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1 ‘2
(:My:invention »relates: to! improved::magnetic :Figy 41s .an: elevational -wiew partially: in:section
1:focusing: structures: forcicathode ray:itubes.and - - 0f: a modified: magnetic focusing “structure::em-
;particularly to suchi-structures employing:perma- sbodying:my. invention, Fig.. 5.is.a; sectional:view
snentizmagnets:as:ausource: of :magnetomotive . ::itaken: along :the line 5—5 of Fig: 4, Figs 6.is:an
«force. ;«elevational view.in section of a further modifica-
#Inscathoderay tubes:of the typerpresently.in = tion:of my invention.and Fig. 7 is:an elevational
17largesscalerproduction; focusing: of:the beam:is  ‘viewrin-section and:partially.broken away:of:still

caccomplished :by means.of a.focusing :coil:posi- a further modification of my invention.

:tioned:exteriorly: oni the:neck:of the:cathode ray «Referring: now:to: Fig: 1; Ishave:shown my in-
tube. " This devicé:isirather bulky,:expensive:and jy::vention:embodied in:a:.cathode: ray:fubezgun
. requires: a.largeramount: of ‘magnetic:material. rstructure supported within the neck: |:of a>cath-

iSome ‘attempts:have beennmade in' the:priowart --ode:ray:tube:envelope:including. a:istem member
to:accomplish:the focusing by :means.-of:g:mag- -2 from:rwhich the gun is;supported:.and through
:netic structure supported - within-the cathode:ray swhich:the:lead=in conductors; 3:are.sealed. s:In
““tube envelope. "'These: prior art:structures have jy:accordance: withrusual practice,: these Jleadsin
not-found:commereial:use and.have not: provided conductors provide externally. accessible:connec-
“the qualityzof-focusing:necessary for-use:in tubes  ::itions to the-various:elements:of the gun:and also
:for:television ireceivers,:for example. sisupport:the: gun:structure .within:theenvelope.
The present inverntion  is directed.to:an-im- The gun:illustrated is of.the:tetrode type:andin-
:proved: internal focusing sstructure;. particularly pg:eludes.a:grid ‘member: 4 formed;as.anvinverted
.-one. employing:permanent:magnets,: swhich: pro- = cuprhavingran: aperture; §.:through-which :elec-
vivides.a:symmetricalifocusing field iaboutithe-axis :brons.pass. ‘The electrons are:supplied by.a suif-
-vofsthel focusingzstructure; -andwwhich:also pro- =:able.cathode 6:supportedvwithin: the:grid: cylin-
* vides: for:a:controlled predetermined:distribution der with the emitting surface:adjacent the:grid
of the magnetomotive force along:the:axis of the oz:aperture;in.a:manner rwell understood:by:those
~focusing: strueture::to :provide” focusing: which is  -:8killed:in:the art. -:A second or accelerating:grid
substantially free:of: spherical :aberration;:orsin i Trof:eup;.shape.and: having:d -beam:aperture 8
smany ccaseswhich ; provides.ia’ predetermined - i:iszsupported in inverted:relation: with: respect:to
= amount:ofiaberration of:the proper:sign:to .com- the-grid:cylinder 4:by.:means of .a-plurality;of
‘:pensate:for-aberrationdntroduced:intd the:focus- gyglassstalks 8. secured to-the grid eylinders 4.and 1
+ing:by ‘other:compenentsyof::the selectron gun by means of radially:extending pins0. The gun
c:structure:of thestube. Accordingly;:it is;an im- :zstruebure. also:includes:a cylindrical secondigrid
Jrportantiobject:ofzmydnvention:toiprovide:aynmew  «ior anode member 1 [ supported in:axially spaced
sand dmproved: internal:magnetic’ focusing: struc- *'.lelatlon “with: respect-to the accelerating :grid’ 1
isturesfor:cathoderray: tubes:which providesifocus- »5:by radially extending pins;42,
dngsofithe beam: without distortioniof:the:beam The:anagnetic:focusing structure of:the:em-
.erossisectionzahd-without: introducing:unwanted  -:bodiment illustrated in Figs. 1.and 3:isisupported
ispherical aberration. - sudireetly -from the:final anode: cylinder i i which
‘It-is: another:object of :my:invention: to;provide - ::is made: of stainless steel:or.other:essentially.non-
+a simplifiedsinternal “focusing: structure: which 4g-magnetic:material. < The magnetic lensymember
i employs.a small:ivolume:of metal'within thetube, :is:zin:theform of a-machined cylinder:i3:secured
-swhich:isssimplesand:inexpensive:to:manufacture  ~within theianode: cylinder 1. . As illustrated
wand-which'is reddily. adjustable to.provide:varia- - :clearly:in Fig:.3, cylinder:!{ includes pole.pieces
tioniinitherintensity ofthe focusing ifield. ‘ »’H4:and:1 5. provided by annular.end portions which
sFurther;objects and:advantages:sofumy:inven- 45 end portions just:fit:the: inner:diameter:of;the
“tion:will become apparent:as:the following:de- = .finalianode 1|, and-which may be secured in posi-
iscription’: proceeds; iréference:bei otion;by-welding:to the anode sleeve. ;. The fogusing
sgecompanying tdrawing cand:; its:cscop wmember:4 3:is apertured as shown at:l 660 provide
- :“pbinte'd‘i': out rin:rthesappended:claims. ¢In rthe «.& passager-for:-theielectron: beam -in-which:the
iidrawing i Figs 1 illustrates:an-electronzgun forya 5¢-:focusing. takes: place.: Thermember: :13:isrcon-
~:gathoderay.-tube:incorporating.a.magnetic: focus- .zstruected iniarnovel manner:to:provide the:de-
i ing‘ structure:embodying my:invention.: s:sired:distribution; of: magnetomotive :force :with-
wq.sectionaliview:taken .along:the:line:2 ini the ‘foeusing: region:idefined: by theipassage
1.'1 Figh 3 dsvanienlarged:elevational view:in:sec- { 6ras:will:be:describedrin detail:at a:latter :point
Yition of the:magnetié focusingtstructureof Fig.i 1. 563in-the:specification, *"The amagnetomotiveiforce
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wd
is supplied by three cylindrical permanent mag-
nets {7, 18 and {9 supported in circumferentially
spaced relation around the exterior of the anode
cylinder 1! and retained in position by a pair of
soft iron washers 20 and 21 which are secured
against axial movement by a rolled edge 22 on
the upper or outer end of the anode cylinder {1
and by a sleeve 23 which is spot welded to the
exterior of the anode cylinder {{. The magnets

are retained in position by a pair of retaining -

washers 24 and 25 having suitable .openings for
receiving the ends of the permanent magnets and
welded or otherwise secured to the opposed faces
of the soft iron washers 28 and 2i. 'The open-
ings in the washers 20 and 21 are dimensioned to
receiving the exterior of the anode 11 and to pro-
vide effectively a continuation of the pole pieces
provided by the enlarged ends 14 and (5 of the
focusing member {3. The gap in the magnetic
material provided by the relatively low per-
meability stainless steel of the anode sleeve as-

«
3

15

sists in the even distribution of a flux produced by

the three magnets and provides a circumferential

distribution which is essentially as good as could
be obtained with an axially magnetized cylinder
of permanent magnet material which is as a
matter of economics much more expensive to
produce.

For the purpose of adjusting the strength of
the focusing flux produced within the member 13
I provide an external shunt in the form of a cylin-
der 2ia of magnetic material which may be ad-
justed in axial position to tube envelope to de-
termine the. reluctance of the shunt path be-
- tween washers 26 and 21 provided by the washer
2ta and the two air gaps.

As will be readily understood by those skilled
-.in the art.the final anode is usually operated at
the same voltage as the wall coating of the bulb
and for the purpose of making electrical con-
tact with such a coating (not shown) a plurality
of circumferentially spaced spring tabs 28a are
secured to the end washer 280 of the anode and
- focusing assembly.

.In accordance with an important aspect of the
bresent invention, the quality of the focusing ob-
tained is greatly improved as compared with prior
art focusing arrangements. The improvement
results .from a number of structural features

which, though usable individually, are combined °

in a relatively simple structure.

In accordance with one feature of the present
invention, the passage (6 through which the
beam passes is defined by a continuous wall 16a,
as distinguished from a focusing gap.
is of such cross section that the magnetomotive
force impressed across the ends thereof by mag-
. nets 11, 18 and 18, saturates the wall section and

provides substantial focusing flux within. the

passage 16. The length of the saturating sec-
tion. is also preferably in the order of three or
more times the radius of the focusing passage.
Both of these features assist in providing a focus-
- ing field which is more uniform, and generally
parallel to the axis of the focusing passage.
The term saturated as used here does not mean
complete saturation with the resultant reduction
- in permeability of the saturated section to unity
but rather a saturation sufficient to reduce the
permeability to a value clearly below that asso-
ciated with unsaturated maghetic materials.
This means that the degree of safuration may be
controlled by varying the cross section of the lens
wall and in this way to obtain a non-uniform
distribution of magnetomotive force. along the

The wall *

.tudinal axis of the lens).

4

surface of the lens structure in an axial direction.
In the embodiment illustrated in Fig. 3, this non<
uniform thickness of the saturated wall section
is obtained by machining into the member 13 a
plurality of circumferential recesses 26 which ex-
tend into the member different radial distances.
In the particular construetion shown, the wall
thickness increases. toward the central portion
of the lens member (measured along the longi-
This particular varia-
tion in cross section of the lens tends to provide a

-lens having negative spherical aberration and by

proper control of the amount of this aberration
it ‘can be made to just compensate for the aber-
ration of the electirostatic lens existing in the
gun structure and including, for example the
lens provided by ecylinders 7 and 1§ which are
normally operated at different voltages.

When the saturable wall section is formed in
this manner, the radial extending ribs or fins 28
provide a path for leakage flux from the magnets
11, 18 and [% which does not affect the focusing
action of the lens and which has a relatively low
reluctance circumferentially and a relatively
high reluctance in a longitudinal direction. If
the recesses are as .deep or deepér than their
axial width then the shielding accomplished by
-them is essentially complete and the localized
ieakage flux from the individual magnets does
not disturb the uniformity of the focusing field.

The non-magnetic gaps interposed between the
pole pieces 14 and (5 and the washers 20 and 21
respectively and provided by the anode cylinder
it in Fig. 3 assist materially in obtaining a uni-
form distribution of magnetomotive force across
the entire circumference of the pole pieces 14
and I5. This combination of the non-magnetic
gaps and the shielding provided by the ribs 28
render the action of the individual magnets es-
sentially as effective as a perfectly magnetized
cylinder of permanent magnet material. This is
a substantial advantage, since it is very difficult
to obtain a perfectly magnetized cylinder of
permanent magnet material and in addition such
g structure is rather expensive.

In Figs. 4 and 5, I have shown a modified form
of my invention which is in some respects easier
to assemble. 'The focusing member 30 is in gen-
eral similar to the member (3 as shown in Fig.
3 but is differently shaped at the ends in order
to facilitate assembly with a pair of washers
31 ang 32 having circular flanges 33 at the outer
edges thereof and. directed toward one another.
The member 38 is formed with a flared portion
34 providing' a shoulder on which the washer

: 32 may rest, and at the other end with a section

80

85

70

35 of reduced cross section which may be spun
out over the upper surface of the washer 31
during assembly to clamnp the washer 31 and 32
and the three permanent magnet members 36,
37 . and 38 together. As illustrated in Fig. 4, a
suitable non-magnetic gap between washers 31
and 32 and the parts 34 and 35 focusing member
30 is provided by interposed washers 39 and 40
of suitable non-magnetic material such as stain-
less steel. The washers 31 and 32 and the parts
84 and 35 of focusing member 30 combine to
provide the pole pieces of the focusing structure.
As apparent from an inspection of Figs. 4 and 5,
the flanges 33 of the washers. 31 and 32 are
shaped to retain the permanent magnets in cir-
cumferential position. The assembly including

.. the: focusing member 39, the washers 31 and .32

- and the permanent magnet members 3§, 37 and

38 is secured on the outer end of a second anode
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cylinder 41, . For-the purpose of this:connection,
‘the: cylinder ‘s provided: with an: outwardly: ex-
tending circumferential flange 42 which is welded
-or'brazedito:the face of the washer:82. It will

*be:appreciated that the structure just described . ’

operates' in:‘the: same ‘manner as the one ‘de-
seribed in connection with Figs. 1,2 and 3,-and
“may- provide -a’more - economical structure from
‘a manufacturing point of view.

“In'Figs 6, I-have shown a still further modi-"

“fication of my-invention in-which the lens struc-
“ture-43- corresponds generally 'to the:lens' meni-
‘her ‘13 of ‘Fig: 3. 'The lens structure instead of
‘utilizing a-saturable wall‘section utilizes: a stack

of washers which are alternately of magnetic 15

“and substantially “non-magnetic material. Re-
“ferring now -to-Fig: 6; the assembly includes an
-anntilar ‘stack ‘including soft iron: pole:pieces” 44
‘and-45 ‘separated by a plurality of ‘washers 46

“of“non-magnetic-materizl-such as stainless steel’

‘with interposed washers 47 of high permeability
‘dron. - The washers 45 and 471 are substantially
-smaller outer diameter than' the pole pieces 44
and* 45 -leaving room tcaccommodate annular
.cylindrical- permanent ‘magnet 48 -between -the
‘pole ‘pieces 44 -and “45. “The assembly ‘may ‘be
secured together in any suitable manner: and
attached to the end of the final anode, if ‘de-
“sired. “For example, the -assembly ~may - be
relamped: together by a stainless: steel eyelet”il-
Tustrated at-49.

It will- be noted” that in‘the modification ‘in
"Pig. 6 'that the washers of stainless steel pro-
vide: a path ‘of relatively low permeance and

the 'iron" washers provide a path of relatively "

‘high “permeance. Since the washers of  low
permeability are made progressively thinner to-
ward .the. center of the stack and the washers
of "high permeability are made progressively
_thicker toward  the center, it is apparent that
-the magnetic potential gradient is along the wall
“defining the beam passage decreases toward the
longitudinal center -of  the lens while the mag-
‘netic potential gradient is substantially constant
along’ the axis. 'This is the same type of dis-
‘turbance as was obtained by the saturable wall
of the. lens of Fig. 3 where the wall section is
“of greater thickness near the longitudinal center
of ‘the lens.

-In Fig. 7, I-have shown a still further. modi-
‘Tication to my invention which corresponds.gen-
erally to. the modification shown in Fig. 3 and
. carresponding. parts have . been. deésignated by
the same reference numerals.  In the construc-
tion shown in Fig. 7, the lens member 13 in-
cludes-annular. pole pieces {4 and {5 and a gen-
erally cylindrical wall portion 59.extending be-
tween the pole pieces and having a varying cross
section-along its length to provide the desired
=distribution:of magnetomotive along the focusing
‘passage. - The modification of Fig. 7 differs from
‘that.shown in Fig. 3 primarily in the arrange-
-ment- provided for obtaining-a -low reluctance
‘pathin a circumferential direction without effec-
‘tively short’ circuiting: the focusing passage. in
‘an‘axial'or longitudinal direction. - In this modi-
fication, this path is provided by a pair of an-
nular or ring like members 51 and 52 . of low
reluctance material, such as soft iron, interposed
between the magnets i7, 18 and 19 and the focus-
ing cylinder. These rings may to advantage
be supported from opposite sides- of the non-
magnetic cylinder provided by the stainless steel
anode cylinder { [ which provides a non-magnetic
gap therebetween, It is appreciated that the

40

45

60
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:been described in connéction: with the

6

-rings: §I-and’ 52 are spaced- at ‘their-ends from
‘the:'pole-pieces. 14 and 15 s0 as to:provide:a

high-teluctance path:in.a longitudinal direction.
These ring members prevent the localized mag-
netomotive force of the three magnets from dis-
turbingthe uniformity of:the focusing ‘field in

‘&' 'plane ‘transverse- to ‘the axis of ‘the focusing

cylinder,
“In “the “foregoing description, -8 nuwber ‘of

~modifications embodying my invention havé been
“describied. * It will ‘be appreciated that' in - its

‘broader -+ aspects, “'the ‘invention - involves ‘‘the
ugilization of o' physical-structure” between ‘the

“pole-pieces-of: ' magnstic lens: which presents a

telatively: Jow’ magnetic - permeability: as-com-
pared with <unsaturated ‘iron and which-more

“specifically: provides:a non-uniform: and -prede-
‘termined permeability along its length to give:a

‘Spherical aberration free lens or a lens having-a

"predetermined amount-of speeial aberration to

compensate for spherical aberration of any-other
lens which-acts on‘the beam being focused. Tt
has been found that'for a spherical sherrstion

“freé:lens the arvea under the curve of magneto~-
‘motive foree versus axial distance along the lens

should ‘be approximately equal for both the axis
of-'the lens and the inner surface of the léns
wall.  As is-readily apparent from the foregoing
description, these areas can be made the same

-or-different by o predetermined -amoutnit by suit-

able “dimernsioning ‘of the interposed wall space

“defining the beam passage.

“While I have shown ‘my invention applied to
a-straight- electron gun, that is a gun having

“ - novion trap, it will be apparent that it may ‘be
“used -with-such guns with- all of -the advantages

of controlied correction of- aberration that have
illustrated

embodiment. :
What I claim-as new and desire-to secure-by

Letters Patent of the United States is:

 1.-A magnetic-focusing structure for-an-elec~
‘tron - ‘beam- -comprising - 2~ generally cylindrieal
lens .of ‘magnetic “material having & passage

“therethrough, said lens including a generally an-

nular pole-piece at each end thereof and an‘inter-

“mediate hollow cylindrical section having a'vary-
ving- €ross section along itslength, and means sur-
rounding: said lens member and impressing -2

magnetizing force across said pole pieces of a
strength to produce saturation of said cylindrical

‘section to produce a non-uniform magnetic po-

tential gradient along the length of the ‘inner

“surface ‘of ‘said hollow -cylindrical section.
b5

2.7 A-magnetic focusing structure for an elec-

‘tron beam-comprising a generally eylindrical lens
~member-of- magnetic material having a passage

therethrough; said member including a generglly
annular -pole piece at-each end thereof and an

“intermediate hollow cylindrical section having a

varying cross section along its length to ' produce
4 non=uniform magnetic potential gradient along
the length of ‘the inner surface of said hollow
cylindrical section -when o magnetomotive force
of~ sufficient “strength - to saturate said’ hollow

‘eylindrical section is impressed across.said pole
“pleces.

3."A magnetic focusing structure for an elee-
tron ‘beam comprising a generally cylindrical
lens member of magnetic material having a pas-
sage therethrough, said member including a gen-
erally annular pole piece at each end thereof and
an intermediate hollow cylindrical section having
a cross section substantially less than the eross
section of said pole pieces, and means surround-



2,681,421

7

ing said lens member and impressing a magnet-
izing force across said pole pieces of a strength
to produce saturation of said intermediate hol-
low cylindrical section. .

4. A magnetic focusing structure for an elec-
tron beam comprising a generally cylindrical lens
member of magnetic material having a focusing
passage therethrough, said member including a
generally annular pole piece at each end thereof
and an intermediate hollow cylindrical section, a
plurality of radially extending ribs of magnetic
material on the exterior of said cylindrical sec-
tion and a plurality of circumferentially spaced
permanent magnet members positioned outside
of said cylindrical section for impressing a. mag-
netizing force across said pole pieces.

5. A magnetic focusing structure for an elec-
tron beam comprising a generaily cylindrical
lens member of magnetic material having a pas-
sage therethrough, said member including a gen-
erally annuiar pole piece at each end thereof and
an intermediate hollow cylindrical section, a ring
of magnetic material surrounding each of said
pole pieces, non-magnetic means interposed be-
tween the respective rings and pole pieces, a plu-
rality of elongated permanent magnets extending
between said rings and for impressing a mag-
netizing force across said pole pieces.

6. A magnetic focusing structure for an elec~
tron beam comprising a generally cylindrical
lens member of magnetic material having a pas-
sage therethrough, said member including a gen-
erally annular pole piece at each end thereof and
an intermediate hollow cylindrical section, a ring
of magnetic. material surrounding each of said
pole pieces, non-magnetic means interposed he-
tween the respective rings and pole pieces, a plu-
rality of elongated permanent magnets extending
between said rings and for impressing a mag-
netizing force across said pole pieces, said hollow
cylindrical section having a. plurality of longi-
tudinally - spaced outwardly extending ribs of
magnetic material providing leakage paths for
flux produced by sald permanent magnets.

7. A magnetic focusing structure for an elec-
tron beam comprising a generally cylindrical lens
member of magnetic material having a c¢ylindri-
cal passage therethrough, said member including
a generally annular pole piece at each end there-
of and an intermediate hollow cylindrical sec-
tion having a cross section substantially less
than the cross section of said pole pieces, the
length of said eylindrical section being in excess
of three times the radius of said passage and
means surrounding said lens member and im-
pressing a magnetizing force across said pole
pieces of a strength to produce saturation of said
intermediate hollow cylindrical section.

8. A magnetic focusing structure for an elec-
tron beam comprising a generally cylindrical lens
member of magnetic material having a cylindri-
cal focusing passage therethrough, said member
including a generally annular pole piece at each
end thereof and an intermediate hollow cylin-
drical section having a predetermined non-uni-
form permeance along its length to produce a
non-uniform magnetic potential gradient along
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the inner surface of said hollow cylindrical sec-~
tion when a magnetomotive force is impressed
across said pole pieces.

9. A magnetic focusing structure for an elec-
tron beam compricing a generally cylindrical lens
having a focusing passage therethrough, said
lens including a generally annular pole piece of
high permeance at each end thereof and an inter-
mediate hollow cylindrical section including a
stack of alternately high and low permeance
rings of differing thicknesses to produce a non-
uniform distribution along the length of the
inner surface of said cylindrical section when a
magnetomotive force is impressed across said pole
pieces.

10. In combination, an electron gun for pro-
ducing a beam of electrons and including a cylin=
drical anode, a magnetic focusing lens supported
from said anode and having a cylindrical passage
therethrough in alignment with the axis of said
anode, said focusing lens including a pair of an-
nular pole pieces and a relatively thin walled
generally cylindrical portion interposed between
said pole pieces. and means impressing g magneto-
motive force across said pole pieces of a magni-
tude to produce substantial saturation of said
wall portion. ’

11. A magnetic focusing structure for an elec-
tron beam comprising a focusing lens having a
cylindrical passage therethrough in -alignment,
sald focusing lens including a pair of annular
pole pieces and a relatively thin walled generally
cylindrical portion interposed between said pole
pieces, individual magnets supported in spaced
circurnferential relation and said lens and im-
pressing a magnetomotive force across said pole
pieces of a magnitude to produce substantial
saturation of said thin walled portion and means
interposed between said magnets and said thin
walled portion providing a low reluctance circum-
ferential path around said thin walled section
and a high reluctance path between said pole
pieces.

12. In combination, an electron gun for pro-
ducing a beam of electrons and including a cy-
lindrical anode of non-magnetic material, a mag-
netic lens within said anode member including a
pair of annular pole pieces having an outer sur-
face conforming in size and shape to the inte-
rior surface of said anode, a pair of annular
washers of magnetic material surrounding said
anode and located opposite said pole pieces in
an axial direction, and permanent magnet means
positicned on the outside of said anode and ex-
tending between said washers.
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