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57 ABSTRACT 

A flyback transformer apparatus is provided in which 
a flyback transformer is provided with a first and sec 
ond secondary winding with one end of the first secon 
dary winding connected to at least one first rectifier 
and a second rectifier connected between one end of 
the second secondary winding and the other end of 
the first secondary winding, a capacitor is connected 
to the second secondary winding, and a primary wind 
ing of the flyback transformer is inductively coupled 
with the high-voltage side winding portion of the first 
secondary winding, whereby the output impedance is 
reduced and a focusing voltage which does not give 
rise to defocusing is provided. 

7 Claims, 10 Drawing Figures 
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1. 

FLYBACK TRANSFORMER APPARATUS 

The present invention relates to improvements in fly 
back transformer apparatus for television receivers. 
The flyback transformer apparatus according to the 

present invention will now be explained with reference 
to the accompanying drawings, in which: 
FIG. 1 is a circuit diagram of a prior art flyback trans 

former apparatus for television receivers; 
FIG. 2 is an equivalent circuit for the circuit of FIG. 

1 transferred to the primary side; 
FIG. 3 is a diagram showing examples of the focusing 

voltage curves in connection with the high voltage load 
current versus high D.C. voltage characteristic accord 
ing to the circuit of FIG.1; 
FIG. 4 is a circuit diagram of a flyback transformer 

apparatus useful for explaining a flyback transformer 
apparatus according to the present invention; 
FIG. 5 is an equivalent circuit of the circuit shown in 

FIG. 4; 
FIG. 6 is a waveform diagram useful for explaining 

the circuit of FIG. 4; 
FIG. 7 is a circuit diagram of the flyback transformer 

apparatus according to an embodiment of the present 
invention; 
FIG. 8 is a front sectional view showing a specific 

construction of the flyback transformer apparatus 
shown in FIG. 7; and - 
FIGS. 9 and 10 are characteristic diagrams useful for 

explaining the flyback transformer apparatus according 
to the present invention. 
Flyback transformer apparatus for television receiv 

ers are known in the art in which, as shown in FIG. 1 
of the accompanying drawings, a primary winding 1 of 
a flyback transformer is disposed near the low-voltage 
side winding portion of a secondary winding 2 and a 
suitably selected higher harmonic tuning is effected. 
And rectifiers 3 are connected to the secondary wind 
ing 2 to produce the required high D.C. voltage. In such 
apparatus, the output impedance tends to become as 
high as 3.5 to 4.0 megohms so that the high D.C. volt 
age is changed with the high voltage load current and 
hence the amplitude of the picture on the cathode ray 
tube is changed. Thus, a drawback of such apparatus is 
that in order to stabilize the high D.C. voltage and elim 
inate variations in the amplitude of the picture, a high 
voltage control reactor is required in transistorized 
color television receivers, while a high voltage stabiliz 
ing tube is essential in vacuum-tube color television re 
ceivers. 
On the other hand, in order to provide the required 

focusing voltage in a bipotential cathode ray tube, a 
high resistance resistor 8 is provided as shown in FIG. 
1 so that the high D.C. voltage is divided to provide the 
required moderately high D.C. voltage. However, the 
use of the high resistance resistor 8 is disadvantageous, 
since a high power, highly voltage insulating, high resis 
tance resistor must be used with resultant increase in 
the manufacturing cost and moreover the operation is 
not satisfactorily reliable. There is another drawback in 
that the moderately high D.C., voltage obtained is lim 
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2 
nying drawings, if, in FIG. 1, a variable resistor 9 is so 
adjusted that the optimum focusing is obtained when 
the high voltage load current of 1.0 mA is supplied, the 
resultant focusing voltage consists of a voltage repre 
sented by curve 11 in FIG.3 and consequently defocus 
ing will be caused when a high voltage load current 
lower than about 0.1 mA is supplied. Conversely, if the 
variable resistor 9 is adjusted so that the optimum fo 
cusing is achieved with the high voltage load current of 
0.1 mA, a focusing voltage is produced which is repre 
sented by curve 12 and consequently defocusing occurs 
when the picture has high brightness. In FIG. 3, curve 
10 represents the optimum focusing voltage curve for 
the high D.C. voltage of the curve 13 and numeral 14 
represents the allowable limits for the focusing voltage. 

Further, when a doubler or tripler circuit is employed 
to rectify the pulse produced in the flyback trans 
former, voltage is taken from a portion of the rectifiers 
in the voltage-multiplier rectifying circuit and the re 
quired focusing voltage is provided through a low resis 
tance resistor. A drawback of this type of apparatus is 
poor focus tracking. Further, while, in vacuum-tube 
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ited to one which has a fixed ratio to the high D.C. volt-, 
age and moreover the high impedance of the focusing 
circuit tends to cause defocusing even with a small 
amount of leakage current. In other words, when the 
high D.C. voltage is changed with the high voltage load 
current as shown by curve 13 in FIG.3 of the accompa 
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color television receivers, the required focusing voltage 
is produced from the primary winding of the flyback 
transformer, a drawback of this method is that the high 
D.C. voltage must be stabilized by means of a high volt 
age stabilizing tube to ensure an improved focus track 
ing. The use of a high voltage stabilizing tube gives rise 
to such problems as the generation of heat by the tube 
and the radiation of X rays and therefore the resultant 
apparatus is not satisfactory. 
FIG. 2 of the accompanying drawings is a simplified 

equivalent circuit of the circuit of FIG. 1 which has 
been transferred to the primary side. In FIG. 2, numeral 
4 designates the primary side inductance, 5 the primary 
side resonance capacitance, 6, 15 the leakage induc 
tance transferred to the primary side, 7, 16 the secon 
dary side resonance capacitances transferred to the pri 
mary side. 

It is an object of the present invention to provide a 
flyback transformer apparatus which eliminates the 
foregoing deficiencies. 

It is another object of the present invention to pro 
vide a flyback transformer apparatus which has a re 
duced output impedance, produces no defocusing and 
is capable of providing an improved focusing voltage. 

It is another object of the present invention to pro 
vide a flyback transformer apparatus which provides 
the required high D.C. voltage output with a reduced 
output impedance. 

It is another object of the present invention to pro 
vide a flyback transformer apparatus in which the dis 
tributed capacitance in the secondary winding is re 
duced and the third or higher harmonic tuning is sim 
plified. 

It is another object of the present invention to pro 
vide a D.C. superposition-type high voltage generator 
of the type in which the liquid insulation process is em 
ployed to simplify the insulation and wiring operations. 

It is another object of the present invention to pro 
vide a high voltage generator of the type which employs 
an insulating separator means integrally formed with 
the concentric bobbins for primary and secondary 
windings to ensure a highly reliable insulation. 

It is another object of the present invention to pro 
vide a flyback transformer which is capable of easily 
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providing the desired moderately high D.C. voltage and 
effecting the optimum harmonic tuning. 

It is another object of the present invention to pro 
vide a flyback transformer which is capable of easily 
effecting the optimum harmonic tuning to ensure the 
optimum focusing voltage characteristic for both bright 
and weak pictures. 

It is another object of the present invention to pro 
vide a flyback transformer in which the secondary 
winding is provided with a dummy load to prevent an 
abrupt change in the high voltage output when a small 
load current is supplied. 

In accordance with the present invention, there is 
provided a flyback transformer apparatus comprising a 
flyback transformer having a primary winding and a 
first and second secondary winding, at least one first 
rectifier connected to one end of the first secondary 
winding, a second rectifier connected between one end 
of the second secondary winding and the other end of 
the first secondary winding, and a capacitor connected 
to the second rectifier to store the voltage appearing 
thereacross, wherein the primary winding of the fly 
back transformer is inductively closely coupled with 
the high-tension side winding portion of the first secon 
dary winding. 
The preferred embodiment of this invention will be 

described with reference to the drawings. 
For the sake of explanation, reference is made to a 

flyback transformer apparatus shown in FIG. 4, 
wherein a primary winding 17 of a flyback transformer 
is disposed near the high-tension side winding portion 
of a secondary winding 18 so as to be inductively 
closely coupled therewith and a suitable harmonic tun 
ing is effected. In comparison with the conventional 
circuit shown in FIGS. 1 and 2, the line stray capaci 
tance (designated as 19 in FIG. 5) due to the primary 
winding 17 and the high-tension side winding of the 
secondary winding 18 is increased and at the same time 
it acts in parallel on an inductance 20 constituting a 
major portion of secondary side inductances 20 and 21 
transferred to the primary side. Consequently, if the 
high voltage load is taken from a point A in FIG. 5, the 
inductance is decreased as compared with that in the 
conventional circuit with a resultant decrease in the 
high output impedance. However, the increased line 
stray capacitance 19 results in an increased secondary 
side resonant energy so that the resonance in the pri 
mary which is practically determined by the primary 
inductance 22 and the primary resonance capacitance 
23 is influenced by the resonance in the secondary. 
Consequently, a pulse voltage waveform as shown in 
FIG. 6a is produced in the primary winding 17 with a 
more pronounced valley than in the pulse voltage 
waveform of FIG. 6b produced in the primary winding 
1 of FIG. 1 and at the same time the pulse width of the 
pulse voltage waveform produced in the primary wind 
ing 17 is increased due to the increased secondary reso 
nance capacitance. Thus, there is a drawback in that 
the high voltage required for large cathode ray tubes 
used, for example, in 20-inch color television receiver 
cannot be generated and therefore the apparatus does 
not lend itself for practical use, though it attains a low 
impedance characteristic. In FIG. 5, numeral 24 desig 
nates the secondary side resonance capacitance trans 
ferred to the primary side. 
The foregoing difficulty is overcome by the circuit 

construction of the present invention shown in FIG. 7 
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4 
of the accompanying drawings. In the circuit of FIG. 7, 
the flyback transformer is provided with two secondary 
windings 25 and 26, and first rectifiers. 27 are con 
nected to one end of the first secondary winding 25 and 
a second rectifier 28 is connected in the same sense as 
the first rectifiers 27 between the other end of the first 
secondary winding 25 and one end of the second secon 
dary winding 26. The other end of the secondary wind 
ing 26 is grounded. A junction point B of the rectifier 
28 and the secondary winding 25 is grounded by way 
of a capacitor 29. The point B is also grounded through 
a series circuit of a resistor 30, variable resistor 31 and 
resistor 32. The sliding terminal of the variable resistor 
31 is provided with an input terminal for the focusing 
electrode of a cathode ray tube. A primary winding 34 
of the flyback transformer is inductively closely cou 
pled with the high-tension side winding of the secon 
dary winding 25 rather than the low-tension side wind 
ing thereof. 
With the arrangement described above, the D.C. 

voltage produced by the rectifier 28 is superimposed on 
the D.C. voltage produced by the rectifiers 27, thereby 
providing the required high D.C. voltage for the cath 
ode ray tube of a 20-inch color television receiver, for 
example. This arrangement is advantageous over that 
of FIG. 1 in that the pulse voltage induced in the first 
secondary winding may be lower than the pulse voltage 
induced in the secondary winding of the circuit shown 
in FIG. 1 and thus this arrangement is superior from an 
insulation point of view and there is less tendency for 
the occurrence of corona. Furthermore, the first secon 
dary winding 25 is floated from the ground potentialso 
that pulse voltages which are opposite in polarity to 
each other are generated at the ends of the first secon 
dary winding 25. Consequently, a moderately high D.C. 
voltage including no pulse component is generated at 
the midpoint of the first secondary winding 25. The 
provision of the capacitor 29 also has the effect of shift 
ing the midpoint to the side of the point B. As a result, 
the pulse voltage applied to the first secondary winding 
25 is reduced with the result that the first secondary 
winding 25 is divided into two parts at the midpoint and 
thus the turn ratio between the primary and secondary 
windings is decreased, thereby reducing the distributed 
capacitance transferred to the primary side on the sec 
ondary side. Accordingly, it is possible to prevent an 
increase in the secondary side stray capacitance as in 
the arrangement of FIG. 4 and at the same time the cir 
cuit design for the third harmonic tuning or higher 
order harmonic tuning is simplified. 
However, in a D.C. superposition type apparatus em 

ploying a dry type flyback transformer with high volt 
age windings consisting of a fine wire which has a diam 
eter of the order of 0.1 mm, there is the danger of the 
high voltage winding breaking down or disconnection 
by electrolytic corrosion due to the moisture in the air 
and the moderately high D.C. voltage. However, this 
problem may be solved by employing a liquid insulation 
method which completely isolates the high voltage 
windings from the air and moisture. Further, the con 
nections of the moderately high voltage lead wires may 
be placed in an insulating oil to thereby simplify the in 
sulation treatment or the connecting operation. In ad 
dition, the immersion of the capacitor 29 in the insulat 
ing oil permits the use of lead wires having a lower line 
voltage proof as compared when the apparatus is used 
in the air and at the same time there is the effect of 



3,866,086 
S 

eliminating the mounting omission and erroneous use 
of different kind of wires during a repair work which 
may occur when the apparatus is mounted on the out 
side. Further, with the provision of the capacitor 29 in 
the flyback transformer in a television receiver employ 
ing a unipotential cathode ray tube, there is no need to 
use a terminal for moderately high voltage and hence 
the occurrence of a defect due to the breakdown of the 
terminal may be prevented. 
On the other hand, in the flyback transformer for a 

20-inch color television receiver, the proximity of the 
primary winding 34 and the first secondary winding 25 
causes the application of a pulse voltage having a peak 
to-peak value of about 30 kV. Therefore, if the appara 
tus is used in the air, an insulation gap of 20 to 30 mm 
is required thus making the flyback transformer bulky. 
In the illustrated embodiment of the present invention, 
however, the primary winding 34 is disposed close to 
the high-tension side winding portion of the first secon 
dary winding 25 to reduce the high voltage output im 
pedance and therefore the desired characteristics can 
not be achieved if a gaseous insulation method is used 
with an insulation gap of 20 to 30 mm. Accordingly, 
this insulation problem can be solved by the use of a 
liquid insulation method. 
FIG. 8 illustrates the flyback transformer apparatus 

of the invention hermetically housed in a sealed metal 
case filled with an insulating oil. In FIG. 8, numeral 35 
designates a sealed case, 36 a core, 37 a coil bobbin 
case mounted on the core 36, 38 an insulating oil filled 
in the sealed case 35, 39 a high voltage terminal, 40 a 
moderately high voltage terminal, 41 low voltage termi 
nais, 42 a bobbin on which the primary winding 34 is 
wound, 43 a bobbin having the first secondary winding 
25 wound thereon, 44 a bobbin having the second sec 
ondary winding 26 wound thereon, 45 an insulating 
separator formed integral with the coil bobbin case 37 
and disposed between the bobbins 42 and 43. 

If it is intended to provide the insulation with the sec 
ondary winding bobbin 43 alone, the presence of de 
fects such as welds or voids produced during the forma 
tion of the bobbin 43 may result in an insulation break 
down. For this reason, the insulating separator 45 is 
provided between the primary winding 34 and the first 
secondary winding 25 to provide a sufficiently high in 
sulation. Further, since the insulating separator 45 is 
integrally molded with the coil bobbin case 37, there is 
no increase in the number of assembly steps. 

It is also possible to produce a moderately high D.C. 
voltage from the point B in the circuit shown in FIG. 7 
and supply the required moderately high D.C. voltage 
to the bipotential cathode ray tube, thereby eliminating 
the need for the high resistance resistor 8 used in the 
apparatus of FIG. 1. Further, since the point B (neutral 
point) changes its position dependent upon the capaci 
tance of the capacitor 29, the moderately high D.C. 
voltage appearing at the point B can be changed to 
thereby provide the desired moderately high D.C. volt 
age. Furthermore, since the interelectrode capacitance 
of the rectifier 28 is sufficiently small, it is equivalent 
as if the capacitor 29 were connected in series with the 
first secondary winding 25. Accordingly, by changing 
the capacitance of the capacitor 29, the secondary res 
onance capacitance in the equivalent circuit can be 
varied and hence the resonance frequencies o and 8 
and the magnitude of the resonance O/P can be 
changed as shown in FIGS. 9 and 10 where P is the 
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6 
magnitude of the resonance energy corresponding to 
the resonance frequency or and Q is the magnitude of 
the resonance energy corresponding to the resonance 
frequency (3. Accordingly, the optimum harmonic tun 
ing can be ensured for the flyback transformer depend 
ing on the capacitance of the capacitor 29 and it is thus 
possible to easily design a flyback transformer which 
operates efficiently. Further, by changing the capaci 
tance of the capacitor 29 after the assembly of the fly 
back transformer, the higher harmonic resonance of 
the transformer can be adjusted and this is a very great 
advantage from the manufacturing point of view. 
On the other hand, the second secondary winding 26 

may be wound on the leg of the core 36 which is differ 
ent from that for the first secondary winding 25 as 
shown in FIG. 8, whereby the position of the second 
secondary winding 26 may be changed to change the 
higher harmonic tuning of the primary winding 34 and 
the second secondary winding 26. Thus, it is possible to 
vary the slope of the focusing voltage for the high volt 
age load current and therefore the moderately high 
D.C. voltage can be made to correspond to the ideal fo 
cusing voltage value curve 10 shown in FIG. 3. In this 
way, a flyback transformer can be produced which can 
provide the optimum focusing for both bright and weak 
pictures. 

Further, the load current versus high D.C. voltage 
characteristic of the cathode ray tube is such that a 
steep curve is produced when the load current is very 
small or zero. With the flyback pulse, this means that 
a narrow pulse is superposed on the top portion 
thereof. With such a pulse, the high voltage drops 
abruptly upon the flow of a small load current. In this 
case, if resistors 30, 31 and 32 are connected as a 
dummy load, current flows in the dummy load even 
under no load condition. Consequently, the high volt 
age is prevented from changing abruptly as mentioned 
earlier. 
What we claim is: 
1. A flyback transformer apparatus comprising: a fly 

back transformer having a primary winding, a first sec 
ondary winding and a second secondary winding; at 
least one first rectifier connected to one end of said 
first secondary winding; a second rectifier connected 
between one end of said second secondary winding and 
the other end of said first secondary winding; and a ca 
pacitor connected to said second rectifier in such a 
manner that said capacitor is charged up by a voltage 
produced across said second rectifier, wherein the en 
tire primary winding of said flyback transformer is in 
ductively closely coupled with the high-tension side 
winding portion of said first secondary winding. 

2. A flyback transformer apparatus according to 
claim 1, wherein said first rectifier is provided with a 
terminal from which a high D.C. voltage is taken, and 
said second rectifier is provided with a terminal from 
which a moderately high D.C. voltage is taken. 

3. A flyback transformer apparatus according to 
claim 1, wherein said primary winding and said first 
secondary winding are wound on one of two legs of a 
core, and said second secondary winding is wound on 
the other leg of said core. 

4. A flyback transformer apparatus according to 
claim 1, wherein said flyback transformer having said 
primary winding and said two secondary windings, said 
first and second rectifiers, and said capacitor are 
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housed in a hermetically sealed case, and an insulating 
oil is filled in said case. 

5. A flyback transformer apparatus according to 
claim 4, wherein said primary winding and said first 
secondary winding are wound respectively on two bob 
bins concentrically mounted on said core, and an insu 
lating separator is provided between said bobbins. 

6. A flyback transformer apparatus according to 
claim 1, further comprising a core having a first and 
second bobbin provided concentrically thereon, said 10 
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8 
primary winding wound on said first bobbin, said first 
secondary winding wound on said second bobbin, and 
said primary winding wound only on that portion of 
said first bobbin facing the high-tension winding por 
tion of said first secondary winding. 

7. A flyback transformer apparatus according to 
claim 1, wherein a dummy load is connected between 
the junction point of said second rectifier and said first 
secondary winding and the ground. 
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