth through a suitable condenser 35.‘ 
In Figure 8, certain of the recti?ers of the. 

voltage multiplier system 23 are shown as sub 
divided into sections 41a, 47b, and 43a, 48b the 
points 48, 53 of series connection of these SEC-r‘ 
tions being connected to intermediate E. H. T. 
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terminals SI, 52 from which corresponding uni 
directional voltages may be derived. 
The condensers of the voltage multiplier sys 

tem shown in Figures 7 and 8 may if desired be 
arranged to be charged in parallel with one an 
other by utilising connections similar to those of 
the voltage multiplier of Figure 5. 
In either of the systems above described with 

reference to Figures 7 and 8 or the modi?cations 
thereof above indicated the charging terminals of 
the voltage multiplier system may be connected 
through one or more blocking condensers to the 
alternating current supply circuit directly in 
stead of through a transformer, the neutral or 
earthed point of this circuit constituting the nega 
tive uni-directional current terminal. 

It will be understood that by reversing the con 
nections of the recti?ers of the voltage multi 
plier system in any of the arrangements above de 
scribed the polarity of the E. H. T. and H. T. ter 
minals will be transposed. 

It will be seen from the above description that 
the invention enables the full transformer or 
supply circuit voltage to be utilised for charging 
the ‘voltage multiplier systems the charging ter 
minals of which are however at a voltage to earth 
which is only one half of this full transformer or 
supply circuit voltage. 
The invention is evidently not limited to the 

particular circuit connections above described and 
illustrated by way of example. 
Having thus described our invention, what we 

claim is: 
1. An apparatus for the supply of high voltage 

uni-directional current comprising in combina 
tion a relatively low voltage alternating current 
source, a transformer having a primary winding 
connected to said source, and a secondary wind 
ing having a center tap, a voltage multiplier sys“ 
tem including condensers, recti?ers connected 
in cascade and energised from said secondary 
winding, a ?rst uni-directional current terminal 
connected to said center tap of said secondary 
Winding, a recti?er connecting said ?rst uni 
directional current terminal to one of the ener 
gising terminals of said multiplier systems, a sec 
ond uni-directional current terminal, a recti?er 
connecting said second uni-directional current 
terminal to the end of said multiplier system 
remote from said transformer, and a connection , 
including at least one condenser between said 
uni-directional current terminals. 

2. An apparatus for the supply of high voltage 
unidirectional current comprising in combina 
tion a relatively low voltage alternating current 
source, a transformer having a primary winding 
connected to said source and a secondary winding 
having a center tap, a full wave recti?er having 
the input terminals connected to said secondary 
winding, two uni-directional voltage terminals 
connected respectively to said center tap in said 
transformer secondary winding and to an output 
terminal of said full-wave recti?er, a voltage 
multiplier system including condensers and recti 
?ers connected in cascade and having its ener~ f; 
gising terminals connected to said transformer 
secondary winding, a connection including a 
recti?er between one of said energising terminals 
and one of said uni-directional voltage terminals, 
a third uni-directional voltage terminal, a recti 
?er connecting said third uni-directional voltage 
terminal to the end of said voltage multiplier 
system remote from said transformer, and at 
least one condenser connecting said third uni 
directional voltage terminal to said center tap. 
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3. An apparatus for the supply of high voltage 

uni-directional current comprising in combina 
tion, a relatively low voltage alternating current 
source; a transformer having a primary winding 
adapted to be connected to said source and a 
secondary winding having a center tap; a voltage 
multiplier including a plurality of recti?ers and 
condensers connected so as to form a plurality 
of stages, each of said stages comprising a pair 
of said recti?ers of said voltage multiplier con 
nected with like polarity in series across one of 
said condensers of said voltage multiplier, succes 
sive stages being connected with the condensers 
thereof in series and with the recti?ers of one 
of said stages being connected with like polarity 
in series with the recti?ers of the succeeding 
stage, the middle point of the pair of said recti 
?ers of one of said stages being connected to the 
middle point of the pair of said recti?ers of the 
succeeding stage through one of said condensers; 
a ?rst condenser connected between one end of 
said secondary winding and one side of the ?rst 
recti?er of the ?rst of said stages; a second con 
denser connected between the other end of said 
secondary winding and the other side of said ?rst 
recti?er; a ?rst uni-directional high voltage ter 
minal connected to the center tap of said second 
ary winding; a recti?er connected with like po 
larity in series with said ?rst recti?er between 
same and said ?rst terminal; a second uni-direc 
tional high voltage terminal; a recti?er connected 
with like polarity in series between the last recti 
?er of the last stage of said voltage multiplier and 
said second terminal; and a condenser connected 
between said second terminal and center tap of 
said secondary winding. 

4-. An apparatus for the supply of high voltage 
uni-directional current comprising in combina 
tion, a relatively low voltage alternating current 
source; a transformer having a secondary wind 
ing having a center tap; a full wave recti?er con 
nected across said secondary winding; 2. direct 
current output terminal forming part of said full 
wave recti?er; a condenser connected between 
said output terminal and said center tap of said 
secondary winding; a voltage multiplier system 
including a plurality of half-wave recti?ers con 
nected in series including a ?rst recti?er, and a 
plurality of condensers connected one across each 
two successive ones of said recti?ers; condensers 
connecting said ?rst recti?er, respectively, to the 
ends of said secondary winding; a half-wave 
recti?er connected in series between said ?rst 
recti?er and said center tap; a high voltage uni 
directional terminal; a half-Wave recti?er in 
series with and connecting said plurality of half 
wave recti?ers to said high voltage terminal and 
a condenser connected between said high voltage 
terminal and said center tap. 

5. An apparatus for the supply of high voltage 
uni-directional current comprising in combina 
tion, a winding of an alternating current trans 
former; a plurality of recti?ers connected in 
series; condensers connecting, respectively, the 
two ends of each of said recti?ers to the two ends 
of said transformer winding; a center tap in said 
transformer winding: a recti?er connected be 
tween said center tap and the ?rst of said plu 
rality or“ recti?ers and in series therewith; a high 
uni-directional current voltage terminal; a recti 
?er connected in series with said plurality of 
recti?ers between the last one of said plurality 
and said terminal; and a condenser connected 
between said terminal and said center tap. 

6. An apparatus for the supply of high voltage 
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urn-directional current, comprising in combina- REFERENCES CITED 
tion- a relatively low voltage alternating current The following’ references are of record .in the 
source. having a center, tap; a. voltagemultiplieg me of this patent: 
system including a plurality of condensers an 
recti?ers connected in cascade and adapted to be 5 UNITED STATES PATENTS 
energized from said source; a ?rst output termi- Number Name Date 
nal connected to said center tap of said source; ' 1,666,473 Slepian __________ __ Apr. 17, 1928 
a second output terminal connected to the end of 2,213,199 Bouwers et a1 ______ __ Sept. 3, 1940 
said multiplier system remote from said source; 2,271,181 Brunn ____________ -_ Jan. 27, 1942 
a recti?er connected between said center tap and 10 2,499,484 Friend _-___-_-__-__ Mar. '7, 1950 
the end of said multiplier adjacent said source; FOREIGN PATENTS 
a recti?er interposed between said secondoutput _ 
terminal and said remOte end of said multiplier Number Country Date 
system; and a condenser connected between said 3655345 Great Britain ----- -- Jan- 23, 1932 
second output terminal and said center tap of 15 
said source. 
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