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Claims priority, application Netherlands January 5, 1956
9 Claims. (Cl 313—76)

This invention relates to deflection coil systems for
cathode-ray tubes having a ferromagnetic annular core
the cross-section of which is embraced by the coils for the
slow or vertical deflection, all the layers of these coils
being wound in the same helical direction. Such a coil
system is known from U.S. Patent 2,239,865. As will be
described more fully hereinafter, this particular manner
of winding prevents the formation of resonant circuits by
each pair of successive winding layers together with the
capacitance between the adjacent wires, which circuits
are excited by the sawtooth line defleciion field and give
rise to spurious oscillations causing very undesirable dis-
tortions of the frame deflecting field, particularly if the
coils are of the high-impedance type.

In the known arrangement, the axial cross-section of
each of the frame deflection coils is at least approximately
rectangular, that is to say, all the layers of the torcidal
coil comprise the same number of turns. It is an object
.of the present invention to provide a deflection coil sys-
tem containing frame or vertical deflection coils of a
different shape, which is suitable for wide-angle deflec-
tion, the said advantage of freedom from spurious oscilla-
tions being retained. According to the invention, this
is ensured in that the layers are wound with decreasing
overall width in an axial direction so that a cross-section
through half the coil exhibits a generally trapezoidal
shape, with each layer being divided in at least two parts
which succeed one another in the direction of winding.
Further, each layer starts at a point situated within the
axial boundary of the cutermost winding layer and, after
a part which begins at this point has been wound and
the winding wire is returned, a preceding part is wound
up to the said point.

In order that the invention may be readily carried out,
some embodiments thereof will now be described by
way of example with reference to the accompanying
drawing, in which:

Fig. 1 shows a deflecting system of a known kind,

Figs. 2 and 3 illustrate diagrammatically two known
manners of winding which may be used in the system
shown in Fig. 1,

Fig. 4 illustrates the operation of another coil system,

Figs. 5 and 6 illustrate diagrammatically two embodi-
ments of the invention, while

Fig. 7 shows still a further embodiment of the inven-
tion, and

Fig. 8 is an axial cross-sectional view of one half of
a coil system of the invention mounted in operating posi-
tion.

The known deflection coil system shown in Fig. 1 com-
prises two coils 1 for the frame deflection (vertical de-
flection) and two coils 3 for the line deflections (hori-
zontal), the coils being wound as toroids on an annular,
in the present case square, soft-ferromagnetic core 5 so
that the windings embrace the sectional are of the core
(so-called toroidal windings). The core 5 surrounds the
neck of a cathode ray tube 7 in the usual manner. The
line deflection coils 3 periodically produce a sawtooth
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magnetic deflecting field in the tube which is indicated
in Fig. 1 by a number of lines of {orce 9.

Fig. 1 shows that the field 9 traverses the coils 1 and
can induce pulse-shaped voltages in these coils. These
voltages are in opposition in the two halves of each of the
coils 1 situated on both sides of the vertical median or
center symmetry line 11 and compensate each other to
a certain extent. Fig. 2 is a vertical axial cross-sectional
view of part of the upper half of one of the coils 1 and
shows the instantaneous distribution of the induced pulse
voltages over the turns of the first two layers of the coil
by means of figures placed above or below the turns indi-
cating, on an arbitrary scale, the pulse voltage on each
winding at the spot where the winding is intersected.
For example, the numeral 1 placed above or below a turn
of the coil indicates that there is induced therein due to
flux from the horizontal coil system a voltage having an
arbitrary magnitude of 1 and a certain polarity. The
numeral 4, for example, indicates a voltage induced in
the turn with a magnitude four times that represented by
the numeral 1 and of the same polarity. The numeral
~-3, for example, denotes an induced voltage three times
greater than that represented by the numeral 1 but of
the opposite polarity. The starting turn of each layer is
labelled 0, and the symmetry and winding sense deter-
mines the other numerals. The horizontal dash-dot line
represents the center line of the coil and the bottom
half is identical to the top half shown. As will be
seen from Figure 2, at the ends of the layers no volt-
age difference is produced between two opposed turns
of succeeding layers; however, due to the opposite wind-
ing sense, midway between the ends (nmear the sym-
metry line 11) the potential difference of the sharp
pulse peaks induced by the oppositely directed fields
9 can be considerable. For example, at the sym-
metry line 11, the voltage difference has a magnitude of
ten. These pulses give rise to spurious oscillations in
the two coil halves—which are parallel connected for
these oscillations—on both sides of the line 11, the fre-
quency of these oscillations being determined by the self-
inductances of the coil halves and the capacitances
(shown by broken lines) between the turns between
which a potential difference is produced. These spurious
oscillations give rise to very inconvenient irregularities in
the form of the image lines.

These irregularities can be avoided in coils of rectan-
gular ‘cross-section, as described in the aforementioned
Patent 2,239,865, by winding all the layers in the same
helical direction, for example as a right-handed helix, the
end of each layer being connected by a wire which may
pass between the layers to the beginning of the next sub-
sequent layer, as is shown in Fig. 3. In this arrangement,
all the turns situated above each other are at the same
potential, indicated by the same numerals, so that no
spurious oscillations are produced.

Deflection coils of rectangular axial cross-section are
found to produce a field which is not entirely uniform
and this is a serious disadvantage particularly in the
case of deflection through a large angle (for example
90°). 1In order to improve the uniformity use is made
of saddle coils of substantially trapezoidal cross-section.
In order to emsure this improved uniformity in toroidal
coils, according to the invention these coils can be wound
with decreasing axial width of the layers, as is shown in
Fig. 4.

However from Fig. 4 it will be seen that in this event
there are again produced potential differences between
turns arranged directly above one another so that spuri-
ous oscillations occur in coils wound in this manner. Ac-
cording to a further feature of the invention, these spuri-
ous oscillations can be avoided by means of the winding
shown in Fig. 5. In this winding, each layer is wound
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in two parts which succeed one another in the direction
of winding—in the example shown from lefi to right—
(in Fig. 5 these parts are separated by a broken line 13},
starting from a point (near the broken lice 13) of the
layer to be wound which is situated within the axial
boundary (the broken line 13) of thie outerinost winding
layer and, after the part starting from this poiiit has been
wound and the winding wire has begn retirned, winding
the precsding part up to the said point. )

As 1s shown in Fig. 5, in this arrangement, the potential
difference between turns laying above omne anciher are
avoided. It will also be evident from these figures that,
if the winding starts outside the boundary of the outer-
most layer, for example two turns further to the left, the
undesirable condition described with reference te Fig. 4
occurs with respect to the first two layers.

The line dividing the two parts of the winding and the
starting point preferably are situated midway between
the ends of the layer, that is to say on the line 1% as
shown in Fig. 6, since the winding process can thus be
simplified. In the embodiment shown diagrammatically
in Fig. 7, the part first wound of each layer (with the ex-
ception of the two uppermost layers) is followed in the
direction of winding and is preceded in the oppgsite di-
rection by parts which are wound only after a part of
the following and/or preceding layer has been provided.
Thus, for example, the eight turns of the second layer
which are wound first (starting from the broken line 13)
are followed in the second layer by two turns which are
wound after the provision of a part of the third layer
and are preceded by two turns (immediately to the left of
the broken line 13) wound after the provisicn of a few
turns of the first layer and also by two turns wound after
the provision of a part of the third layer (and of the
first layer). Here also, the starting poiat les within the
axial boundary of the outermost layer i.e., at a turn lying
underneath the outermost layer, and all the turns situ-
ated directly above one another are at the same voltage.
Moreover, as will be noted, the symmetry relative to the
center line 11 is maintained, in that the interconnected
turns of the same layer of the preceding and subsequent
wound portions are located the same distance from the
symmetry line 11.

Fig. 8 shows a practical embodiment of a deflecting
system in accordance with the inventionn. The ferromag-
netic core 15 is circular and the (uppermost) frame de-
flector. toroidal coil 17 is wound on a correspondingly
curved insulating coil former 19, the line deflector coil
21 being designed as a saddle coil. The coil 17 may
comprise 10 layers having in all 2500 turns. Since the
layers are shorter on the inside of the annular core 15
than on the outside, the turns are not arranged as uni-
formly as is shown in Fig. 5, so that, for example, at some
points on the outside the turns of a layer aré interposed
between the turns of the next subsequent layer. How-
ever, it has been found in practice that the desired effect
is fully achieved.

What is claimed is:

1. A deflection coil system comprising a magnetic core,
and a toroidal winding comprised of a plurality of layers
of turns on said core, said toroidal winding having a gen-
erally trapezoidal-shaped half cross-section, the winding
stariing point of the inner layers being at a turn lying
underneath the outermost layer and said layers being
wound in the same direction such that adjacent turns in
adjacent layers are substantially at the same induced po-
tential when the system is excited.

2. A deflection coil system comprising a magnetic core,
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and a toroidal winding comprised of a plurality of layers
of turns on said core, said toroidal winding having a gen-
erally trapezoidal-shaped half cross-section, the inner said
layers commencing at a point intermediate their ends and
all the layers being wound in the same direction, whereby
substantially no induced potential difference exists be-
tween adjacent turns in adjacent layers when the system is
excited.

3. A coil system as claimed in claim 2 wherein the
starting point of the inner layers is at a turn lying under-
neath the outermost layer.

4. A deflection coil system comprising an annular mag-
netic core, and a toroidal winding comprised of a plu-
rality of layers of turns on said core, said toroidal wind-
ing having a generally trapezoidal-shaped half cross-sec-
tion, the inner said layers commencing at a turn inter-
mediate their ends lying underneath the outermost layer
and all the layers being wound in the same direction, so
that the initial part of the inner layers is wound after a
terminal part, and elongated conductor means intercon-
necting the initial and terminal parts of the thus-wound
inner layers, whereby substantialy no induced potential
difference exists between adjacent turns in adjacent layers
when the winding system is excited.

5. A deflection coil system as set forth in claim 4
wherein the starting point of each layer is closer to the
end of the layer than the beginning.

6. A defiection coil system for producing the frame
scan in a cathode-ray tube comprising a magnetic core,
and a toroidal winding comprised of a plurality of layers
of turns on said core, said toroidal winding having a gen-
erally trapezoidal-shaped half cross-section, each of said
layers being wound in the same direction and the inner
layers comprising adjacent, discontinuous, wound portions
with the wound portion at the end remote from the wind-
ing starting point being wound before the preceding layer
portion is wound, whereby substantially no induced po-
tential difference exists between adjacent turns in adjacent
layers when the system is excited.

7. A deflection coil system as set forth in claim 6
wherein some of the inner layers are divided into three
wound portions comprising center, preceding and sub-
sequent portions and wound in that order,

8. A deflection coil system as set forth in claim 6
wherein each layer commences at its center.

9. A deflection coil system comprising a magnetic core,
and a toroidal winding comprised of a plurality of layers
of turns on said core, said toroidal winding having a
generally trapezoidal-shaped half cross-section and each
of said layers being wound in the same direction, and
plural conductor means interconnecting the adjacent in-
ner layers, each of said inner layers commencing as a
winding at a turn located underneath the outermost layer.
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