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PERMANENT MAGNET NIT WITH INTEGRAL ASTIGMATI M CORRECT

This invention relates to the field of focusing electron beams in cathode
ray tubes, and in particular, o G permanent magnet focus unit for. '6 cathode
ray tube having an astigmatism corrector assembled integrally therewith.

A typical cathode Ecy tube 2 shown in FIGURE 1 has an electron gun 4 for
generating on electron beorﬁ 6 which  strikes a screen 8 of the ccfhéde ray
tube. The electron beam is deflected for generating a raster by a deflection
yoke 10. The electron beam is focused by a focus coil or ossembty_lz which
generates a magnetic focus field 16, shown in FIGURE 2. |

The magnetic field 16 can be produced by an annular wqund coil, @
toroidal permanent magnet, an grray of permanent magnets, or a combination
thereof, which alone or together generate a coaxial magnetic field. The |
magnetic field acts as a lens for the electron beam. This lens tends to have the
same aberrafions as would a lens for light rays, for example astigmatism.

It is possible 1o correct asfigmatism of the eleciron beam by Th.e way of
additional coils which are generally denoted astigmatism correctors. The
necessary magnetic field is generally produced by four windings coupled fo
have alternately North and South magnetic poles. It is poS§ibIe to correct
horizontal or -verﬁc.ol beam astigmatism by changing the current direction in the
winding. Diogonal coils can be used in o similar fashion to correct the diagonal
astigmatism. Axial and diogonal cstigmcﬁsm correction are illustraied in FIGURES
3 and 4 respectfully . The currents in the windings exert forces (F). The correctors
are designed as quadripolar lenses for effecting axial and diagonal astigmatic
corrections, as shown in FIGURES 5 and 6 respectively.

Generadlly, the astigmatism corrector is designed os a winding in a separate
unit or assembly positioned at the outlet of the electron gun, as shown in FIGURE

1. This arrangement entails several disadvantages. Firstly, the sensitivity is generally

- low because of the small beam diameter at the outiet of the electron gun.

Secondly, this technology is generally used to correct the electron gun
astigmatism. When such a corrector is combined with a magnetic focus coll, the
osﬁgmqﬁsm correction Is not easy to obtain because of the beam rotation
imparted by the focus coll. Thirdly, the cost of such a solution can be significant

due fo the need for designing and manufacturing a separate unit or assembily.
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In accordance with an inventive arrangement, it has + been determined

2

" that it is possible to integrafe a focusing unit and an astigmatism corrector into

the same assembly, when the focusing unit ufilizes d plurality of separate
magnets disposed in an annular array. An annuiar form or holder positions a |
plurality of separate magnets in an annular array. A small coil is wound around
each magnet for magnetizing the magnets in o uniform fashion prior to use. The
magnets are cylindrical in form, and each has o longitudinal axis substanfially
parailel with the central axis of the focusing unit. An chiliary winding for
generofing a part of the magnetic focusing field is d‘gs'posed radiolly inwardly of
the array of permanent magnets. Flat annular flanges of a material having @
high mcgn_eﬁc permeobiliiy cover the ends of the magnets on each side. The
dse of separate magnets disposed in an array provides. an opportunity fo
bosh‘ion windings for correcting astigmatic aberrations directly on the form or
holder of the focusing unit, as part of an integral assembly.

In one embodiment, windings for correcting astigmatic aberrations. in the
form of helical coils having radially aligned axes, can be placed in the form or
holder, one between each of the permcnehf magnets. In another embodiment,
windings for correcting astigmatic aberrations, in the form of flaftened coils. can
be mounted in slots in an inwardly facing surface of the form or holder, at
positions which are 'rodiclly beiween the arroy of permanent magnets and the
auxiliary winding, ond which ot the same time. are angulorly between the
circumferential positions of the permanent magnets. In either case, eight such

windings can be divided info two groups of four windings each, with the

~windings of each group alfernating in position. The windings of each group are

coupled o generate a magnetic field, orthogonal fo the electron beom.
Together, the windings form a double quadripole iens able fo correct the axial
ond diogonal c:shgmc’nsm _

The inventive arrangement has a number of advaniages. The integrated
astigmatism csg_sembly has better sensitivity becouse the comrector is placed at
the point of maximum beam diameter. The problem of beom rotation affecting
the astigmatism correction is eliminated. The focusing unit can be ecsily adjusted

by applying a sinusoidal signal to the astigmatism doils..The cost of manufacture
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is reduced because a separate astigmatism corrector unit need not be

3

'designed of built. The quadripolar coils of conventional astigmatism correctors

have fo be wound on ferrite cores to increase the sensitivity and to permit high
frequency dynamic signals. Due to the low coupling with metal parts and the
befter sensiﬁvify,' it is possible t© use windings without a core. This"résults in a very
good behavior at  high frequencies.

FIGURE 1 is a diogram of a conventional cathode ray tube and ;rhe various
coils and windings mounted thereon.

FIGURE 2 is o diagrom uéeful for explaining how aon  elecfron beam is
affected by a focusing unit. | _

FIGURE 3 is a diagram usefut for exploining axial astigmatic correction.

FIGURE 4 is a diagram useful for explaining diagonal astigmatic correction.

FIGURE 5 is a diogram illustrating a field for correcting axial astigmatic
aberrations. '

FIGURE 6 is.c diagram illustrdﬁng a field for correcting diagonal astigmatic
aberrations.

FIGURE 7 is an exploded view, in perspective, of c. focusing unit having an
array of permanent magnets.

FIGURE 8 is a perspective view, partially broken away, of an integrated
focusing unit and astigmatism corrector according 1o a first embodiment.

FIGURE 9 is a perspective view of an integrated focusing unit and
astigmatism corrector according 10 a  second embodiment.

FIGURE 10 is a diogrom illusirating the manner in which a group of
astigmatism corrective windings can be coupled for generating a quadripole
field.

FIGURE 11 is a circuit schematic for an amplifier  useful for driving each of

the groups of coupled corrective windings.

A focusing unit utilizing @ plurc!ih/ of separate magnets is explained in
connection with the focusing unit 30 shown in FIGURE 7. An annuilar form or

holder 32 holds a plurality of séporcfe magnets 34 in an annular array. A small

-coil 36 is wound helically around each magnet for magnetizing the magnets in

a uniform fashion prior to use. The magnets are cylindrical in form, and each has
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o longitudinal axis substantially poronél with the central longitudinal axis 42 of

the focusing unit 30. The geometry of the annular unit further defines o plurality

of radii 44, two of which are illustrated. These provide a basis for defining
relatively inward and outward radial positions, inwardly being in the direction of
the céntrc:l axis 42. These directional conventions are used In connection with
FIGURES 8 and 9 as well.. In this regard, an auxiliary winding 38 for generafing a
part of the magnetic focusing field is disposed radially inwardly of the array of
permanent magnets 34. Flat annular flanges 40 of c- material having a high
magnetic permeability cover the ends of the magnets on' eqach side. The use of
separate magnets disposed in an array provides an opportunity to position
windings for correcting csﬁgmoﬁc aberrations directly on the form or holder of
the focusing unit, as part of an integral assembly. Two embodiments of such an
integral focusing unit or assembly are shown in FIGURES 8 and 9 respectively.
Focusing unit 50 shown in FIGURE 8 has a geometry defining a ceniral
longitudinal axis 42 and a plurality of radii 44. Unit 50 comprises an annular form
or holder 52 hoiding a plurality of permanent magnets 54 in an annular array.
Magnetizing windings for the magnets are omifted. Eight magnefs 54 are
provided, in order to provide eight positions befween-the magnets for rec:-eiving
eight astigmatism correcting windings. Each winding is in the form of a helical
coil 58 disposed in a bore 60. The helical coils and bores have longitudinal axes
which are substantially radially aligned. The positions between the magnets
are alternately labelled HC1 and HC2. A helical  ¢oil 58 is positioned beneath
(in the sense of the FIGURE) each label. The four helical coils in the HC positions

are coupled together 10 generate a first quadripole field. The four helical coils in

 the HCZ positions are coupled together to generate a second quadripole field.

The two sets of helical coils are rotationally offset from one another by 90°, and
accordingly. the two quadrpole magnetic fields will be rotationally offset from
one another b&f @0°. Both axial ond diagonal astigmatic aberrations con
therefore be corrected. The form 52 has an inwardly facing surface 56, which in
this embbdiment is unbfoken. An guxiliary winding corresponding to auxiliary

winding 38 shown in FIGURE 7 and fianges corresponding to flanges 40 shown in
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FIGURE 7 are also omitted for purposes of clarity.
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Focusing unit 70 shown in FIGURE @ has a geometry defining a central

longitudinal axis 42 and a plurality of radii 44. Unit 70 comprises an annular form

or holder 72 holding a plurality of permanent magnets 74 in an annular array.
Magnetizing windings for the magnets are omitted. Eight magnets 74 are
provided, in order to provi‘de eight positions angularly spaced between the
magnets for receiving eight esfigmctish correcting windings. Each winding is in
the form of a fiattened coil 78. The form 72 has an inwardly facing surface 76,
which unlike the corresponding surface 56 shown in FIGURE 8, has a plurality of
longitudinal siots 80 formed therein. Radii 44 through adjacent magnets 74
define intermediate sectors 82. Each flaftened coil 78 lies in one of the
intermediate sectors 88. The positions between the mcgne’rs in these sectors are
alternately labelled Q1 anhd Q2. Each sector is spaced apart by an interval
cormresponding fo the circumferential position of each magnet 74. The four
fiattened coils in the Q1 positions cfe coupled together to generate ¢ first
quadripole field. The four flattened coils in the Q2 positions are coupled together
o geﬁercfe a second quadripole field. The two sets of flattened coils are

rotationally offset from one ancther by 20°, and accordingly, the two quadripole

.magnetic fields will be rotationally offset from one chother by 90°. Both axial and '

diagonal astigmatic aberrations can therefore be corrected. An auxiliary winding
corresponding to auxiliary winding 38 shown in FIGURE 7 and flanges
corresponding to flanges 40 shown in FIGURE 7 are also omitted for purposes of
clarity. The embodiment of FIGURE @ is believed o provide sensitivity than the
embodiment of FIGURE 8. _

The Q@1 set of flattened coils 78 as coupled for generating @ quadripole
field are shown in FIGURE 10. Each flattened coil comprisés several loops. The
direction of current ﬂow alternates from one coil to the next, generoﬂng
ol'rernc:n‘lng North (N) and South (8) poles. The @2 set of fiottened coils is coupled
in a similar fashion. The helical coils of the HC1 and HC2 sefs of windings in the
embodiment shown in FIGURE 8 are also respectively coupled in a similar fashion |
o generate alternating North South fields.

The same current amplifier can be used for generoﬁng the current for

driving each of the sets of coils (HC1, HC2; @1, Q2). A &urrent ampiifier 90 is
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shown in FIGURE 11(q) coupléd to an axial correction coil 92 and a current
6mpliﬁer 90 coupled fo a diagonal correction coil 94 is shown in FIGURE 11(b).
Amplifier 90 is both a static and dynamic current amplifier. The static current
input corrects the natural beam astigmatism and the dynamic current input
corrects the astigmatism at the edges of the screen. Axial and diagonal
astigmatism can be cqrrected by currents according to the following formulas,
respectively:

IAXIAL = K' (X2 - ¥2)

IDIAGONAL = K (X Y).

Appropriate waveforms for the dynamic component of the current input for

axial and diagonal correction respectfully are also fllustrated in FIGURES 11(a)

and 11(b).
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1. An apparatus, comprising:
. an annular form adapted for mounting on a cathode ray tube;

permanent magnetic means disposed on said form and generoﬂhg Q first
field for focusing an electron beam in said cathode ray tube:

an annular winding disposed on said form for generating a second field for
focusing said electron beom; and,

a plurality of windings disposed on said form in an  gnnular array and
coupled for generating a third field for correcting astigmatic abertrations fn said

.

electron beam.

2. The apparatus of claim 1, wherein scid pluralify of windings are

positioned and coupled for generatfing a quadripole field.

3. The apparatus of claim 1, wherein -said plurqlity of windings are coupled

for generating said third field and o fourth field for correcting different astigmatic

* aberrations.

4. The apparafus of claim 1,' wherein said windings are positioned and
coupled for generating said third field as a first quadripole field and generating

a fourth field as a second quadripole field.

5. The apparatus of claim 1, wherein said plurality of windings generating
said third field are radially positioned between said permanent magnetic means

and said annular winding.

_6. The appaoaratus of claim 1, wherein said annular form comprises 6n
inwardly facing surface having a plurclity of siots formed therein for receiving

said plurality of windings generating said third fieid.
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7. The apparatus of claim 1, wherein a first group of sosd plurality of

8

wundmgs are coupled for generoﬂng said third field for correcting a first fype of
said astigmatic aberrations and-a second group of said plurality of windings are
coupled for generating a fourth field for correcting a second type of said
asfigmatic aberrations; and, said annular form comprises an inwardly facing
surface having a plurality of slots formed therein for receiving both said groups

of said plurality of windings in an clternating pattern.

8. The apparatus of claim 1, wherein said annular form has a plurality of
substantially radially aligned bores disposed at spaced intervals for receiving

respective ones of said plurality of windings generating said third field.

9. The apparatus of claim 1, wherein each of said  plurality of windings
generating said third field is a  substantially helical coil having a substantially

radially aligned longitudinal axis.

10. The apparatus of claim 1, wherein each of said  plurality of windings
generating said third field is a substantially helical coil having a substantially
radially aligned longitudinal axis and said form has a plurality of bores at

spaced infervals for receiving respective ones of said helical coils.

11. The apparatus of claim 1, wherein said form has two sets of bores
disposed alternately in annular arrays, each o_f said bores of one of said sefs
having disposed therein one of said windings generating said third field and
each of said bores of the other one of said sets having a permanent magnet

disposed therein.

12. The apparatus of claim 1, wherein said form has  iwo sefs of ‘bores'
disposed alternately in annular arrays,  each of said bores of 'one of sqid sets
having disposed therein one of said windings generating said third field and

each of sald bores of the other one of said setfs having a permanent magnet

\\Il\lll \\\I\\ |||\\ \\l\l \\ \Il\
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disposed therein said bores of said respective sets having mutually perpendicular

9

" longitudinal axes.

13. A focusing unit for a cathode ray fube, comprising:
5 a plurglity of permanent magnets, each having ¢  longitudinal oxis;
a plurality of coils;
means for holding said magnets in a first annular array at substantially
equally spaced intervais in which said magnet axes are 'subsfcnticny parallel to a
longitudinal axis defined by said first annular array and for holding said coils in a
10 second annular array at positions spaced angularly between said maognets;
annular flanges of high magnetic permeability disposed over longitudinally
opposifé ends of said magnets; and,
at least one annular winding disposed substantfially  odjacent to and
inwardly from said first array of said magnets,
15
14. The 6pporcﬁus of claim 13, wherein said second annular array of said
coils is disposed in substantial  circumferential alignment with said first annular

array of said magnets.

20 15. The apparatus of claim 14, wherein said plurality of coils of said second
annular array are helical coils, each having a substantially radially aligned

longitudinal axis.

16, The opparatus of claim 14, wherein said plurality of coils of said second
25 array are coupled in two interleaved sets for generating two quadripole focusing
fields for correchng astigmatic aberrations of an electron beam in said cathode

ray tube.

17. The opparatus of claim 13, wherein said plurglity of coils are spaced
‘30 radially between said first array of said magnets and said at ieast one annular
winding.
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18. The apparatus of claim 17, wherein each of said coils defines @

substantially radially afigned longitudinal oxis.

19. The apparatus of claim 18, wherein said plurality of coils of said second
array are coupled in two interieaved sets for generating two quadripole focusing
fields for cotrecting astigmatic’ aberrations of -an electron beam in said cathode

ray tube.
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