atus for controlling dynamc convergence of a pIur?w¥L¥
ﬁhlasuealmeieaRtp@del ray tube This invention rel at e§ <

s (CRTs) and is particularly directed to
ams incident upon the fqr@‘gbggg,oggs@
or S enplpy an in-line electron.gun 8

?dlrectln a plurality of electron beans on the
Mebked sapd capparatus FRE sCoREER hing +F | PRV %%’%‘f%n
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 ray tubes (CRTs) and is particularly directed to the
‘control of multiple electron beams incident upon the
faceplate of a color CRT.

Most color CRTs employ an in-line electron gun
arrangement for directing a plurality of electron beams on
the phosphorescing inner screen of its glass faceplate.
The in-line electron gun approach offers various
advantages over earlier "delta" electron gun arrangements
particularly in simplifying the electron beam positioning
control system as well as essentially eliminating the
tendency of the electron beams to drift. However, in-line
color CRT’s employ a self-converging deflection yoke which
applies a nonuniform magnetic field to the electron beans,
resulting in an undesirable astigmatism in and defocusing
of the electron beam spot displayed on the CRT’s
faceplate. 1In order to achieve three electron bean
convergence at the screen edges and corners, the
self-converging yoke applies a dynamic quadrupole magnetic
field to the beams which over-focuses the beams in the
vertical direction and under-focus them in the horizontal
direction. This is an inherent operating characteristic
of the in-line yoke design.

. One approach to eliminate this astigmatism and
deflection defocus employs a guadrupole lens with the
CRT’s focusing electrode which is oriented 90° from the
self-converging yoke’s quadrupole field. A dynamic .
volfage, synchronized with electron beam deflection, is
applied to the quadrupole lens to compensate for the
astigmatism caused by the deflection system. This dynamic
voltage also allows for dynamic focusing of the electron
beams over the entire CRT screen. The astigmatism of the
electron beam caused by the guadrupole lens tends to
offset the astigmatism caused by the color CRT'’s
self-converging deflection yoke and generally improves the
performance of the CRT. '
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dynam c and which includes a plurality of generally vertlcally

elongated apertures in a first section of a focusing
electrode and a second pair of aligned, generally
horizontally oriented elongated apertures in a second
-section of the focusing electrode. Each electron beam

- first transits a vertically aligned aperture, followed by
passage through a generally horizontally aligned aperture
in the single quadrupole lens for applying astigmatism
correction to the electron beam.
' An article entitled "Quadrupole Lens For Dynamic
Focus and Astigmatism Control in an Elliptical Aperture
Lens Gun" by Shiral et al, also published in SID 87
Digest, at page 162, discloses a quadrupole lens
arrangement comprised of three closely spaced electrodes,
where the center electrode is provided with a plurality of

- keyhole apertures and the outer electrodes are provided
with a plurality of square recesses each with a circular
aperture in alignment with each of the respective electron
beams. . A dynamic voltage V4 is applied to the first and
third electrodes so as to form a quadrupole field to
compensate for the astigmatism caused by the
self-converging yoke deflection system. Although this
allows-for a reduction in the dynamic voltage applied to
the quadrupole, this voltage still exceeds 1 KV in this
approach. While these two articles describe improved
approaches for beam focusing and astigmatism compensation,
they too suffer from performance limitations particularly
in the case of those CRTs having a flat faceplate and foil
tension shadow mask, where the flat geometry imposes
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substantially greater challenges than those encountered
with a curved faceplate.

An electron gun employing a guadrupole lens to
which a dynamic voltage is applied generally also includes
a Beam Forming Region (BFR) refraction lens design
intended to correct for the lack of dynamic convergence of
the red and blue outer electron beams. The horizontal
beam landing locations of the red and blue beams in color
CRTs having an in-line electron gun arrangement change
with variations in the focus voltage applied to the
electron gun. While the dynamic quadrupole lens
compensates for astigmatism caused by the self-converging
electron beam deflection yoke, prior art quadrupolellens
arrangements do not address the lack of horizontal
convergence of the two outer electron beams.

In a more general sense, this invention addresses
the problem of how to electrically converge off-axis beams
in a three-beam color cathode ray tube, particularly a
color cathode ray tube of the type having an in-line gun.

There exists a number of technigues in the prior
art for electrically converging off-axis electron beams in
a color cathode ray tube. One technique offsets the axes
of apertures in facing electrodes. Offsetting the axes of
the cooperating apertures creates an asymmetrical field
which bends an electron beam in a direction dependent upon
the asymmetry and strength of the field. Examples of
electron guns having such offset~-aperture-type bean
bending are U.S. Patent Nos. 3,772,554; 4,771,216 and
4,088,753, | |

_ A second approach is to use coaxial apertures,
but angle the gap between the facing electrodes to produce
the necessary asymmetrical field. Examples of electron
guns having such "angled gap" technique for producing the
necessary asymmetrical field are disclosed in U.S. Patent
Nos. 4,771,216 and 4,058,753. '
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SID 87 QQBHF at page 166, di'scloses a dynam c astigmatism and focus (.DAF)
gun wher 3ast|gnat|sn1and defl ection defocusing is ] W@ﬁﬁgyﬁ_
corrected using a single dynam c voltage. The el ectron gun enploys a
guadrupql-e l ens to which the dynami c voltagé=is applied and which incl udes
a plurality of generally vertically elongated apertures in a first section

of a focusing electrode and_a second pait of aligned, tgenerall
hori zontal Iy oriented ePoﬁ@&F@daHEEPPEFeéslF°a¢§§€5ﬂd ecRFymeFriqal

focusi ng el ect rddaqa E@thgbeafﬁeaxheanbimraf beansi bg erestingahdly aligned
aperture i n t h#SoesTEERReR, BaRoPEEHaRe BF RRRrST ALt FEBRET PSR orr act i on
to the el ect r oExamphes of thls Ahizdt approachi fordel €obriopbly Lens For )
by i ral et atonyeRgialasTiac1a) bime aPg, BlacRbuER LADGIL Faklllp CO1
quadr upol e Ien§°§rrén@éﬁaﬁﬁ4c9n§rﬁs§§3 ?sﬁhree cl osely spaced el ectrodes,
where the center electreden $ePtResacthyesNagpPbaeRes ! ubfers from

difficulties in mandrelling the electrodes during

assembly. One aspect of the present invention is to

provide improved means in an electron gun for refracting

or bending an electron beam, useful for converging

off-axis beams in a color CRT gun.

As discussed above, certain modern high
performance electron guns have a dynamic quadrupole lens
to compensate for beam astigmatism introduced by an
associated self-converging yoke. Incorporation of such
dynamic quadrupole astigmatism correctors in electron guns
of the type having a common focusing field for all three
beams introduces convergence errors due to the converging
effect produced by such common lens on the off-axis beam.

In one sense, this invention concerns improved
quadrupolar lenses independent of their application or
particuler implementation, and more particularly concerns
a way to bend an electron beam passing through a
quadrupolar lens field. Dynamic control of beam angle as
a function of potentials applied to the quadrupolar lens
is achievable using the present invention.

In accordance with a further aspect of this
invention, means are provided for correcting or reducing
such convergence errors. As will be explained, this is
accomplished by unbalancing the quadrupolar lens fields
through which the off-axis beams pass. The unbalancing is
accomplished in a preferred embodiment by the creation of
an asymmetrical field component which has a refractive
effect on the off-axis beams, causing them to converge or
diverge as a function of the strength and degree of
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"~ keyhol e apertures and.the outer—electrodes are provided with a plurality of
square.recesses each with a circHI%&ﬁaperture in alignment with each of the

- respecti on Buggheet H voltage Vd is applied per/ifiQofdsssg and
third e'l‘é@t’?%@é?so a m ﬂi‘ g, ane
astigriati sm caused by

\ drupole field to conpensate tor t
rging.yoge defl ection system Although
this allows for a reduction in the dynanm ¢ V8ltage applied to the '

guadrupol e, this voltage still exceeds 1 KV in this approach. Wil e these

compensati on, t REYTRBS S ARt BRYBBRFEARANCE P aE APF bt 80t EAR arly in
the case of thooffcARIshheiams.a RAlsawifldcapkat beasuplainedeisi Barehdasall
mask, where thenehaling@®R!," irl AP P3eterred embodiment the asymmetrical
 fields are produced by providing an aperture pattern in
.one or more of the facing electrodes employed to create
the quadrupolar lens field for the off-axis beams which is
shaped to create an asymmetry in the field affecting the
off-axis (otuter) beams.
:In one embodiment to be described (FIGS. 17-20),
a novel electrode has a center opening and two outer

openings arranged in-line along an electrode axis
orthogonal to the gun axis. The outer openings have
profile distortions which are symmetrical about the
electrode axis and a vertical axis through the center
opening, but asymmetrical about respective vertical axes
through the outer beam openings. In one preferred
embodiment, the opening profile distortions each take the
form of an inwardly or outwardly extending opening '
enlargement (a notch, for example). In another
arrangement (FIG. 22, to be described) the asymmetrical
field is .produced in an electrode having a horizontal
apefture extending across all three beams, the terminal
portions of which are vertically larger than the center
portions of the horizontal aperture so as to creaté the
aforediscussed opening enlargement and asymmetrical field.
This aspect of the invention may be employed in
unipotential (Einzel) type quadrupolar lenses, or
quadrupolar lenses of the bipotential or other type. The
préfile distortion provided to create the field asymmetry
for the off-axis beams may be located in any or all of the
electrodes which constitute the quadrupolar lens. If the
profile distortion is located in the electrode or
electrodes having relatively higher voltage, the profile
enlargement extends away from the center beam opening; if
located in the electrode or electrodes having lower
applied potential, the opening enlargement which creates
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T o etk S WSohE eS| e

applied to theea egamingun. Wile the dynanc quadrupole | ens conpensat es

for astigmatism CaUSEde?ya tﬁeoasfég &&m’e%w' L noted above, the
invention concerns a quadrupolar lens for an electron gun
having the capability of bending a beam passing through
the lens, independent of the application or manner of
implementing the gquadrupolar lens. In this context, the
invention concerns the provision of a quadrupclar lens
having at least two facing apertured electrodes, one
adapted to receive a relatively higher excitation
potential, the electrodes being constructed and arranged
such that a quadrupolér field component is created
therebetveen for the beam when different excitation
potentials are applied to the facing electrodes. The
quadrupolar field component such as to cause the beam to
be diverted from a straight line path as a function of the
different applied potentials. The unbalancing, as
described, is preferably by provision of an asymmetrical
field component in the quadrupolar lens which, in turn, is
preferably created by the provision of an aperture pattern
in one or both of the facing electrodes, all as outlined
above and as will be described ih detail hereinafter.

Such a quadrupole lens with beam bending
capability may be employed in electron gquns in general,
but not llmlted to the type described above and to be
descrlbed hereinafter wherein the gquadrupocle lens prov1des
astigmatism correction to offset astigmatism produced by
an associaied self-converging yoke.

In still a broader context, this invention
provi&és an improved means for electrically bending or
diverting the path of an electron beam, independent of its
use in a quadrupolar or any other particular type of
lens. In the background of the invention set forth above,
mention is made of three types of electron-refractive
devices which each create an asymmetrical field in the
path of an electron beam to divert it from a straight line
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: electrode as to create an asymmetrical pattern in the
facing electrode as to create an asymmetrical field
influencing the passed electron beams. Thus the beam
bender of the present invention may be used in
substitution for any of the above three types of beam
benders in any application in which they are found, as
well as other applications which call- for electrical beam
divergence. The present invention has the advantage over
the aforediscussed three types of beam benders found in
the prior art in that it is more easily mandrelled during
electron gun assembly than any of those arrangements.

In this most general context, the invention may

be thought of as comprising means for generating a beam of
electrons, and beam bending means for producing an
asymmetrical field in the path of the beam for diverting
the beam from a straight line path. The beam bending
means comprises at least two facing electrodes adapted to
receive different excitation potentials and having coaxial
beam-passing openings, at least one of the openings being
symmetrical about a first electrode axis, but asymmetrical
about an orthogonal second axis to thereby produce the
said asymmetrical field.

g Such a beam bender may be adapted for dynamic
convergence by employing it in the off-axis beams and
applying a varying potential to one or both of the
operative facing electrodes to cause the strength of the
asymmetrical field to vary as a function of the applied
voltage. In application to a three beam in-line gun color
CRT having dynamic convergence, a variable voltage
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~guns heg ogessah "angl ed gap” technique for produci ng thepeTresonziasse

- asymmetrical field are disclosed in U S. Patent Nos. 4,771,216 and PR

~ 4,058, 753.» _ . -ge -4- A third

: approach is to create the asymetrical field for the off-axis beam or beans
by creating a wedge-shaped gap between the addressing el ectrodes. Exanples

of this third approncted hidh 9d i§é¢1dction of the beam across the
screen may be applied to one or all of the electrodes.

Thus, one feature of the present invention
invelves dynamically compensating for astigmatism and beam
focusing errors in an in-line, multi-beam color CRT
without introduction of convergence errors.

Another feature of the present invention is to
provide a quadrupole lens adapted for use in virtually any
of the more common in-line color CRTs and which affords
precise control of electron beam convergence/divergence.

| Another feature of the present invention is to-
compensate for the non-uniform magnetic field of a
self-converging deflection yoke in a color CRT by
dynamically controlling horizontal and vertical
divergence/convergence of the CRT electron beams.

A still further feature of the present invention
is to allow for a reduction in the dynamic focusing
voltage provided to a quadrupole electron beam focusing
lens for a color CRT and minimize problems involving
additional high voltage application through a CRT neck pin.

' Another feature of the present invention is to
correct for outer electron beam (typically the red and
blue beams) dynamic misconvergence in in-line color CRTs
having dynamic astigmatism compensation. _

Further features and advantages of the present
invention will best be understood by reference to the
followiﬁg detailed description of preferred embodiments
taken in conjunction with the accompanying drawings, where
like reference characters identify like elements
throuyghout the various figures, in which:

FIG. 1 is a perspective view of a dynamic
quadrupole lens for an in-line color CRT in accordance
with the principles of the present invention;

FIG. 2 is a graphic representation of the
variation over time of the dynamic voltage applied to the
quadrupole lens of the present invention;
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convergi ng of f - axi din US. Patent Nos. 3,772,554 and
4,098,758. : ; hthfHaE ﬁﬁ;km@e approaches suffers from
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: |nproved means in an erectron gun fo
: refracting or bendlng am useful for converging off-axis
beans in a .color CRT gun. As di SBssed above, certain nodern "hi gh
per formance el ectron guns have a dynam ¢ quadrupole |lens to conpensate for

beam astigmati smintr by_an \ ﬁﬁ{(@s

| ncor porati on of suchO%y‘%ag? '.Y%] ’tﬂ%‘egita%‘f @%r{alxgl%ﬁceg{é ec%mf e? ectron

guns of the tgcpmemwmgthecmem suctacepf x| CRT glags fam ns -

i ntroduces cofygy [PAPLONE dOrldiE £ 58S il o e ltedy such
eam

common |l ens gn the o one sense, this invention
concernsilnwkﬁ%RFcﬁkﬁﬁﬂﬂﬁfar 1 enses i ndependent of their application or

particul ar inpl errent atf;p@s afsl AWd 4 adFte CedStiongLNeiews of viley to bend an

el ectron beaqé ec Qégugespectlvely 111ustrat1ng vertical
convergence/horlzontal divergence (negative astigmatism
effect) and vertical divérgence/horizontal convergence
(positive astigmatism effect) effected by the dynamic
quadrupole lens of the present invention;

FIG. 5 is a simplified sectional view
illustrating the electrostatic potential lines and
electrostatic force applied to an electron in the space
between two charged electrodes;

FIGS. 6 through 12 illustrate additional
embodiments of a dynamic quadrupole lens for focusing a
plurality of electron beams in an in-line color CRT in
accordance with the principles of the present invention;

FIGS. 13a and 13b respectively illustrate
sectional views of a prior art bipotential type ML
electron focusing lens and the manner in which the dynamic
gquadrupole lens of the present invention may be .
incorporated in such a prior art electron beam focusing
lens;

- FIGS. 14a and and 14b are sectional views of a
prior art Einzel-type ML electron focusing lens and the
same focusing lens design incorporating a dynamic
quadrupole lens in accordance with the present invention,
respéctively:

FIGS. 15a, 15b, 15c and 15d respectively
illustrale sectional views of a prior art QPF-type ML
electron focusing lens and three versions of such a _
QPF-type ML lens incorporating a dynamic quadrupole lens i
in accordance with the present invention;

FIGS. 16a and 16b respectively illustrate
sectional views of a prior BU-type ML electron focusing
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causi ng t henpi8s€REVERGEn©ionl verge as a function of the strength and

degree of FIG. 17 is a perspective view of an electron beanm
misconvergence correction arrangement in accordance with
the present invention as employed in a dynamic quadrupole
lens for an in-line color CRT: |

FIG. 18 is a lengthwise sectional view of an
electron beam misconvergence correction arrangement as
shown in FIG. 17;

- FIG. 19 is a plan view of an offset keyhole
electrode design for use in an in-line multi-electron beam
focusing arrangement in an electron gun in accordance with
the present invention;

FIG. 20 is an end-on view, of  the focusing
electrode of FIG. 19;

FIG. 21 is a perspective view of an electron beam
misconvergence correction arrangement incorporating
generallylcircular, notched outer apertures in a center
electrode in accordance with another embodiment qf the
present invention; '

FIG. 22 is a plan view of another embodiment of
an electrode in accordance with the present invention,
where the electrode has a higher voltage than an adjacent
focusing electrode; '

_FIG. 23 is a schematic illustration of a focusing
lens structure in a three-beam in-line gun wherein the
outer electron beams are electrically converged by the
present invention; and

. °'FIG. 24 is a simplified schematic diagram of yet
another embodiment of the present invention wherein an
asymmetric field component is formed by distorting the
outer beam apertures in a pair of adjacent focusing
electrodes maintained at different voltages.

Referring to FIG. 1, there.is shown a perspective
view of a dynamic quadrupole lens 20 for use in an in-line
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quadrupol ar | ens flel axi s beans which is shaped to create an
asymmetry in the field affecting the .of'f ThkTs (outer) beans. I n
one .enbodi nent to be described (FIGS. 17-20), a novel electrode has a
center opening_and two outer |ng rr n appg! ectrode
axis orthogoff F°t5°Ph5uQuﬁna?|§°E?ﬁe ter gggﬂéﬁnéfhgggkﬂﬂg?

di stortions ﬂUMQMLsrquaﬂmupbiec&bnaboﬁtthhepeeeentOHEVQRF§°EnBa& Pertical

axi s throughy tn%%g’i%@e " iRRE"A% Ut eRIELTR réﬁé&tﬁbﬁuguﬁeaﬁeshgunenest i cal

axes throughls ii?ﬂ!iia%i%vlﬁ %QEQ.S13a”a33 1?Let§££8gh 16a and 16b,
and is described in detail below. Various alternative
embodiments of the dynamic quadrupole lens of the present
invention are illustrated in FIGS. 10 through 16 and are
‘discussed below. Details of the embodiment of the dynamic
quadrupole lens 20 illustrated in FIG. 1 are discussed in
the following paragraphs, with the principles of the
present invention covered in this discussion applicable to
each of the various embodiments illustrated in FIGS. 6
through 12. The present invention may be used to correct
for astigmatism in CRTs having electron guns with a
focusing field common to all three beams such as the
Combined Optimum Tube and Yoke (COTY) CRTs, as well as
non-COTY CRTs as described below. A COTY-type main lens
is used in an in-line electron gun and allows the three
electron guns to have a larger vertical lens while sharing
the horizontal open space in the main lens for improved
spot size. The terms "electrode", "grid" and "plate" are
used interchangeably in the following discussion.

| The dynamic quadrupole lens 20 includes firgt,

secoﬁd, and third electrodes 28, 30 and 32 arranged in
mutual alignment. The first electrode 28 includes an
elongated aperture 28a extending a substantial portion of
the length of the electrode. Disposed along the length of
the aperture 28a in a spaced manner are three enlarged
portions of the aperture.

The second electrode 30 includes three
keyhole-shaped apertures 30a, 30b and 30c arranged in a
spaced manner along the length of the electrode. As in
the case of the first electrode 28, the third electrode 32
includes an elongated aperture 32a extending along a
substantial portion of the length thereof and including
three spaced enlarged portions. Each of the
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- produced in an el ectrode having a horizon

enbodiweyyi1/0d3®$ opening profile distortions each take théptp[msgoﬁmgs"__
inwardly or outwardly extending opening enlargenent (a notch, for exanpl

I n anot het arrangenent” (FIG 22, to be degéglbed) the asymetrical fieldis
t aperture extending across al
three beans, the ternminal portions of which are vertically larger than the
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af or edi scuss ope n ment, an mretri.cal fie i s
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the el ectrodecpfr®! &ddOfiSTed 4 NG d Ui 132 A LUiRL g&ﬂl :a#ﬂcyatﬂfrﬂlcéll le

enl ar genent ext ends awa fron)the center beam openin ted I.n the

el ectrode or FRLAR A REIRRRY, £he irespeatdiie Apertires&f
enl argenent vél€dtEsded efre adapted to allow the transit of three

electron beams 22, 24 and 26, each shown in the figure as
a dashed line. .
The second electrode 30 is coupled to a constant
voltage source 34 and is charged to a fixed potential
VFy;. The first and third electrodes 28, 32 are coupled
to a variable voltage source 36 for applying a dynamic
voltage VF, to these electrodes. .The terms "voltage"
and "potential" are used interchangeably in the following
discussion. The present invention is described in detail
in the following paragraphs with the dynamic and static
voltages applied as indicated, although the principles of
this invention alsoc encompass applying a dynamic voltage
to the second intermediate electrode 30 while maintaining
the first and third electrodes 28, 32 at a fixed voltage.
Referring to FIG. 2, there is shown a graphic
representation of the relative voltages at which the
second electrode 30 and the first and third electrodes 28,
32 are maintained over time. As shown in FIG. 2, the
VF; voltage is maintained at a constant value, while the

VF, voltage varies in a periodic manner with electron
beam sweep. The manner in which the VF, dynamic voltage
varigs with electron beam sweep can be explained with
reference to FIG. 3 which is a simplified planar view of a
CRT faceplate 37 having a phosphorescing screen 38 on the
inner surface thereof. The dynamic focusing voltage VF,
applied to the first and third electrodes 28, 32 varies in
a periodic manner between a minimum value at point A and a
maximum value at point C as shown in FIG. 2. The minimum
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oward the center beam
e invention

' 5§gfor

extiénds anargr'
n a broader context ;

R

the vicinity of point B, the dynamic
increases to the value of the fixed focus
shown at point B in FIG. 2. Further deflection
electron beams toward the right edge of the CRT scréen
at point C’ occurs as the dynamic focus voltage VFE _
increases to its maximum value at point C in FIG. 3 which
is greater than VF,;. The dynamic voltage VF, then
decreases to the value of the fixed focus voltage VF, as’
the electron beams are deflected leftward in FIG. 3 toward
point B’ which is intermediate the center and lateral edge
locations on the CRT screen 38. The dynamic voltage VF,
varies relative to the fixed voltage VF, in a similar
manner when the electron beams are deflected to the left
of point A’ in FIG. 3 to cover the other half of the CRT
screen. In some color CRTs currently in use, such as
those of the COTY type, the dynamic focus voltage is
varied in a periodic manner but does not go below the
fixed focus voltage VF,. This type of dynamic focus
voltage is labeled VF,, in FIG. 2 and is shown in dotted
line form therein. The dynamic focus voltage is applied
to the first and third electrodes 28, 32 synchronously
with the deflection yoke current to change the quadrupole
fields applied to the electron beam so as to either
converge or diverge the electron beams, depending upon
their position on the CRT screen, in correcting for
deflection yoke-produced astigmatism and beam defocusing
effects as described below.

Referring to FIGS. 4a and 4b, there is shown the
manner in which the spot of an electiton beam 40 may be
controlled by the electrostatic field of a quadrupole
lens. The arrows in FIGS. 4a and 4b indicate the
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“inventign ns the provision of a quadrupolar |ens haviag | east ty
~facing @&eﬁﬁé el ectrodes, one adapted to.receive a relati vgﬁé"q{%ﬁ@rf? _
;.excitation potential, the el ectrodes being constructed and arranged such
that a quadrupol ar field conponent is creafldd therebetween for the.beam

when dffferent excitation potentials are applied to the facing el ectrodes.

The quadrupolﬁﬁ field cgﬁponent such as to cause the gﬁgﬁ1to be diverted
froma strai gftHeSkdapOF e, Toxces sxestec ¥pPer; A &1eCHToN Sgam by
_potentials. Thheuelaictrastatizs fdeld.i bdh FIs.pref,ethle yuadruwpoliesil@nsof an

_asymmetrical fiie i the .quadrup .| i ' urn, is
preferably cr &4t lgg’rg%%e%‘g&oﬁ&sﬁegﬁlg% gﬁ‘%a?&?tq‘&r’%&%é(r?é’?‘%%‘] 8He or both
of the faci ngS@usingo@eNegatiives askiiomadd san ofe thed edeckrion beaged®-i bed in

detail herei nafigy -ne%ative astihat ISP TRt d ¢ Wnidh Rikendi ng

capability may be enpl.oyed in_el’ectron guns in general ut not limted to

the type descﬁ%’é@“&?&i\%‘ &d the heageJatnaspass Bvn & COTLRS Maime

quadr upol e | enseny.oviNifatasid B igHEtIdN Urr@ttiondfifs dhtasiduged whien

produced by the beam is positioned in the vicinity of the vertical.
center of the CRT screen in a COTY-type main lens. 1In
FIG. 4b, the quadrupole lens is vertically diverging and
horizontally converging for introducing a positive
astigmatism correction in the electron beam. Positive
astigmatism correction compensates for the negative
astigmatism of the electron beam spot caused by the
self-converging magnetic deflection yoke as the electron
beam is deflected adjacent to a lateral edge of the CRT’s
screen. Positive and'negative astigmatism correction is
applied to the electron beams in a COTY-type of CRT. 1In a
non~-COTY-type of CRT, only positive astigmatism is applied
in the electron beams. The manner in which the present
invention compensates for astigmatism in both types of
CRTs is discussed in detail below.

Operation of the dynamic quadrupole lens 20 for
an in-line color CRT as shown in FIG. 1 will now be
described with reference to Table I. Table I briefly
summarizes the effect of the electrostatic field of the
dynamic quadrupole lens 20 applied to an electron beam
directed through the lens. The electrostatic force
-appligd to the electrons in an electron beam by the
electrostatic field of the dynamic quadrupole lens is
shown in FIG. 5.

Referring to FIG. 5, there is shown a simplified
illustration of the manner in which an electrostatic
field, represented by the field vector E, applies a force,
represented by the force vector ?, to an electron. an
electrostatic field is formed between two charged
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CONVErygi g yoke. In still a broader context,
3 defis SRt HAPEQY RE kg&pns for electrically bending or
f n ~independent of its uper/Us9d/04556
Dt h%illl ml‘HuN ype of Iens I n the background of the
nade 5 t hree types of

'deV|ces ‘whi ch each credt® an asymmetrical field |n-the
-beamto divert it froma straight |ine

ctrodes, with the upper electrode charged to a voltage

of V, and the lower electrode charged to a voltage of

h VE. where V, 1s greater than V,. The electrostatic

" field vector E is dlrected toward the lower electrode,
while the force vector F is directed toward the upper
electrode because of the electron’s negative charge. FIG.
5 providés a simplified illustration of the electrostatic
force applied to an electron, or an electron bean,
directed through apertures in adjacent charged electrodes
which are maintained at different voltages. It can be
seen that the relative width of the two apertures in the
electrodes as well as the relative polarity of the two
electrodes determines whether the electron beam is
directed away from the A-A’ axis (divergence), or toward
the A-A’ axis (convergence).

With reference to FIG. 1 in combination with

Table I, the horizontal slots 28a, 32a in the first and

- third electrodes 28, 32 cause vertical divergence of the
electron beam when they are maintained at a voltage
greater than the second electrode 30 such as when the
electron beams are positioned adjacent to a lateral edge
of the CRT screen. With the second electrode 30
maintained at a lower voltage VF, than the other two
electrodes when the electron beams are located adjacent
the CRT screen’s lateral edge, as shown at point C in FIG.
2, the vertically aligned apertures of the second
electrode effect a horizontal convergence of the electron
beggs which reinforces the vertical divergence correction
of “the other two electrodes. This combination of vertical
divergenge and horizontal convergence of an electron beam
40 is shown in FIG. 4b and represents a positive
astigmatism correction which compensates for the negative
astigmatism introduced in the electron beam by the CRT’s
self-converging magnetic deflection yoke.

When the electron beams are positioned between

the center and a lateral edge of the CRT screen, all three
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- nRoOv1/0287s enpl oys' of fset- apertures, another an anglﬁ?‘rﬁisﬁﬁi gap,

and a third a wedge-shaped gap between the operative el ectrodes. cants_”i°
here provide a fourth way -- nanely, by thﬁ provision of an aperture N
pattern in one or nore of both of the facl 8 el ectrode(s) which is so

“shaped Tel ative to the aperture pattern in the facing el ectrode as to

create an asymtci:a:eakfpa&heae el Qsmaa%ﬂ?agéesﬁaoeﬁeaaya geeate an

asymmetrical fiel uencin asse tron beans.” Thus the beam
bender of thquF€§EEPan}SﬁF|8ﬁeﬁay°ﬁelﬁ§§ﬁdpﬁesGBEP?Fu?FoﬂSF69m§ﬁ§SBf t he
above three tppea @bchsasobesdeisni BadByraphl that edectronhbesmibey1ar e
di ver gence.  TREVSCEEL FRERY AR RRRe "EnEotEoaRe Ee cOLFo  RETAFRERR NS Rlissea
t hree types otheesampenddtageowheni thehelpctoonabeamns ahetpositionedeon
:?f:ilnéegg f'r eh! ¢drdiea?Ictheel’ BBreBn23ECEREY chE20cPB¥nChs ! BRSEN
graphically in FIG. 2 for the dynamic focus voltage
VF,,. In this case; because all three electrodes are
again maintained at the same voltage, the dynamic
quadrupole lens does not introduce a correction factor in
the electron beams to compensate for deflection yoke
astigmatism and defocusing effects. In COTY-type CRTs,
the dynamic focusing voltage VF, applied to the first
and third electrodes 28, 30 is less than the fixed voltage
VF, of the second electrode 30 in the vicinity of the
center ot the CRT screen. With the polarity of the
electrodes changed, the first and third electrodes 28, 32
introduce a vertical convergence in the electron beams as
shown in Table I. The second electrode 30, now at a
higher voltage than the other two electrodes, introduces a
horizontal divergence by virtue of its generally
vertically aligned apertures. The vertical convergence
effected by the first and third electrodes 28, 32 and the
horizontal divergence caused by the second electrode 30.
introduces a negative astigmatism correction in the
electron beams as shown in FIG. 4a. The negative
astigmatism correction compensates for the positive
astigmatism effects of a COTY-type main lens on the
electron beams in the center of the CRT screen.

-~  Although the first and third electrodes 28, 32
are each shown with a single elongated, generally
horizontally aligned aperture, the present invention also
contemplates providing each of these electrodes with a
plurality of spaced, aligned apertures each having a
horizontally oriented longitudinal axis and adapted to
pass a respective one of the electron beams. In addition,
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w1l n teh .
‘means

;general context, the invention may be thaught of as conprising
yo303i ng a beam of el ectrons, and beam bendi ng PERMUSI0L04556
produci Hgtap-asymetrical field in the path of the beamfor diverting the
‘beam f-rom:A#strai ght 1ine path. The beam i ng nmeans conprises at | east
two facing &Fectrodes adapted to recefve df fferent excitation potentials
and havi ng coaxi al beam passi ng openi ngs, at |east one of the openings

bei Rg Syn}ﬂet rwnﬂjdea‘bﬁétoﬁei‘hﬁﬁéh%f%ﬂi@@&rﬁeﬁt Dventsjonthas cethusbdat an

ort hogona ond agxis_t AR e

Such a bean1e§ﬁﬁﬂr géédﬁb?ﬁ tﬁ% gﬁéﬁgigcqég%v g%%zgéé%qéé i%f+ﬁed|t

in the off- axaﬁtbzaeteatﬂoapbegmngressamveng ovtbetveent erese 6Ye§0¥ of

the operativetﬁgc&ﬁ? gLpELH O et&yﬁ§H§8 %ﬁéafﬁﬁéﬂﬂtﬁeﬂé ﬁ&y apyeMpéri cal
a fu _

field to vary as nction o ol ta In a catipon to a
three bean1|%PPFﬁﬁlaﬁﬁdcBFgPr€Iﬁeﬂﬂvgﬁ@sﬂyﬁ%ﬁ?c 85n9%?§%%€e %ﬁ FERPR

vol t age beam source and cross over. The effect of the dynamlc
quadrupole lens on the electron beams is reversed in these

v

two arrangements as shown in Table I.

Referring to FIGS. 6 through 12, there are shown
various alternative embodiments of the dynamic quadrupcle
lens of the present invention. In the dynamic quadrupole
lens 50 of FIG. 6, the first and third electrodes 51 and
53 include respective elongated, generally rectangular
apertures 5la and 53a through which the three electron
beams are directed. The second electrode 52 includes a
plurality of spaced, generally rectangular shaped
apertures 52a, 52b and 52c. Each of the rectangular
apertures 52a, 52b and 52c is aligned lengthwise in a
generally vertical direction.

' The dynamic quadrupole lens 60 of FIG. 8 is
similar to that of FIG. 6 in that the first and third
electrodes 61 and 63 each include a respective
rectangular, horizontally oriented aperture 6la and 6€3a.
However, in the dynamic quadrupole lens 60 of FIG. 8, the
second electrode 62 includes three circular apertures 62a,
62b and 62c. Where circular apertures are employed, the
second electrode 62 will not function as a quadrupole lens
element, although the first and third electrodes 61 and 63
will_ continue to so operate. The three apertureé’GZa, 62b
and 62c may also be elliptically shaped with their major
axes oriented generally vertically, in which case the
second electrode 62 will function as a quadrupole lens
element to converge or diverge the electron beams, as the
case may be.

The dynamic quadrupole lens 55 of FIG. 7 is a
combination of the lenses shown in FIGS. 1 and 8 in that
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..-8- el . mnth t he deflectlon of the beantacross th .
- appli e&g{)ﬁé@ﬁ% all of the el ectrodes. Thus, EC?W@S#
~present inmvention involves dynam cally conpensating for astlgnatlsnta

béam focusing errors in an in-line, multi=¥¥am col or CRT without
i ntroducti on of convergence errors. . Anot her feature-of- the present

vention 1940 ROVICE & RSP | ont, GOnketd GG 4, vt ual Ty any
elliptically shaped, apertures 57a, 57b and 57c, while the
first and third electrodes 56 and 58 each include
respective elongated, horizontally oriented apertures 56a
and 58a. Each of the apertures 56a and 58a includes a
plurality of spaced enlarged portions through which a
respective one of the electron beams is directed. The
dynamic quadrupole lenses 65 and 70 respectively shown in
FIGS. 9 and 10 also include three spaced electrodes in
alignment with three electron beams, wherein the
electrodes include various combinations of apertures
previously described and illustrated. 1In FIG. 9, the
first and third electrodes 66 and 67 are each shown with a
plurality of spaced elongated apertures having their
longitudinal axes in common alignment with the in-line
electron beams.

Referring to FIG. 11; there is shown yet another
embodiment of a dynamic quadrupole lens 75 in accordance
with the principles of the present invention. The dynamic
quadrupole lens 75 includes first and third electrodes 76
and 78, which are each in the general form of an open .
frame through which the electron beams pass, and a second
electrode 77 having three spaced, generally vertically
oriented apertures through each of which a respective one 1
of the electron beams is directed. The first and third
electrodes 76 and 78 do not include an aperture through'
which electron beams are directed, or may be considered to
have an infinitely large aperture disposed within a
charged electrode. Any any rate, it has been found that
it is the dynamic focusing voltage applied to the first
and third electrodes 76 and 78 which functions in
combination with the charge on the second electrode 77,
and the apertures therein, to provide electron beam
convergence/divergence control in compensating for
electron beam astigmatism and defocusing. The dynamic
quadrupole lens 80 of FIG. 12 is similar to that shown in
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preC|se control of el-ectron beam conver gence/ di ver gence. Anot her
invention is to conpensate for the non-uniform

gi ng deflection yoke in a cqeyr/Usei/0a556
“'orlzontal and vertical divergence/ convergence of

: A still further feature of the present
a reductlon\JP%Tk?dynan1c focusi ng vol tage
ol-e el ectron bean1focusing l ens for a color CRT and

'i/?l Sl Hgdgl!ﬁ{é Q?h%\’ dA8Er&PPI A Ctld Ofeddridugh a

resent_ inventionis to
73 éteaeran asengenqpathY|ye@tﬁngﬁ%PEw&Ptﬁ%&?%e ) dynani c

: e =l kpe dyfirs€ and i gniadsm
¢ :satlon .“rhge iﬁ c§ﬁé9ﬁ?g§§§rggtgggha@vant&gif of the present
invention wil | dpssmicallydeharged siect¥edes 8l Yol | owi ng, det ai | ed

description of preferreaﬂgnagghﬂgatquaakepole LTeng UTSt operares ipcthe

d ik f i k
2?2ﬁgﬁ?2ylng follow ng manner. CIn® e&segetfgéréﬁ&eréhédﬁéébﬁd i ke

electrode 77 will be at a higher voltage than the first
and third electrodes 76, 78 when the electron beams are
.positioned near the center of the CRT screen. The second
electrode 77 will thus cause a horizontal divergence
resulting in a negative astigmatism correction as shown in
FIG. 4a. The first and third electrodes 76, 78 cause a
vertical convergence of the electron beams to further
effect negative astigmatism correction. When the electron
beams are adjacent to a lateral edge of the CRT screen,
the second electrode 77 will be at a lower voltage than
the first and third electrodes 76, 78 resulting in
horizontal convergence and vertical divergence of the
electron beams as shown in Table I and as illustrated in
FIG. 4b as a posxtlve astigmatism correction. Thus,
electron beam astlgmatlsm and defocusing are corrected for
by the dynamic quadrupole lenses of FIGS. 11 and 12,
although the compensating effects of this electrode
arrangement are not as great as in the previously
discussed embodiments wherein all three electrodes are
provided with apertures.

Referring to FIG. 13a, there is shown a
conventional bipotential type main lens (ML) electron gun
90.~ The bipotential type ML electron gun 90 includes a
cathode Ik which provides electrons to the combination of a
control grid electrode G1, a screen grid electrode G2, 2
first accelerating and focusing electrode G3, and a second
accelerating and focusing electrode G4. A focusing
voltage VF, is applied to the first accelerating and
focusing electrode G3, and an accelerating voltage Vi es
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throughout the various figures, in which: FIG 1 is a perspec

Vi ew ofyorerdeadysi ¢ quadrupol e lens for an in-line col or CRPCIMUS0704556NC.
. With the principles of the present invention; . FIG 2 is a grap

representation of the variation over tingygl the dynam c voltage appl i ed to '
- the -quadrupol e | ens of the present |nvent|on '

- -0- FIG 3 is asinplified planar view of a phosphor
- applied to the second accelerating and focusing electrode

G4.

FIG. 13b shows the manner in which a dynamic
quadrupole lens 92 may be incorporated in a conventional
bipotential type ML electron gun. The dynamic quadrupcle
lens 92 includes adjacent plates of a G3i electrode and
a G3; electrode to which a dynamic focusing voltage VF2
is applied. The dynamic gquadrupole lens 92 further
includes a G3, electrode, or grid, which is maintained
at a fixed voltage VF1. The cathode as well as various
other control grids which are illustrated in FIG. 13a have
been omitted from FIG. 13b, as well as the remaining
figures, for simplicity. Thus, a bipotential type ML
electron gun may be converted to an electron gun employing
the dynamic quadrupole lens of the. present invention by
separating its first accelerating and focusing electrode
G3 into two components and inserting a third fixed voltage
electrode Gaz'between the two accelerating and focusing
electrode components G3; and G3,.

Referring to FIG. l4a, there is shown a
conventional Einzel-type ML electron gun 94 which includes
G3, G4 and G5 accelerating and focusing electrodes.

Referring to FIG. 14b, there is shown the manner
in which a dynamic quadrupole lens 96 in accordance with
the present invention may be incorporated in a
conventidnal Einzel-type ML electron gun. In the electron
gun arrangement of FIG. 14b, the G4 electrode is divided
into two lens components G4, and G4;, and a third
focusing electrode G4, is inserted between the adjacent
charged plates of the G4, and G4; electrodes. A fixed
focus voltage VF1 is applied to the G4, electrode, while
a dynamic focus voltage VF2 is applied to the G4; and
G4; electrodes. The dynamic quadrupole lens 96 within
the Einzel-type ML electron gun thus includes adjacent
charged plates of the G4, and G4; accelerating and

focusing electrodes in combination with an intermediate
sttt
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_!scréeh on the inneT‘§UTT5€€_6?—5_Eﬁ?’QIass faceplate illustrating various
def L,eoth ®on posi ti onsTgé sHehidlacBeecRepiredbeans t hereon; FI GS. 4a and

. 4b are sectional vie | n beamrespectively illustratin
Loverti caWQBH@%?@gnCeyva'mugml‘ﬁ“ﬂ“\mr gence (negative asti gM/Eﬁ?‘Hﬂ?ﬁét)
‘and vertical divergen ontal convergence (positive astigmatism
effect) effected by the dynam c quadr ¢pot e-gdasns of the present invention;

FIG 5is asinplified sectional viewillustrating the electrostatic

potential lines and electrostatic force applied to an electron in the space
between two clifegdlegtadeadiich is maintmiged @t i digedi Laqusustrate
addi ti onal enbashtge syef, a dynam c quadrupole lens for focusing a

plurality of electron heaps inh an in-line color CRT in accordance with the
princi ples of the presdtRIgTRid it FIG. 15a, thexe isyshawh fsp

respectively iddnventticha®l QPP Qpe/ iMVeldctd-dif ijin ¥, bR QHF dypge/pm M
el ectron Tocusingd 808 ANY dd' TS 'dh i d1° VWl s
electrodes. A fixed focus voltage VF is applied to the G3
and G5 electrodes.

FIG. 15b illustrates the manner in which a
dynamic quadrupole lens 100 in accordance with the present
“invention may be incorporated in the G4 electrode of a QPF
type ML electron gun. In the arrangement of FIG. 15b, the
G4 electrode is comprised of G4,, G4, and G4;
electrodes. The G2 and G4, electrodes are maintained at
a voltage VG2; while the G4, and G4; electrodes are
maintained at a voltage VG2,. The.VG2, voltage is
fixed, while the VG2, voltage varies synchronously with
electron beam sweep across the CRT screen.

Referring to FIG. 15c, there is shown the manner
in which a dynamic quadrupole lens 102 in accordance with
the present.invention may be incorporated in the G5
electrode of a conventional QPF type ML electron gun. In
the arrangement of FIG. 15c, the G5 accelerating and
focusing electrode of a conventional QPF type ML electron
gun has been divided into three control electrodes GS5,,
G5, and ' G5;. A fixed focus voltage VF1 is applied to
the G3 and G5, electrodes, while a dynamic focus voltage
VF2 is applied to the G5, and G5; electrodes. A VG2
voltage is applied to the G2 and G4 electrodes. The
dynaiic guadrupole lens 102 is comprised of the G5,
electrode in combination with the adjacent plates of the
G5; and G5; electrodes. 1In FIG. 15d, the G3 electrode
is shown coupled to the VF2 focus voltage rather than the
VF1l focus voltage as in FIG. 15c. In the arrangement of
FIG. 15d, two spatially separated gquadrupoles each apply
an astigﬂatism correction to the electron beams. A first
quadrupole is comprised of the upper plate of the G3
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. ~guadru lLens. of the présent I nvention may be incorporat i e
- prior a bﬁgfggﬁ?on beam f ocusi ng | ens; FIGS. 1l4a gﬁﬁ’ﬁﬂgﬂﬁﬂﬁeare .
© sectionals-views of a prior art Elnzel-type M. el ectron focusing | ens and

- the same focusing | ens design incorporatinmg2a dynani ¢ quadrupole lens in
;.accordance with the present invention, respectively; FI GS. 15a,

15b,. 15¢ and 15d res ectivel |IIustrate sectional views of a prior, art
QPF-type M. ??Bﬂ ¢ octie ntoverspiahe: AfeEheeFon o AL eGHTOHEN gnéfégﬁype ML

| ens |ncorporGﬂ|e@eetﬂa@enatsﬁw@ddUﬁnérebeﬁween.ac@oagaamécmfbhushe present

eent e vaeene VR 1 Bralioda shciBicHa chs, whoks e sectiona
electrodes. The second quadrupole is comprised of the
upper plate of the G5, electrode, the lower plate of the
G5; electrode, and the G5, electrode disposed
therebetween. The G5; and G6é electrodes form an
electron beam focusing region, while the combination of
electrodes G2 and G3 provide a convergence correction for
the two outer electron beams as the beams are swept across
the CRT screen with changes in the electron beam focus
voltage. This is commonly referred to as a FRAT (focus
refraction alignment test) lens.

Referring to FIG. 16, there is shown a
conventional BU type ML electron gun 104. The BU type ML
electron gun 104 includeé G3, G4, G5 and Gé6 electrodes.
An anode voltage VA is applied to the G4 and G6
electrodes, while a dynamic focus voltage VF is applied to
the G3 and G5 electrodes.

FIG. 16b shows the manner in which a dynamic
quadrupole lens 106 in accordance with the present
invention may be incorporated in a conventional BU type ML
electron gun. The G5 electrode of the prior art BU type
ML electron gun is reduced to two electrodes G5; and
G5; with a third electrode G5, inserted therebetween.

The dynanic quadrupole lens 106 thus is comprised of
adjacent plates of the G5; and G5; electrodes in
combination with the G5, electrode. A fixed focus
voltage VF1 is applied to the G3 and G5, electrodes,
while-the anode voltage VA is applied to the G4 and Gé6
electrodes. A dynamic focusing voltage VF, is applied
to the G5, and G5; electrodes in the electron gun.

A further preferred embodiment of the invention
is disclosed in FIGS. 17-20. Referring to FIG. 17, there
is shown a perspective view of a dynamic quadrupole lens
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-10- | ens and the sanme type of electron focusing | ens incorporating the
i nventiwe«dynam ¢ quadrupol e I ens of the present i nventi on; Fl G

17 i S a perspective view of an el ectron bean1n1sconvergence ﬁg&hh%%ﬁ
arr angend® 91/023%cor dance with the present.invention as enpf%ﬁz

dynamsc quadrupole lens for an in-line color CRT; _ FIG 18 is a
| engt hwi se sectional view of an el ectron*bea23® sconvergence correction
arrangenent as shown in FIG 17, FIG 19 is a plan view of an

offset keyhol e el ectrode design for use in an in-line nulti-e Iect%&& beam
120 for use in an in-line electron gun in a colo

incorporating a second electrode 130 in accordance with
the present invention. The dynamic quadrupole lens 120
includes first, second and third electrodes 128, 130 and
132 arranged in mutual alignment. The first electrode 128
includes an elongated aperture l28a extending a
substantial portion of the length of the electrode.
Disposed along the length of the aperture 128a in a spaced
manner are three openings in the form of enlarged portions
of the aperture. As in the case of the first electrode
128, the third electrode 132 also includes an elongated
aperture 132a extending along a substantial portion of the
length thereof and including three spaced openings in the
form of enlarged portions of the aperture 1l32a. The first
and third electrodes 128 and 132 are aligned so that
first, second and third electron beams 122, 124 and 126
respectively transit the corresponding enlarged portions
of the elongated apertures 128a and 132a within the first
and third electrodes. The first and third electrodes 128,
132 are coupled to a variable voltage source 136 for
applying a dynamic voltage VF, to these electrodes.

The second electrode 130 is disposed intermediate
the first and third electrodes 128, 132 and includes three
keyhole-shaped apertures 130a, 130b and 130c arranged in a
spaced manner along the length of the electrode. Each of
the aforementioned keyhole-shaped apertures 130a, 130b and
130c has a longitudinal axis which is aligned generally
vertlcally as shown in FIG. 17, or generally transverse to
the longitudinal axes of the apertures in the first and
third electrodes 128 and 132. With the first, second and
third electrodes 128, 130 and 132 arranged generally
parallel in a linear alignment, the respective apertures
of the electrodes are adapted to allow the transit of the
three electron beams 122, 124 and 126, each shown in the
figure as a dashed line. The second electrode 30 is
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. focusi Wo®I/eBEEMENt in an electron gun in accordance W t hpd YS90 AASEE
~invention; FIG 20 is an end-on view of the focusing electrod

f_FLG. 19; .»  . - FIG 21is a perspectiv§é¥leM/of an el ectron beam .
©.m sconvergence correction arrangenent incofporating generally circular,
“'notched outer apertures in a center electrode in accordance w th another -

enbodi nent of célipleacesnh EoNELAhEWoltage soured 174 AKdaid! Ravyed €6
" anot her enbodyngnt gf ag e#ec rode in accordance with the present
i nvention, whBr&*¥R8 BPERRFHAL V¥Es:a hi gher voltage than an adj acent

focusing el ectrode;  Referrifg(aldd t6 PIGShemmtandi20psadaitdonal a
el sotron beandshrbte) BE, Fhalpeooa, sotktoas THa WidhreSidettirtn: “and
FIG 24 is a asppttfofdthiseinventiiongwibl ofowcbe adestribedbodEacmtobf t he
present. ingvteﬂghe NeRBEE CkOyRB1 8SYARBLA ' §pliflifes OIPORNEM 365 408 ™BS0LYin
the second electrode 130 includes an enlarged center
portion through which a respective one of the electron
beams is directed. As shown in the figures, the two outer
keyhole-shaped apertures 130a and 130c are provided with
respective opening profile distortions or opening
enlargements in the form of notches 130d and 130e on inner
portions thereof and are in the general form of an offset
keyhole. The opening enlargements (here notches) 130d and
130e in the offset keyhole-shaped apertures 130a and 130c
unbalance the horizontal focusing strength of the two
outer offset Keyholes to produce an asymmetrical field
component having a refraction lens effect, where the
strength of the refraction lens on the two outer electron
beams is proportional to the dynamic drive voltage V,y,
applied to the first and third electrodes 128 and 132.

The refraction lens effect of the notched inner portions
of the two outer keyhole-shaped apertures 130a and 130c
moves the outer (here red and blue) electron beams
inwardly or outwardly along the horizontal direction
across the CRT’s faceplate to reduce or cancel the dynaﬁic
outer beam miscohvergence effect caused by the use of a
common focusing field for all three beams. The outer
electron beams are horizontally displaced either inwardly
or outwardly depending upon the voltages on the first and
third electrodes 128 and 132 relative to the voltage of
the second electrode 130.

Referring to FIG. 18, there is shown a sectional
view of the arrangement of FIG. 17 including a quadrupole
focusing typre main lens (ML) electron gun 140
incorporating the focusing electrode 130 of the present
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outer beam apertures in—a—pait of adjacent f.ocusing electrodes mai nt ai ned
at- dhﬂferent vol t ages. asBanmﬁﬁ%errlng to FIG 1, there is shown a

his Sheet Hi _ : :
perspectkve vi ew of upole lens 20 for use i p
e g s IERTR P e, oo i s
" quadrwupol e | ens of t ntion may be integrated into various

exi sting electron gun arrangenents is'i*t @8trated in FIGS. 13a and 13b
t hrough 16a and 16b,

invention. 1In the arrangement of FIG. 18, the first,
second and third electrodes 128, 130 and 132 form a
dynamlc quadrupole to compensate for electron beam
astigmatism and defocusing caused by the electron beam
deflection yoke. A fixed focuszng voltage V;,; is

applied to the second electrode 130 while a dynamic
focusing voltage V;,+Vpyy as applied to the first and
third electrodes 128 and 132. A cathode K emits electrons
which are controlled by various grids including a screen
grid electrode G2. The electrons are then directed to a
first accelerating and focusing electrode G3. The G3
electrode is comprised of a G3 lower section, a G3 upper
section, and the aforementioned dynamic quadrupole region
disposed therebetween. The respective apertures 1l28a,
130a and 132a in the first, second.and third electrodes
128, 130 and 132 are aligned to allow the transit of each
of the three electron beams as discussed above and shown
in FIG. 17. A second accelerating and focusing electrode
G4 is disposed adjacent to the G3 upper portion, with a
COTY-type main lens (ML) dynamic focus region (or stage)
'formed by the G3 and G4 electrodes.

While a second electrode 130 having a pair of
outer keyhole-shaped apertures 130a and 130c each with an
inner notch is disclosed and illustrated herein as forming
a portion of a dynamic quadrupole electron beam focusing
lens, as noted above, the opening profile distortion
feature of the present invention is not limited to use in
a dynamic quadrupole lens and may be used simply by itself
in virtually any type of conventional electron gun. Even
when not used in a dynamic quadrupole lens, the offset
keyhole design of the inventive focusing electrode 130
exerts a refractive lens effect on the off-axis (outer)
electron beams, with the strength of the refraction
(asymmetrical) lens being proportional to the dynanic
focusing voltage applied to the main lens focusing stage,
to horizontally displace the outer (here red and blue)
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and is described in detail below Various alternative enbodi nents of t'””

dynam avQWa23®l e | ens of the present invention are i 11 VIS Tog 20 £ C 1Y/ P SE(L

10 through 16 and are discussed bel ow. Details of the enbodi ment of t e

. dynanmic quadrupole lens 20 illustrated infd G 1 are discussed.in the
fol | on ng paragraphs, with the principles of the present invention covered

in this discussion applicable to each of the various enbodi nents

Al ust{alg ed lbetaﬁsﬁ%to g M ydaukbe o?‘%a@‘lfdéie%é IRy RAfm i ﬁwfﬂl%élsed ]EO .
correct for as R |sn1|n el ect.ran. guns a ocu3|ng ie

conmon to al ' ﬁﬁ%é‘ L%g?efg‘ g‘@iﬁwﬁ‘i‘ﬁé’d M i Poke (COTY)
CRTs, as wel When mot @ﬁbﬂo@?ﬂs ias ad@mdﬁmbl@lal\ecbﬁrombéanyrﬁammd ens is

used in an i e e e r I have
a |l arger verp‘lécda Iéelr?s%'%%e sha?é}%gcql%c’%ﬁ&r%% dﬁ.% g’es%(&spg{c{eeqiﬂr%sq be Shai n
lens for inplare@isdawes and Hpparekectsiots poidionsgr mithathe fixst are

used int erchwmeaﬁiﬂfa el Al d LW I, Ci:i?: from such!¥ G1¥ron
guadr upol e | 20 i ncl.udes first, secon thitd el ectrodes 28, 30 and
32 arranged i focu51ng arrangement.

FIG. 21 is a perspective view of another
embodiment of an electron beam misconvergence correction
arrangement 150 including first, second and third
electrodes 152, 154 and 156. The second (middle)

- electrode 154 includes three generally circular spaced

- apertures 154a, 154b and 154c. The outer two apertures
154a and 154c include respective inwardly opening
enlargements in the form of directed notches 1544 and
154e. These notches provide an unbalanced horizontal
focusing field to produce the refraction lens effect,
where the strength of the refraction lens on the two outer
electron beams is proportional to the dynamic drive
voltage applied to the first and third electrodes 152 and
156. This electrode 160 is introduced for use in a lens
arrangement wherein it receives the higher applied
potential.

Referring to FIG. 22, there is shown a plén view

- of an electrode 160 in accordance with another embodiment
of the present invention. The electrode 160 is adapted
for use in a dual gquadrupole electron beam focusing
arrangement as described above for the first and third
electrodes, where the first and third electrodes are
maintained at a higher voltage than a second, middle
electrode. A dynamic focusing voltage is applied to the
electrode 160 which includes an elongated aperture 162
therein. As in previocus embodiments, the elongated
aperture 162 is provided with a plurality of spaced
beam-passing openings in the form of openings (enlarged
portions) 162a, 162b and 162c along the iength thereof.

g sy L3,
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mutual alignment. The first electrode 28 includes an el ongated aperture 28a
extendi ;g a substantial portion of the length of the el ectrode. D sposed

al ong of tThia:SheeeHk Beea REed N a spaced nmanner ar ' rged
'8 g AR’ ° v/ Ris86/08846°

portio apertu e second el ectrode 30 includes ree
---keyhol e- shaped apert ur .
r ; |

. d 30c arranged in a spaced nanner al ong
the length of the elec nthe 't38d~of the first electrode 28, the
‘'third el ectrode 32 includes an el ongated aperture 32a extending al ong a

o ar g oo B Aeketon Hean dd Uireeed ARoughCedthds' UheC oBRAIRYs
162a, 162b and 162c along the length of the elongated
aperture 162 in the electrode 160. With the electrode 160
maintained at a higher voltage than an adjacent, middle
electrode (not shown), the elongated aperture 162 is
provided with a pair of extensions 162e and 162d, each at
a respective end of the elongated aperture 162. The end
extensions 162e and 162d of the elongated aperture 162
provide an unbalanced horizontal focusing field effect on
the two outer electron beams to correct the
focus~convergence interaction between the red and blue
beams arising from changes in the magnitude of the dynamic
focus voltage. The difference between electrode 160 and
previously described embodiments is in the width (or
height) of the extensions 162e and.162d relative to the
width of the elongated aperture 162. In a preferred
embodiment of electrode 160, the extensions 162e, 162d
each have a width of Y = 0.115 mil, while the width of
aperture 162 is 0.065 mil. The greater widths of the
extensions 162d, 162e on each end of the elongated
aperture 162 weakens the electrostatic field exerted on
the two outer electron beams allowing for reduced outer
electron beam deflection in correcting the
focus-convergence interaction arising from changes in the
focus voltage.

As suggested above, the present invention can be
viewed in a broad context as providing means for
electrically refracting or bending an electron beam in
various applications in electron guns not limited to the
preferred embodiments described above. FIG. 23 is a
schematic illustration of the use of a focusing lens
structure in a three-beam in-line gun in which the outer
beams are electrically converged by use of the present
invention. Specifically, FIG. 23 illustrates a pair of
facing electrodes 170, 172 for converging three electron
beams 174, 176 and 178. Electrode 170 has apertures 180,
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-12- wa’d(‘é"ﬂ"éﬁtloned keyhol e-shaped apertures 30a, 30b afir*4b27HYESS6

~ longitudinal axis which is aligned generally vertically as showt in Fi .
~or generally transverse to the |ongitudim®®= axes of the apertures in the-
first and third electrodes 28 and 32. Wth the first, second, and third

oot otes By b AT AN Aok R e L LA B0, aII(.)\.N

the transit Jmfo tin e&d"ﬁicmrttr (!ldmmuﬂeZ2.724 maﬂqomcﬂwzmdaptée figure

as a dashedy nst ant
vol t age sourcer% e:n i% argéﬂﬁﬁg ‘fél gcﬁt%q}ecﬁ ﬁﬁ’@%ﬂ@?té%al?larst
and third ellétta:din#QS'-O @%@me@@twﬁw&h%% Rftenkakource 36 for
applying a dynam ¢ Vol &offdaride WIRSP S Preidie iAentldR, "tRet age”

electrode 172 receiving the relatively lower potential has
an aperture pattern so configured so as to create _
symmetrical field components for the outer beams 174, 178
which have the effect of bending or refracting the outer
beams 174, 178 toward a distant common point.

As explained in more detail and claimed in our
co-pending application, serial No. (DF-6269), a dynamic
voltage may be applied to one or both of the electrodes
170, 172 to cause the beam convergence angle toc vary as a
function of beam deflection. .

In accordance with the present invention, the
asymmetrical field component acting upon the outer beams
174, 178 is produced by enlarging the apertures 186, 190
in a direction toward the center aperture 188. The
opening enlargements are shown as taking the form of
rounded protuberances 192, 194, respectively, in the
profile of the apertures 186, 190. Many other opening
distortion geometries may be utilized in accordance with
the present invention, dependent upon the nature and
degree of unbalancing of the fields on the outer beams
which is desired.

FIG. 24 illustrates yet another embodiment of the
present invention wherein the asymmetrical field component
is formed by distorting the openings for the outer beams
in both electrode 196 receiving a relatively higher
voltaég and electrode 198 receiving a relatively lower
voltage. Specifically, the electrode 196 has outer beam
passing openings 200, 202 which have opening enlargements
204, 206 extending outwardly away from the center beam
opening 208. The electrode 198 adapted to receive the
lower potential has outer beam apertures 210 and 212

|
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and "poiéntial? are used i nt erchangeably in the foll ow ng discussion. The

- presgntditivention is described in detail in the follow ng paragraphs wth
the dynagese st atic voltages applied as indicated, althopgh/{/860/04556
- principles 0 I's invention al so enconpass applying a dynam c voltage to

the sectond internediate el ectrode 30 while_pgintaining the first ‘and third
el ectrodes 28, 32 at a fixed voltage. * * **° Referring to FIG 2, there
" is shown a graphic representation of the relative voltages at which the

second el ectr a f LI | egt kO 8 r
mai nt ai ned ovgg§¥?§3.8 ehgﬁgmﬁh?%rgﬁﬂfﬁg% ?%g’vg§ér9£§sgl?ggén?sfﬂg?ﬁ?%Yned_
at a constant %avasd Ghel eenkervbpanmr ppeninggaléari Bhej KIG- pédi odi ¢ manner

with electron bpBausHeRR- i118sERAERE tRa¥hbpbnile ¥hiadyemehesvamhyape
varies with electiggagean1smeep can_ b g§§£géned w_t h refereﬁge to FIG 3

which is a sinfpPP pFHnQPtPiERPohlgh geppatdeleyerVPhGREe

phosphor esci ngetecteoda8 as weili aseinsdithee aloneoandThhatlythese focusing

beri od o mannoePhBtnEcRhiaroRRRhyE dpkcabPuBs  KRERSER £drma VoI oS 10 2

While particular embodiments of the present

invention have been shown and described, it will be
obvious to those skilled in the art that changes and
modifications may be made without departing from the
invention in its broader aspects. For example, while the
pPresent invention has been described as applying a dynamic
voltage to first and third electrodes and a fixed voltage
to a second electrode spaced therebetween, this invention
also contemplates applying a dynamic voltage to the second
electrode while maintaining the spaced first and third
electrodes at a fixed voltage. Therefore, the aim in the
appended claims is to cover all such changes and
modifications as fall within the true spirit and scope of
the invertion. The matter set forth in the foregoing
description and accompanying drawings is offered by way of
illustration only and not as a limitation. The actual
scope of the invention is intended to be defined in the
following claims when viewed in their proper perspecéive
based on the prior art.
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WQP1/823%3 poi nt A corresponds to the el ectron beans PﬁféUSN!ﬁﬁi‘af ong

-a verticalvcenterline of the CRT screen 38 such as shown at point A"

maxi mum val ue at point C-as shown in FIG 2. The nini.nmum
"el ectron beans are defl ected horizonta

el ectron beans are further

~vicinity of
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: z cus. voltage VF[err] as shown at point
,,B i -...G 2 Furt her taigélea%hl B, RELDE €l ectron beans toward the right edge

. ;of the’ Wb sivosy 38 urs as the dynam c focuscyaldspgrisss 2
sincreases to its rramamﬂﬁm H@I &I nt Cin FIG 3 which is greater-than
“VF[ere#]. The dynam c n.decLgases to the value of the fixed
“focus voltage VF[err] as the electron beans are deflected leftward in FIG

3 toward point B which is intermediate the center and lateral edge
| ocations on the CRT screen 38. The dynagimBIMS!|tage VF[err] varies relative

to the fixed voltage VE[erﬁ]choQ ééghgﬁgFgggngﬁPghggver t é@g#ﬁog beamsO

are deflected to the | &t Of —pornt hal f
the CRT screefelow tube witbr aCRosphorescreenn said systemsinaiduding ahe

QOTY type, thenduaabiean 0ans)vak! §a8 farvaszefémi Sapé' sefbénmanea Guh

does not go beIOM/the fi'xéd focusvol tage VF[err Thi s t% pe of dynam c
f ocus vol t age € PQBEEQdCVFPQPF]mPﬁnFIEPdeaﬁHs eRFMEans E8Fted line form

therein. The developingcusceatb@iBent anfl twd batébepéanstanadtobird

el ectrodes 28fd§%i%§n%g2%20¥32¥sed electron beam spots at the screen of
the tube, and electrostatic guadrupole-develOping means
configured and arranged to develop a horizontally
unbalanced quadrupole field in the path of each of said
outer beams when appropriately excited, and system signal
generating means for developing a signal having amplitude
variations correlated with the scan of the beams across
the screen and for applying said signal to said
electrostatic quadrupole-developing means to cause said
beams to converge and diverge as a function of the
strength of said signal.

2. The system of claim 1 wherein sald
quadrupolé-developlng means includes electrode means
having outer beam apertures shaped to create
field-strength-dependent asymmetrical outer beam fields
whose strength varies as said signal varies.

3. The system of claim 1, wherein said
developing means includes at least two facing electrodes,
one adapted to receive a relatively higher excitation
potential and the other a relatively lower excitation
potential, and including respective openings each having a
profile which interacts with an opening in a facing
electrode such as to create a quadrupolar field
therebetween when different excitation potentials are
applied to said facing electrodes, a first one of said
electrodes having a center opening and two outer openings
arranged in a line along an electrode axis extending
orthogonal to the gun axis, said outer openings having
profile distortions which are symmetrical about said.
electrode axis and a vertical axis through the center

1
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the el S¥OAIPBEm so verge or diverge the RERFUSSON4$88aNT,

- dependi ng>upon their e CRT screen, in correcting for

defl ection yoke-produ n1and-hean1defocu3|ng effects as-
descri‘bed below. Referrlng to FIGS. 4a and 4b, there is shown the
manner in which the spot of an el ectron beam 40 nay be controlled by the
el ect r ost at | @PeTéERgeof but gasymmetricaknaboTheraspedtive veckicak axiis4b

i ndi cate thethrough the outer openings to create asymmetrical outer
bean fields.

4. The system of claim 3 wherein said dynamic
quadrupolar lens is of the unpotential type comprising
three electrodes, and wherein said first one of said
electrodes is the center electrode.

5. A three-beam in-line electron gun system for
a color cathode ray tube having a screen and a
self-converging yoke which imparts an undesirable

with the deflection mlggeepﬁgs Eﬂqﬂﬁc hange the quadrupol é fields applied to

astigmatism to the beams in off-center regions of the
Screen, said system including an electron beam source for
developing three electron beams, focusing means for
focusing said three electron beams at the screen of the
tube, said focusing means being so constructed and
arranged that changes in focusing field strength
undesirably alter beam convergence, correcting lens means
located within or coupled to said focusing means for
developing an astigmatic field component in the path of
each of said beams when said lens means is appropriately
excited, and means for modulating the strength of said
astigmatic field component as a function of beam
deflection angle to at least partially compensate for said
~ yoke-induced astigmatism in said off-center regions of the
Screen, said modulating of said astigmatic field component
also modulating said focusing field strength and
undesirably creating errors in the convergence of said
beams, said correcting lens means including electrode
means;paving a beam passing opening patterh shaped to
Create asymmetrical outer beam fields'effective to at
least partially compensate for said deflection-related
beam convergence errors.
6. The system of claim 5 wherein said correcting
lens means comprises a dynamic quadrupole lens of the
unipotential type comprising first, center and third
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-14- direction OF_LDQ_LQLQes_exeLLed upon an el ectron beam by the

elegtrostatic field. In FIG 4a o e&quadrupolelens i's horlzontally
~di ver gi ngogidoagst i cdhis hee €ausing a negative asti BORLUSIOY 556 he
" tel ectron beam 40. This gnatlsnlcorrects for the positive

-astigmati smof the bea CORX_type main lens. Negative
astigmatismcorrection 1s |ntroduced mhen **he beamis positioned in the
vicinity of the vertical center of the CRT screen in a COTY-type main |ens.

In FIG 4b, the quadrupol e frRNsystenCiolfl ¢ahlin @ wheteis %addh&éhl-.&ﬂ't all'y
convergi ng for |ntrodUC|ng a positive astigmati n1corre %Féhthén
negative

el ectron beamedssEHadR: 15 AARRRES: Foc FecedveoR é'n?
asti gmati sm ofgailée falreti ra0id bﬂﬁm& pllectaddies, bﬁnﬁh@hmletncsa\iar g:lenger

rmonety | O S o D RN R pplhaeail o
correction |sarranged in a line along an electrode axis orthogonal to
~"the gun axis, said outer openings having profile
distortions which are symmetrical about said electrode
axis and a vertical axis through the center opening, but
asymmetrical about respective vertical axis through the
outer openings. '

8. The system of claim 7 wherein said aperture
distortions each take the form of a notch extending
inwardly toward said center aperture.

9. A three-beam in-line color CRT electron gun
including an electron lens for influencing said electron
beams, including at least two facing electrodes, a first
electrode being adapted to receive a relatively higher
excitation potential and a second electrode a relatively
lower excitation potential, at least one of said
electrodes having a center opening and two outer openings
arranged in line along an electrode axis orthogonal to the
gun axis, said outer apertures having profile distortions
which are symmetrical about said electrode axis and a
vertical axis through the center opening, but asymmetrical
about respective vertical axis through the outer openings.

10. A three-beam in-line electron gun for a
color cathode ray tube, including means for generating
three beams of electrons aligned in a common plane - a
centér beam and two outer beams, and beam bending means
for producing asymmetrical fields in the paths of said
outer.beams for diverting said outer beams from respective
straight line paths toward a common point of convergence,
comprising at least two facing electrodes, a first
electrode being adapted to receive a relatively higher
excitation potential and a second electrode a relatively
lower excitation potential, at least one of said
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;applled to the el ectron beams in a COTY-type of CRT. In a non-COTY-type of
Qﬁﬁﬁl ve ThisShgrifes BeamReglacadpl i ed i n the el ectron pegmesoorosssganner
in mhlch t I”ﬁbﬂ“

_ resent ensates for astigmatismin both types of
CRTs is dlscussed in L_Operation of the dynam c
quadrupol e | ens 20 for an |n- |ne coI Cﬁﬁ s shown in FIG 1 will now be

described with reference to Table I. Table | briefly summari zes the effect

of the el ect gpgtptbleki ﬁhqlﬁé ahﬁeﬂgae%ﬁeﬂmﬁer HRE W Butdr apPpenfAgEo an

el ectron beam directed throu ectrQstatla;force applied to
t he electron§rFﬁnﬁﬁdeF§ciﬁﬁﬁ Béaﬁ9b§ntﬁée€F€E§Fo§P§h49q§ ¥t he dynani c

quadr upol e Ieﬁanbgoﬁam\M&ol RhE! Gundaxis, saiq Batekr lcujaﬂmd“é Ghavinghere is
shown a sinplified.

r on o nmanner h static
field, repreggﬁPéﬂgbglfigr%FQP& E&Fg age §BEFF§§Wg5@brce reprégented by
the force veenectEpdéohamlebathaoaxlénaaaeatvestauaifaxisithr¢%ghe§he

between two ghgtged opening, but asymmetrical about respective vertical
axis through the outer openings to thereby produce said
asymmetrical fields for said outer beams.
| 11. The electron gun of claim 10 wherein said
one electrode is said electrode adapted to receive said
lower potential and its outer beam openings have said
opening distortion in the form of an opening enlargement
extending inwardly towards said center opening.

12. The electron gun of claim 10 wherein said
one of said electrodes is said electrode adapted to
receive said higher potential and its outer beam openings
have said opening distortion in the form of an opening
enlargement extending outwardly away from said center
opening.

13. In a three-beam in-line electron gun system
for a color cathode ray tube having a screen and a
self-converging yoke which imparts an undesirable
astigmatism to the beams in off-centér regions of the
screen, apparatus including an electron beam source for
developing three electron beams, focusing means for
focusing said three electron beams at the screen of the
tube, said focusing means being so constructed and
arranged that changes in focusing field strength
undesirably alter beam convergence, correcting lens means
located within or coupled to said focusing means for
developing an astigmatic field component in the path of
each of said beams when said lens means is appropriately
excited, and means for modulating the strength of said
astigmatic field component as a function of beam
deflection angle to at least partially compensate for said
yoke-induced astigmatism in said off-center regions of the

* C L M S *

SUBSTITUTE SH EET THIS SHEET HAS BEEN

REPLACED




- -15- eIectrodeé,—ﬁfrh—rﬁé’ﬁﬁﬁé?_ETEEtrode charged to a voltage of V[err]
~and, t me®l oner el ectr gggsrbiatagBénReplmed/ol t age of V[err], where V[err] is

K greater r]. T I ) ic field vector E is di ggigg : d
- the Iome‘&aaiéﬁs%de, ﬂ\g\m . - viector F is directed t‘; _ P‘h’gg%per

- el ectrode because of t I n's negative charge. FIG ‘5 provides a :
sinmplified illustration of the el ectrostarf&=force applied to an el ectron,

or an el ectron beam -
screen, said modulating of said astigmatic field component
also modulating said focusing fields strength and
undesirably creating errors in the convergence of said
beams, said correcting lens means including means for
unbalancing the outer beam astigmatic field component such
as to cause said outer beams to converge or diverge as a
function of the strength of said astigmatic field
components for at least partially compensating for said
deflecticn-related beam convergence errors.

14. The electron gun of claim 13 wherein said
means for unbalancing comprises a distortion in the
profile of one or both of associated coaxial beam-passing
openings in said facing electrodes. '

15. For use in a color cathode ray tube system
having a color tube with a cathodoluminescent screen, a
system adapted for use with a deflection yoke having an
asymmetrical yoke field for self-converging said beams
which undesirably astigmatizes said beams in off-center
regions of the screen, said system including an in-line
electron gun for developing three electron beams for
exciting said screen, said gun including, for each of said
beams, means including cathode means for developing said
beam, focus lens means including focus electrode means for
receiving said electron beam and forming a focused
electron beam spot at the screen of the tube, said focus
lens means having a'plurality of electrode means spaced
along a lens axis, beam correcting means incorporated in
said focus electrode means for developing in the path of
said"beam when said beam correcting means is appropriately
excited, an astigmatic field component, and system signal
generating means for developing a signal having amplitude
variations correlated with a scan of the beams across the
Screen and means for applying said signal to said beam
correctipg means to cause, as a function of beam
deflection angle, the strength of said astigmatic field
component to vary to produce a dynamic
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diredﬂ&f*@%%agh apbi ?W lagede nt charged eIectrodesLMAUSﬂ"&#§6 :
. mai ntai ned at dlffer It can e seen that the relative width of
the two apertures | s as w% T as the relative polarity of the
two el ectrodes determ nes mhether the el ectron beamis directed away from

the AsA n e ce : '
Wth referé%%%igﬁXgigﬁ. }ﬁegén% ?%%emfﬁhéEa%% §?(§9ﬁ¥f% ?zo%tal slots
28a, 32a ircompensate fau therhe@meesty@@%teelng2e€§g%% 9€rsaid| yekeer gence

of the el eckspd é@éaswmsﬂsthsanarseﬂagnéal B6Hseiuetd@ dngcagreages than the
second el ecirode 30 suc¢ wh'e electron beans are positioned adj acent

to a Iateré?h%Eg%P%$aFﬁ8nC?§'§E+@ eawv?ﬂryﬁ% $RE RTRP TRPBEE 30
mai nt ai ned umdesineﬂrdaﬁléagboh¢fe1atedhnhscbnvet@emcéwofeéetdrbdemswhen

Shown at | poli ey SFF SHEBLe | sRTaTAERY, FOPrftling B8dns JACERRMECOC, O0
el ectrode ekisconvehgencencahpensabignnmeans for etel;eash pazhiabhych
reinforces LRRYRELLERL Eb¥CEE$4CEnE0LEEEH! Blan misconvergence,
comprising at least two facing electrodes, a first
- electrode being adapted to receive a relatively higher
excitation potential and a second electrode a relatively
" lower excitation potential, at least one of said
electrodes having a center opening and two outer openings
arranged in line along an electrode axis orthogonal to the
gun axis, said outer openings having profile distortions
which are symmetrical about said electrode axis and a
vertical ‘axis through the center opening, but asymmetrical
about respective.vertical axis through the outer openings.
16. The system of claim 15 wherein said '
misconvergence compensation means comprises an asymmetric
dynamic quadrupolar lens of the unipotential type
" comprising first, center and third electrodes, the center
electrode being adapted to receive a relatively lower
excitation potential than the first and third electrodes,
" the center electrode having its outer apertures with said
profile distortions. |
17. The system of claim 15 wherein said center
electrode outer beam openings have said opening distortion
in the fcrm of an opening enlargement extending inwardly
toward_gaid center aperture.
~ 18. A color cathode ray tube system having a
color tube with a cathodocluminescent screen, said system
including an in-line electron gun for developing three
electron beams for exciting said screen, said gun
including, for each of said beams, means including cathode
means for developing beam, focus lens means for receiving

O

THIS SH
SUBSTITUTE SHEET m




of the other two _electrodes. Thi-s—eenbination of -vertical divergence and
horj zental convergence of an electron beam40 is shown in FIG 4b and

- represqpd91aeesi ti ht il aSr recti on whi ch conpenpETEESH8/04556c

©* negative astignatisn1| illlit he el ectron beam by the CRT' s
- sel f-convergi ng nmagn | yokeyy- When the el ectron beans
. are positioned between the center and & lateral edge of the CRT screen, all

three -16-

- said electron beam and forming a focused electron beanm
spot at the screen of the tube, said focus lens means
having a plurality of electrode means spaced along a lens
axis including focus electrode means, yoke means for
deflecting said electron beams, said yoke means having an
asymmetrical field for self-converging said beams which
undesirably astigmatizes said beams in off-center regions
‘of the screen, beam correcting means incorporated in said
focus electrode means for developing in the path of said
beam when appropriately excited a first astigmatic
accelerating field component and a second astigmatic
deceleraﬁing field component wherein said beam correcting
means includes three or more electrodes, the first of
which has for said beam a horizontally elongated aperture,
and system signal generating means for developing a signal
having amplitudé variations correlated with a scan of the
beam across the screen and means for applying said signal
to said beam correcting means to cause, as a function of
beam deflection angle, the strength of said first and
second astigmatic field components to vary to produce a
dynamic astigmatism-correction effect to at least
partially compensate for the beam-astigmatizing effect of
said yoke.

19. A method of providing dynamic convergence
control in an electron gun for a color cathode ray tube
having a screen, said method including the steps of
developing three electron beams, focusing said three
electron beams at the screen of the tube, using a
multi~element lens, the first element of which has three
horizontally elongated apertures, developing in the path
of each of said beams when appropriately excited at least
one astigmatic field component, and modulating the
strength of said first astigmatic field component as a
function of beam deflection angle.

20. The method of claim 19, wherein the electron
gun system has a self-converging yoke which imparts an
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“electrodes are at the sanme vol tage and the dynam c quadrupole | ens does not .
introduce either an astigmatismor a focus correction factor in the  « & "

el ectron beams. |In non-COTY CRTs, the three el ectrodes are al so maintained”

at the sane voltage when the el ectron beans are positioned on a verti cal
center portion of the CRT screen as shown graphically in FIG 2 for the
dynami ¢ focus voltage VF[err]. In this’case, because all three el ectrodes
are again nai ntained at the sanme voltage, the dynam c quadrupol e | ens does
not introduce a correction factor in the electron beans to conpensate for
defl ection yoke astigmati sm and defocusing effects. In COTY-type CRTs, the
dynam ¢ focusing voltage VF[err] jp3beas Hag Been Replacedy st and third el ectrodes
28, 30 is less than the fixed volt | t he second el ectrode 30 in
the vicinity of the center of the h the polarity of the

el ectrodes changed, the first and third el ectrodes 28, 32 introduce a
vertical convergence in the electron beans as shown in Table I. The second
el ect r WRIHYB23730w at a hi gher voltage than the other two ®CIEUSHIO4556

‘introduces a

-38=

undesirable astigmatism to the beams in off-center regions
of the screen, said method including the step of
developing in the path of each of said beams when
appropriately excited, in back-to-back arrangement, a
first astigmétic field component and a second astigmatic
decelerating field component, and modulating the strength
of said astigmatic field components as a function of beam
deflection angle to at least partially compensate for said
yoke-induced astigmatism in said off-center regions of the
screen. |

21. The method of claim 19 or 20, wherein the
multi-element lens cbmprises a three element lens.

* [ L M S *
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hori zontal divergence by virtue of its generally vertically aligned
apar.t®rts. The vertical®convergence effected by the first and third _
. el ectrodagpeifyassy and the horizontal divergence caused by tpger F&

. electrode 30 |ntroduce’ﬁhlaShneu;ﬁaBmeRepmadgrratlsm correction in the e ??on

beans as shown in FIG e astigmati smcorrecti on conpensates
for the positive astig

w f a XJary-type main lens on the -

el ectron beans in the center o screen. Al t hough the first

and third el ectrodes 28, 32 are each shown with a single el ongated,

general ly horizontally aligned aperture, the present invention also

contenpl ates provi di ng each hesg el ectrodes with a plurality of spaced,
i : i 20 oriented | ongitudinal axis and

eon beans. ggaaddl tion,

FIG.2 VvA-
VOLTAGE
TIME = FIG.4q
(38 NEGATIVE i
VA
A U W :
FIG.3 | FIG.4b §4
/ , / / / POSITIVE
N D,
iFs-eE V,sz

FIG.5 - v
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L17- JM] opefatlon of - the nvention has thus far been

: deseglbed“&ggn% dynanmi ¢ quadrupol e [éns positioned after electron beam
~¥ross ovef, efween cross.over and the CRT screen, the dy RETVUS90/04556
7quadrqpole Iens may al so be positioned before beanlcross over, or between
‘the el'ectron beam source and cross over»é}ge effect of the dynanic -
guadrupol e I'ens on the el ectron beams is feversed in theswisSkdet Kk BanResiRE S

as shown in Table I. Referring to FIGS. 6 through
shown wvarious alternative enbodi ments of the dynanic quadr M lﬂthe
present invention. In the dynam c quaggupole | ens 50 of FI

and third el ectrodes g@ and

- THIS .
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et T : . - . o . - )
53 i ncl UW© 91483333t i ve el ongat ed, general ly rectangul ar aper POTAISIDI64556.d
" 53a through which the three el-ectron beans are directed. The second

- el ectrode 52 includes a plurality of spaged, generally Tectanguar—shaped

" apertures 52a, 52b and 52c. Each of theé®r%ctangul ar aper fil §5.:50emeco A0
52c i% aligned Iengthwise in a generally vertical directi e
dynanmi ¢ quadrupole lens 60 of FIG 8 is simlar to that oﬂﬂ!ﬂﬂ?’lmuunllt t
the first and third, el ectrodes Gleamneh63 each include a r
rect angul ar, horizdﬁ?ally ori'enfllgd™ e 6la and 63a. However, in the
dynam c quadrupole le 60 of Ff gnd el ectrode 62 incl udes
three circul ar apert uresft dre circular apertures are
enpl oyed, the second ele ction as a quadrupol e |ens
el ement, althoyf ™Rg fi grtlgedes 61 and 63 will continue to
SO operate. ' 2Md 62c may also be elliptically
shaped wi t hffkgi rl generally vertically, in which case

J

the second &

VF2

VFl

FI1G.13b

FIG.13a

e giaop Lz Rt AN
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'eIenenb bo Converge or d|verge the electron beans,
pole lens 55 of. FIG 7 is a conblnatlon of

The
..shown in

‘the second el ectrode 57 includes three C|rcular
‘apertutes 57a, ‘57b and 57c,

-each ‘i nc

s

| ude

nd 8 in that

as the

or elli

EINZEL TYPE ML DESIGN

FIG.14b

QPF _TYPE ML DESIGN

L,dﬁs

&: J(ss

case may be.

the | enses
PCT/US90/045563 -

Lcally shaped, o

while the f nssg/.,and third el ectrodes

- This Sheet Hag Been

BTN

98~ "
LG5 ; 2 )
100 .
- 9 .
= 2 = I
d 642 64 =
- ¥G3 ™ 4[ 63 b
=62 - g; VFI =62 =f1"sz
v ve2 VF2
VG2 ! VG20 VF vG2 VF2 A eI
FIG.15a FIG.15b FIG.I5¢ FIG. I15d
BU TYPE'ML DESIGN
104
VA VA
L Jss
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respecti ve el ongated, horizontal I y oriented apertures 56a and 58a. Each of

. thetapér'tures 56a and 58a includes a plurality of spaced enl arged portions
t hr ough oo/ Q%’ﬂ%spectlve one of the electron beans is di rqfé%sgimﬁs

dynam c quadrupol e | enses 65 and 70 respectively shown in FI'GS

~al so i“nctude three spaced el ectrodes in algjgnrrent with three el ectron

beans, whefd Shedt Hes BebeRdplaades i ncl udervar isous comnbi nations of apertures

previ ously II.ustrated In FIG 9, the first and third
el ectrodes & ach shown with a plurality of spaced el ongated

apertures h err Tongitudi nal axgs”M™e conpon alignment with the
In-line el ectron beans. Refefring to 211, there 4s.shown yet
anot her enbodi nent of a dynam ¢~ .c@;- e |l ens in accaJance with the-
principles of the present javenti ory, S

i ncl udes first -'_M el ety 0deSo7
general for ‘Xg‘f 38T |k :
second el ec e e

— ELECTRON BEAM

! CROSS -OVER FIG.I9

VF

VetVorn “—\d-[m] « THIS SHEET HAS BEEN
REPLACED
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VINS F LI Vad il

coriented apertures through each of which a respective one of the el ectron

: ~beans is directed. The first and.third el ectrodes 76 and 78 do not include
. an aperture through which el ectron bedns are @ifrected, or may be considered

“to havef an infinitely large aperture disposed within acharged electrode.
Any amy rate, it has been found that it is the dynam c f ogl4ShdfiadBtdnReflaced
applied to the first and third el ectrodes 76 and 78 which '
conbination with the charge on the second el ectrode 77, anBMﬂBlHWEI‘“}"HS

‘therein, to provide el ectron beam convergence/ di vergence c

.conpensating for electron beam asti gmati sm and defocusing. The dynam c
quadrupole lens 80 of FIG 12 is simlar to that shown in

FIG. 22
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-19 <A wa’l? @gvg that th _-”'ures in the Second el ectrode 82
are generally V ngul ar in shape operate in conjuncti Onpm}ﬁ5%§45%
*fflrst ang*thlrd dynam cal ly charged el ectrodes 81 and 83.

dynami ¢ *quadrupol e | ens 75 operates in the followi ng manner. In a COTY-type
CRT, the second electrode 77 will be at”&"htgfygr voltage than the first and
third el ectrodes 76, 78 when ttre—etectron beans are positioned near the

center ‘of the CRTTlﬁi:She&msMR nd el ectrode 77 will thus cause a
hori zontal diver ge N a negative astigmati smcorrection as
shown in FIG 4a. ;5 m’lm,iﬂ@u

coriver gence of. the

hird el ectrodes 76, 78 cause a vertical

to further effect negative astigmatism
correction. \Wen the eI ectron beans are adjacent to a | ateral edge of the
CRT screen, the second electrode 77 will be at a | ower voltage than

FIG. 23

+LV-

170

: LA w4 : r.'
LI L ¥ : 7 PO
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L ' %2933 2~ e
the first and third el ectrodes 76, 78 resulting in hd%l gnta.REB&A&5: %ﬁéé‘H:ET
andivertical divergence of the electron beans as shkdver ¥ n Tapl E7I and as
illustrated in FIG 4b as a positive astigmati smcorrection.|Thu

beam asti gnmati sm and defocusing are corrected for by the dynhnic quadgﬁ&gﬁg
| enses of FIGS. 11 and 12, although the conpensating effects|ot—~thi-s

el ectrode arrangement are not as gredt as in the previously dlscussed

embodi ment Sn éé' Anal b §QE§%u§' G U Y19 NP \G a1 b RREE

Referring t e SRR WV eJHT 0 R B d pe mai n
| ens (M) e % g%%l B%Thzeblpote%F%% $§%e ML electron 5€nigy

i ncl udfas a ga ode Kmwei thamwodxes:ealamusrd metz&mhp mrdﬂMImMclla
control grid electro cr.een qr.i r i rgt accel erating
and focusi h§¥ %&@F?ogglz%) 35@ d'ssé’ e@fﬁ&é’ %Wé: 7’ ng el ectrode "
G4. A focusbngrodl bfgmulEiple] elechymn deans timeifdernst unnnﬂﬁhailng and
focusi ng ekSEEbQQ%eG%f gn@oqgraQﬁﬁLerating vol tage VA as
' Most color CRTs employ an in-line electron gun
arrangement for directing a plurality of electron beams on

the phosphorescing inner screen of its glass faceplate.
The in-line electron gun approach offers various
advantages over earlier "delta" electron gun arrangements
particularly in simplifying the electron beam positioning
control system as well as essentially eliminating the
tendency of the electron beams to drift. However, in~-line
color CRT’s employ a self-converging deflection yoke which

: aéplies a nonuniform magnetic field to the electron beans,
resulting in an undesirable astigmatism in and defocusing
‘of the electron beam spot displayed on the CRT’s
faceplate. In order to achieve three electron beam
convergence at the screen edges and corners, the
self-converglng yoke applies a dynamlc quadrupole magnetic
field to the beams which over-focuses the beams in the
vertical direction and under-focus them in the horizontal
direction. This is an inherent operating characteristic
of the in-line yoke design. '

One approach to eliminate this astigmatism and
deflection defocus employs a quadrupéle lens with the
CRT’s focusing electrode which is oriented 90° from the
self-converging yoke’s quadrupole field. A'dynamic
voltage, synchronized with electron beam deflection, is
applied to the guadrupole lens to compensate for the
astigmatism caused by the deflection system. This dynamic
voltage also allows for dynamic focusing of the electron
beams over the entire CRT screen. The astigmatism of the
electron beam caused by the quadrupole lens tends to
offset the astigmatism caused by the color CRT’s
self-converging deflection yoke and génerally improves the
performance of the CRT.



- 20- applied to the second accel erating and focusing electf _

FI G 13b shows the manner in which a dynam c quadrupol e | ens g H@lFMENT S*H_E_ET
i ncorporated in a conventional bipotential type M. el ectron gup. _The

dynam ¢ quadrupol e | ens 92 includes adjacent plates of a G31] e] e@tF MAR 2997
a G33 electrode to which a dynam c focusing voltage VF2 is applied. The
dynam ¢ quadrupol e lens 92 further inclu@es a G32 el ectrode,| or grid, which
i s maintai ned

An articles entitled "Progressive-Scanned 33-in.
1109 Flat~Square Color CRT" by Suzuki et al published in
SID 87 Digest, at page 166, discloses a dynamic
astigmatism and focus (DAF) gun wherein spot astigmatism
and deflection defocusing is simultaneously corrected
using a single dynamic voltage. The electron gun employs
a quadrupole lens to which the dynamic voltage is applied
and which includes a plurality of generally vertically
elongated apertures in a first section of a focusing
electrode and a second pair of aligned, generally
horizontally oriented elongated apertures in a second
section of the focusing electrode. Each electron bean
first transits a vertically aligned aperture, followed by
passage through a generally horizontally aligned aperture
in the single quadrupole lens for applying a§tigmatism
correction to the electron beam.

An article entitled "Qﬁadrupole Lens For Dynamic
Focus and Astigmatism Control in an Elliptical Aperture
Lens Gun" by Shiral et al, also published in SID 87
Digest, at page 162, discloses a quadrupole lens
arrangement comprised of three closely spaced electrodes,
where the center electrode is provided with a plurality of
keyhole apertures and the outer electrodes are provided
with a plurality of square recesses each with a circular
aperture in alignment with each of the respective electron
beams. A dynamic voltage V; is applied to the first and
third electrodes so as to form a quadrupole field to
compensate for the astigmatism caused by the
self-converging yoke deflection system. Although this
allows for a reduction in the dynamic voltage applied to
the quadrupole, this voltage still exceeds 1 KV in this
approach. While'these two articles describe improved
approaches for beam focusing and astigmatism compensation,
they too suffer from performance limitations particularly
in the case of those CRTs having a flat faceplate and foil
tension shadow mask, where the flat geometry imposes




at a fixed vol tage VF1. The cathode as wel| as various other control g

which are illustrated in FIG 13a have been omtted from Fl

rids

as the remaining figures, for sinplicity. Thus, a bipotent ﬁﬁﬁgﬁﬁﬁaﬂM§HEET

el ectron gun may be converted to an el ectron gun enploying {he dynam c

quadrupol e l ens of the present invention by separating it's fi
accel erating and focusing electrode G3 into two conponents fn
third fixed voltage el ectrode G32 between the two accel erat]n

s@ 3 MER
i nserti

el ectrode conponents G33 and G31. =3= Referring to FlI 14a, ther
shown a conventional Einzel-type M. electron gun 94 which includes G3,

and Gb accel er
14b,

—and f ocUusTNg

e e ey ey

1397

ng a

e is

4

Referring to FI G

nor coPEEEABRAALAY HERAEES, FRRNLEHOSaFhAR Shamsy S IRARS 6 |

n

accor dancewwthhat barpeds€atceplueeti on may be |ncorporated in a conventional

the 1 of et rode | <M THASEEh 8P, tRaey He & BB IR Hes sy or

and a th|rwh19bu5|dgnemsctNod&aG¢2lssapwdéﬁﬂe@emanﬂ&iytdﬁsqnmnalndes

a Beam Forming Region (BFR) refraction lens design
intended to correct for the lack of dynamic convergence of
the red and blue outer electron beams. The horizontal

. beam landing locations of the red and blue beams in color

CRTs having an in-line electron gun arrangement change

with variations in the focus voltage applied to the

electron gun. While the dynamic quadrupole lens ,
compensates for astigmatism caused by the self-converging
electron beam deflection yoke, prior art gquadrupole lens
arrangements do not address the lack of horizontal
convergence of the two outer electron beanms.

In a more general senée, this invention addresses
the problem of how to electrically converge off-axis beams
in a three~beam color cathode ray tube, particularly a
color cathode ray tube of the type having an in-line gun.

There exists a number of techniques in the prior
art for electrically converging off-axis electron beams in
a color cathode ray tube. One technique offsets the axes
of apertures in facing electrodes. Offsetting the axes of
the cooperating apertures creates an asymmetrical field
which bends an electron beam in a direction dependent upon
the asymmetry and strength of the field. Examples of
electron guns having such offset-aperture-type beam
bending are U.S. Patent Nos. 3,772,554; 4,771,216 and
4,058,753,

A second approach is to use coaxial apertures,
but angle the gap between the facing electrodes to produce
the necessary asymmetrical field. Examples of electron
guns having such "angled gap" technique for producing the
necessary asymmetrical field are disclosed in U.S. Patent
Nos. 4,771,216 and 4,058,753.

4b,
rl,




———.

charged plates of the G4l and (A3 el ectrodes. A fixed focus VREpage -VEL. i-s-
applied to the G4[err] electrode, while a dynamic focus volt -VF2 is = ¢
applied to the (41 and (43 el ectrodes. The dynam c¢ quadrupolje Jl ens 96 :
within the Einzel-type M. el ectron gun thus includes adjacent cﬂngMgn‘g97
pl ates of the (41 and (A3 accel erating and focusing electrodeg in -’ '
conbination with an internedi ate

(A2 el ectrode which is maintained at a fixéd focus

A third approach is to create the asymmetrical
field for the off-axis beam or beams by creating a
wedge~shaped gap between the addressing electrodes.
Examples of this third approach for electrically
~converging off-axis beams are disclosed in U.S. Patent
Nos. 3,772,554 and 4,058,753.

Each of these three approaches suffers from
difficulties in mandrelling the electrodes during
assembly. One aspect of the present invention is to
provide improved means in an electron gun for refracting
or bending an electron beam, useful for converging
off-axis beams in a-color CRT guh.

As discussed above, certain modern high
performance electroh.guns have a dynamic gquadrupole lens
to compensate for beam astigmatism introduced by an
associated self-converging yocke. Incorporation of such
dynamic quadrupole astigmatism correctors in electron guns
of the type having a common focusing field for all three
‘beams introduces convergence errors due to the converging
effect produced by such common lens on the off-axis beam.

- In one sense, this invention concerns improved
quadrupolar lenses independent of their application or
‘particuler implementation, and more particularly concerns
a way to bend an electron beam passing through a
quadrupolar lens field. Dynamic control of beam angle as
a function of potentials applied to the quadrupolar lens
is achievable using the present invention.

In accordance with a further aspect of this
invention, means are provided for correcting or reducing
such convergence errors. As will be explained, this is
accomplished by unbalancing the quadrupolar lens fields
through which the off-axis beams pass. The unbalancing is
accomplished in a preferred embodiment by the creation of
an asymmetrical field component which has a refractive
effect on the off-axis beams, causing them to converge or
diverge as a function of the strength and degree of



vol t age VF1. Referring to FIG 15a, there is show Fﬁgr enﬁhona%E
@PF type M. el ectron gun 98. The QPF type M. electron gun 4874 udes GZ; T
&G, A, & and & electrodes. A fixed focus voltage VF is dpplied to the
and Gb el ectrodes. FIG 15b illustrates the manned ifn OA8i MAR 21997
dynam c quadrupole |l ens 100 in accordance with the present vention may b
I ncorporated in the 4 electrode of a Q8= type M. el ectronjgun. Tn Thé
arrangenment of FIG 15b, the (4 electrode is conprised of ®lerr]. CAlerr]
and A[err] electrodes. The & and A[err] el ectrodes are naintained at a
vol t age VGEBymhekeyt b€ Chd a&ghrﬁ&:reﬂcm.t rfded<isaappldiet dicndtheat a vol t age
V&1. The 0 t |s fi,xed.. { | :
synchronou§ &?% B? ronAﬁegr’hl el%oarcil’(r:eo\ség’]]ﬁ\ﬁatﬁ%l %feesdetall
Referring herﬁueaftsc, nneaepmgﬁﬁmmﬁdIﬁmeQmmﬁmt|ﬁhQMﬁﬁﬂmW?ﬁﬁNﬁﬁﬁc

quadr upol efhsmaslgze Ggrea‘a%ﬁa%e pldvil dily rs&ﬁ%%;atrﬁuwrﬁa&bmynbe
i ncorporated in el ectrodé 0f a _conventi onal %F tPe M. el ectron
gun. In one or more of the facing electrodes employed create

the quadrupolar lens field for the off-axis beams which is

shaped to create an asymmetry in the field affecting the

off-axis (outer) beans.

iIn one embodiment to be described (FIGS. 17-20),
a novel electrode has a center opening and two outer
openings arranged in~line along an electrode axis
orthogonal to the qun axis. The ocuter openings have
profile distortions which are symmetrical about the
electrode axis and a vertical axis through the center
opening, but asymmetrical about respective vertical axes
through the outer beam openings. In one preferred
embodiment, the opening profile distortions each take the
form of an inwardly or outwardly éxtending opening
enlargement (a notch, for example). In another
‘arrangement (FIG. 22, to be described) the asyﬁmetrical
field is:produced in an electrode having a horizontal
aperture extending across all three beams, the terminal
portions of which are vertically larger than the center
portions of the horizontal aperture so as to create the
aforediscussed opening enlargement and asymmetrical field.

This aspect of the invention may be employed in
unipotential (Einzel) type quadrupolar lenses, or
quadrupclar lenses of the bipbtential or other type. The
profile distortion provided to create the field asymmetry
for the off-axis beams may be located in any or all of the
electrodes which constitute the quadrupolar lens. If the
profile distortion is located in the electrode or
electrodes having relatively higher voltage, the profile
enlargement extends away from the center beam opening; if
located in the electrode or electrodes having lower
applied potential, the opening enlargement which creates




. o . .
the arrangenent of FIG 15c, the G5 accel erating and foc:ﬂEﬂhAGENEﬁWbsaﬁg}'

a conventional QPF type M. el ectron gun has been divided}i 'ee conttol
el ectrodes Gb1, Gp[err] and Go[err]. A fixed focus voltage Vﬁégi@wgpﬂbyeq
'S

to the G3 and Go[err] electrodes, while a dynam c focus It a i
applied to the Go[err] and Go[err] electrodes.” A V& vol t pge—i-s—appti=ee~to
the @ and 4 el ectrodes. The dynam ¢ quadrupole I ens 102{is conprised of

e~

the G52 el ectrode in combination with tks&=-adj acent pl ates*of—tfre~&1 and
b3 electrodes. In FIG 15d, the G3 electrode is shown coupled to the VF2
focus voltage rather than the VF1 focus voltage as in FIG 15c. In the
arrangenent the @spmmetyicahlofipddi extendspinwardlyuiomwarsl dhemsnteply an
astigmati snheoh' §pkhPAgl 0 the el ectron beams. A first quadrupole is

conprised of the upper “plate of the G3
In a broader context, as noted above, the

invention concerns a quadrupolar lens for an electron gun
having the capability of bending a beam passing through
the lens, independent of the application or manner of
implementing the quadrupolar lens. In this context, the
invention concerns the provision of a quadrupolar lens
having at least two facing apertured electrodes, one
adapted to receive a relatively higher excitation
potential, the electrodes being constructed and arranged
such that a quadrupolar field component is created
therebetveen for the beam when different excitation
potentials are applied to the facing electrodes. The
quadrupolar field component such as to cause the beam to
be diverted from a straight line path as a function of the
different applied potentials. The unbalancing, as
described, is preferably by provision of an asymmetrical
field component in the quadrupolar lens which, in turn, is
preferably created by the provision of an aperture pattern
in one or both of the facing electrodes, all as outlined
above and as will be described in detail hereinafter.

- Such a quadrupole lens with beam bending
capability may be employed in electron guns in general,
but not limited to the type described above and to be
described hereinafter wherein the quadrupole lens provides
astigmatism correction to offset astigmatism produced by
an associated self-converging yoke.

In still a broader context, this invention
provides an improved means for electrically bending or
diverting the path of an electron beam, independent of its
use in a quadrupolar or any other particular type of
lens. In the background of the invention set forth above,
mention is made of three types of electron-refractive
devices which each create an asymmetrical field in the
path of an electron beam to divert it from a straight line
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€l ectrode di sposed t herebetween. A dynam c focus voltage
the G3, Gp[err] and Gb[err] el ectrodes. The second quadrugolfe-ts conpr
of the upper plate of the G51 electrode, the |lower plate
el ectrode,
el ectrodes forman el ectron beam focusing region, while the nhi nat i
el ectrodes & and G3 provide a convergence correction for{the two outéer

el ectron beans as the beans are swept attvss the CRT scre ' S_i

el ectrode, the lower plate of the Gl el ectrode, and-the A

REPLACERAYT SE]
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and the G52 el ectrode di sposed therebetween. The 33dH&RdBG7
on Jf

the el ectron beam focus voltage. This is conmmonly referred to as a FRAT

(focus

path. One employs offset apertures, another an angled
electrode gap, and a third a wedge-shaped gap between the
operative electrodes. Applicants here provide a fourth
way -- namely, by the provision of an aperture pattern in
one or more of both of the facing electrode(s) which is so
shaped relative to the aperture pattern in the facing
electrode as to create an asymmetrical pattern in the
facing electrode as to create an asymmetrical field
influencing the passed electron beams. Thus the bean
bender of the present invention may be used in
substitution for any of the above three types of beam
benders in any application in which they are found, as
well as other applications which call for electrical beam
divergence. The present invention has the advantage over
the aforediscussed three types of bean benders found in
the prior art in that it is more easily mandrelled during
electron gun assembly than any of those arrangements.

In this most general context, the invention may
be thought of as comprising means for generating a beam of
electrons, and beam bending means for producing an
asymmetrical field in the path of the beam for diverting
the beam from a straight line path. The beam bending
means comprises at least two facing electrodes adapted to
receive different excitation potentials and having coaxial
beam-passing openings, at least one of the openings being
symmetrical about a first electrode axis, but asymmetrical
about an orthogonal second axis to thereby produce the
said asymmetrical field.

Such a beam bender may be adapted for dynamic
convergence by employing it in the off-axis beams and
applying a varying potential to one or both of the
operative facing electrodes to cause the strength of the
asymmetrical field to vary as a function of the applied
voltage. In application to a three beam in-line gun color
CRT having dynamic convergence, a variable voltage



refraction alignnment test) |ens. Referring to FI G
shown a conventional BU type M. electron gun 104. The BU ty
gun 104 includes G3, 4, Gb and G5 el ectrodes. An anode vol
applied to the &4 and & el ectrodes, while a dynam c focus -
applied to the G3 and G5 el ectrodes. FIG 16b -sho
whi ch a dynam ¢ quadrupole | ens 106 in accordance with the
i nvention may be incorporated in a convengional BU type M {gl ectron gun.
The G5 el ectrode of the prior art BU type M. el ectron gun is redu
el ectrodes 51 and GB3 with a third el ectrode G52 inserted therebetween.

The dynam c cprcelpbéd witls €R6 dbBtet8i6ANPFi t8Rd Bkamdhpaterls Rhates of the

Go[err] and ] rode onbi nation.wt e 2 electrode. A
fixed focus %?aée’“%%eg% §+F‘3dg?o°{‘ﬁe°&aém°g5§égsl g&?r’-‘%&é’ @Sphile the
anode vol tage VA is dpiphsedone featGeanf €heepresentteinvAndinvani ¢ f ocusi ng

vol tage VF2 irvaPnbd efyhni b1 5 1caRde e thgCELRIES Ll Inbhe 6l GRL'

focusing errors in an in-line, multi-beam color CRT

without introduction of convergence errors.

Another feature of the present invention is to
provide a quadrupole lens adapted for use in virtually any
of the more common in-line color CRTs and which affords
precise control of electron bean convergence/divergence.

Another feature of the present invention is to
compensate for the non-uniform magnetic field of a
self-converging deflection yoke in a color CRT by
dynamically controlling horizontal and vertical
divergence/convergence of the CRT electron beanms.

A still further feature of the present invention
is'to allow for a reduction in the dynamic focusing
voltage provided to a quadrupole electron beanm focusing
lens for a color CRT and mihimize problems involving
additional high voltage application through a CRT neck pin.

Another featﬁrg of the present invention is to
correct for outer electron beam (typically the red and
blue beams) dynamic misconvergence in in-line color CRTs
having dynamic astigmatism compensation.

Further features and advantages of the present
invention will best be understood by reference to the
following detailed description of preferred embodiments
taken in conjunction with the accompanying drawings, where
like reference characters identify iike elements
throughout the various figures, in which:

FIG. 1 is a perspective view of a dynamic
quadrupole lens for an in-line color CRT in accordance
with the principles of the present invention;

FIG. 2 is a graphic representation of the
variation over time of the dynamic voltage applied to the
quadrupole lens of the present invention;



A further preferred enbodi nent of the invention is disclos
I7-20. Referring to FIG 17, there is shown a perspective

guadr upol e | ens -23-,

an in-line electron gun in a color CRT incorporating a secp
I n accordance with the present invention. The dynam c quad
i ncludes first, second and third eIectL@ﬂps 128, 130 and

RERLATEMINT (SH7RES |

120 for wuse |n

3“MN®%@71

ru ole lens 120

FIG. 3 is a simplified planar view of a phosphor
screen on the inner surface of a CRT glass faceplate

illustrating various deflection positions of the electron

beams thereon;
FIGS. 4a and 4b are sectional views of

an

electron beam respectively illustrating vertical

convergence/horizontal divergence (negative astigmatism

effect) and vertical divergence/horizontal convergence
(positive astigmatism effect) effected by the dynamic

quadrupole lens of the present invention;
FIG. 5 is a simplified sectional view

illustrating the electrostatic potential lines and
electrostatic force applied to an electron in the space

between two charged electrodes;

FIGS. 6 through 12 illustrate addltlonal
embodiments of a dynamic quadrupole lens for focusing a

plurality of electron beams in an in-line color

CRT in

accordance with the principles of the present invention;
FIGS. 13a and 13b respectively illustrate

sectional views of a prior art bipotential type

ML

electron focusing lens and the manner in which the dynanmic

quadrupole lens of the present invention may be

incorporated'in such a prior art electron beam focusing

lens;

FIGS. 14a and and 14b are sectional views of a

prior art Einzel-type ML electron focusing lens

and the

same focusing lens design incorporating a dynamic
quadrupole lens in accordance with the present invention,

respectively;

FIGS. 15a, 15b, 15c and 15d respectively
illustrale sectional views of a prior art QPF-type ML
electron focusing lens and three versions of such a
QPF-type ML lens incorporating a dynamic quadrupole lens

in accordance with the present invention:;

FIGS. 16a and 16b respectively illustrate
sectional views of a prior BU-type ML electron focusing




132 arranged in nutual alignnent. The first el ectrode 128 |ig LAy
el ongated aperture 128a extending a substantial portion of Léﬁgth GHEET
the el ectrode. Disposed along the Iength of the aperture 128a in a space
manner are three openings in the formof enlarged portion éfﬁthrwa@egﬁpr

L1

A

As in the case of the first electrode 128, the third el ecfrpde 132 al's
i ncl udes an el ongated aperture 132a extendi ng al ong a subkt antTal--post

of the Iength thereof and including thrsee spaced openingsLLn_th_Lgégéglegj
enl arged portions of the aperture 132a. The first and third el ectrd
and 132 are aligned so that first, second and third el ectron beans 122, 124

and 126 rzenscahdekhet sane typlee ofvelestrot MPpodingydensorti ons of the
el ongat ed,

.128a,and _132a .w. t hi e firs t hi e des.

The first lgggﬁgﬁsglg‘%egpﬁd‘@g eﬁg.j@el?iﬁgﬁngcc&%dé?ﬁ%ea%%% a%f?r{/égl t age
sour ce 13présgentpphyengiandynani c voltage VF[err] to these el ectrodes.
The second el ectroggas13Q4i §gdiss %g’ : ﬁT@,(ji & fd et Y gtk d
el ectrodes 128, 13 gndqynéfugég%th §§R§§; olggéhapgglapertures_13 a, 130b
and 130c BAFSAR¥ErgRnge correction arrangement in accordance with

the present invention as employed in a dynamic gquadrupole

lens for an in-line color CRT;

FIG. 18 is a lengthwise sectional view of an

electron beam misconvergence correction arrangement as
shown in FIG. 17:

FIG. 19 is a plan view of an offset keyhole
electrode design for use in an in-line multi-electron beam
focusing arrangement in an electron gun in accordance with
the present invention;

FIG. 20 is an end-on view of the focusing
electrode of FIG. 19; .

FIG. 21 is a perspective view of an electron beam
misconvergence correction arrangement incorporating
génerally circular, hotched outer apertures in a center
electrode in accordance with another embodiment of the
present invention:;

FIG. 22 is a plan view of another embodiment of
an electrode in accordance with the present invention,
where the electrode has a higher voltage than an adjacent
focusing electrode; _

FIG. 23 is a schematic illustration of a focusing
lens structure in a three-beam in-line gun wherein the
outer electron beams are electrically converged by the
present invention; and _ '

"FIG. 24 is a simplified schematic diagram of yet
another embodiment of the present invention wherein an
asymmetric field component is formed by distorting the
ocuter beam apertures in a pair of adjacent focusing
electrodes maintained at different voltages.

Referring to FIG. 1, there is shown a perspective
view of a dynamic quadrupole lens 20 for use in an in-line



spaced manner along the length of the electrode. Each of th
keyhol e- shaped apertures 130a, 130b and 130c has a | ongitudi
is aligned generally vertically as shown in FIG 17, or gen rdrr"“

transverse to the |ongitudi nal axes of the apertures in the fPr$t and.tb$f:]

el ectrodes 128 and 132. Wth the first, second and third el
130 and 132 arranged generally paraIIeI in a linear alignneptt
respective apertures of the el ectrodes-ane adapted to allo
the three el ectron beans 122, 124 and 126, each shown in the 71 Qg

dashed |ine. The second electrode 30 is
electron gun in a color CRT. The manner in which the

dynamic quadrupole lens of the present invention may be
integrated intoc various existing electron gun arrangements
is illustrated in FIGS. 13a and 13b through 16a and 16b,
and is described in detail below. Various alternative
embodiments of the dynamic quadrupole lens of the present
invention are illustrated in FIGS. 10 through 16 and are
discussed below. Details of the embodiment of the dynamic
quadrupole lens 20 illustrated in FIG. 1 are discussed in
the following paragraphs, with the principles of the
present invention covered in this discussion applicable to
each of the various embodiments illustrated in FIGS. 6
through 12. The present invention may be used to correct
for astigmatism in CRTs having electron guns with a
focusing field common to all three beams such as the
Combined Optimum Tube and Yoke (COTY) CRTs, as well as
non-COTY CRTs as described below. A COTY-type main lens
is used in an in-line electron gun and allows the three
electron guns to have a larger vertical lens while sharing
the horizontal open space in the main lens for improved
spot size. The terms "electrode", "grid" and "plate" are
used interchangeably in the following discussion.

The dynamic quadrupole lens 20 includes first,
second, and third electrodes 28, 30 and 32 arranged in
mutual aligmnment. The first electrode 28 includes an

" elongated aperture 28a extending a substantial portion of
the ‘length of the electrode. Disposed along thellength of
the aperture 28a in a spaced manner are three enlarged
portions of the aperture.

The second electrode 30 includes three
keyhole-shaped apertures 30a, 30b and 30c arranged in a
spaced manner along the length of the electrode. As in
the case of the first electrode 28, the third electrode 32
includes an elongated aperture 32a extending along a
substantial portion of the length thereof and including
three spaced enlarged portions. Each of the



- 24- coupled to a constant voltage source 134 and is ch

pot enti al
details of

VF[err]. Referring also to FIGS. 19 an ~4dditi o ”;T
t he second el ectrode 130 which concern an aspegt| of this
i nvention will now be described. Each of the three keyhol f-shbZe®Ameogurles

130a, 130b

portion through which a respective one of the electron beg
As shown in the figures, the two outer k%?ﬁole-shaped ap
130c are provided with respective opening profile distortions or opening
enl argenments. in the formaf notches 130d and 130e on,lnngg, portLi t her eof
I A, ke L Sheney FESroiecs Thod optob EhanT 8 gemont <
(here not chesd admhgithdB3tel iaxisevhidisels kalighed shemerabbert ures 130a

and are in

and 130c

and 130c in the second el ectrode 130 includes panf enl arged cent
ans 1S diTecteds
tures 130a and

(e sPart]

en

vertically as shown in FIG. 1, or generally transverse to
the longitudinal axes of the apertures in the first and
third electrodes 28 and 32. With the first, second, and
third electrodes 28, 30 and 32 arranged generally parallel
and in linear alignment, the respective apertures of the
electrodes are adapted to allow the transit of three
electron beams 22, 24 and 26, each shown in the figure as
a dashed line. | '

The second electrode 30 is coupled to a constant
voltage source 34 and is charged to a fixed potential
VF;. The first and third electrodes 28, 32 are coupled
to a variable voltage source 36 for applying a dynamic
voltage VF, to these electrodes. The terms "voltage“
and "potential" are used interchangeably in the following
discussion. The present invention is described in detail
in the following paragraphs with the dynamic and static
voltages applied as indicated, although the principles of
this invention_alsc encompass applying a dynamic voltage

- to the second intermediate electrode 30 while maintaining

the first and third electrodes 28, 32 at a fixed voltage.
Referring to FIG. 2, there is shown a graphic
representation of the relative voltages at which the
second electrode 30 and the first and third electrodes 28,
32 are maintained over time. As shown in FIG. 2, the
VF; voltage is maintained at a constant value, while the
VF, voltage varies in a periodic manner with electron
beam sweep. The manner in which the VF, dynamic voltage
varies with electron beam sweep can be explained with
reference to FIG. 3 which is a simplified planar view of a
CRT faceplate 37 having a phosphorescing screen 38 on the
inner surface thereof. The dynamic focusing voltage VF,
applied to the first and third electrodes 28, 32 varies in
a periodic manner between a minimum value at point A and a
maximum value at point C as shown in FIG. 2. The minimum



unbal ance the horizontal focusing strength of the two oute p[§ﬁ&
to produce an asymmetrical field conponent having a refrac | n-TEnsT
where the strength of the refraction | ens on the two outer] el ectron beans
is proportional to the dynamc drive voltage V[err] appli ol héram ¢

and third electrodes 128 and 132. The refraction | ens effgct]_of the not chgd
I nner portions of the two outer keyhol e-shaped apertures 30a and 130c
noves the outer (here red and bl ue) el@ctT.on beans i nwar dib—er_out wardl y

al ong the horlzontal direction across the CRT's faceplate to reduce or

cancel th amgi.c b I f t he use of a
connon fo?uglyl% Q}_ 9"?or %@ﬂ%}s}%&sﬁﬁrﬁﬁﬁleﬁr&gl e%étj“r‘%% beans are
hori zont aPP?l&P@ﬁIeécééOéGt e vertimad cantaxnking R e LFRF nSCTROM t he

vol tages 88 &hen 'a"ssth%Wi'x & gp%ﬁiteq&'r %&&n@%@&ﬂ&? pehmd i ¥fe t 0 the
vol tage of the second el ectrode Ref errlﬁg to FIG 18, there

i s shown gefdectsranoriepniallye agrostdhsiSHesn G the | eted EF
quadr upol pebguareg fuythorhide flettddVifowl e tie Wighd4lh FIG. 3 in

the vicinity of point B, the dynamic voltage VF,
increases to the value of the fixed focus voltage VFy; as
shown at point B in FIG. 2. Further deflection of the
electron beams toward the right edge of the CRT screen 38
at point ¢’ occurs as the dynamic focus voltage VF,
increases to its maximum value at point C in FIG. 3 which
is greater than VF;. The dynamic voltage VF, then
decreases to the value of the fixed focus voltage VF, as
the electron beams are deflected leftward in FIG. 3 toward
point B’ which is intermediate the center and lateral edge
locations on the CRT screen 38. The dynamic véltaqe VF,
varies relativg to the fixed voltage VF, in a similar
manner when the electron beams are deflected to the left
of point A’ in FIG. 3 to cover the other half of the CRT
screen. In some color CRTs currently in use, suéh as
those of the COTY type, the dynamic focus voltage is
varied in a périodic manner but does not go below the
fixed focus voltage VF,. This type of dynamic focus
voltage is labeled VF,, in FIG. 2 and is shown in dotted
line form therein. The dynamic focus voltage is applied
to the first and third electrodes 28, 32 synchronously
with the deflection yoke current to change the quadrupole.
fields applied to the electron beam so as to either
converge or diverge the electron beams, depending upon
their position on the CRT screen, in correcting for
deflection yoke-produced astigmatism and beam defocusing
effects as described below.

Referring to FIGS. 4a and 4b, there is shown the
manner in which the spot of an electron beam 40 may be
controlled by the electrostatic field of a quadrupole
lens. The arrows in FIGS. 4a and 4b indicate the

T




I ncorporating the focusing el ectrode 130 of the present
=25- i nvention. In the arrangenent of FIG 18, the first,
third el ectrodes 128, 130 and 132 form a dynamic quadrupole
for el ectron beam astigmati sm and def ocusi ng caused by the
defl ection yoke. A fixed focusing voltage VF1 is applied to

el ectrode 130 while a dynamc 14 ‘

5 r!‘f‘f"l-\- ~
d and
conpensate

t he second

b ecfrorf'b'eamy

SHEET

direction of the forces exerted upon an electron

beam by

the electrostatic field. In FIG. 4a, the quadrupole lens
is horizontally diverging and vertically converging

causing a negative astigmatism of the electron beam 40.
This negative astigmatism corrects for the positive
astigmatism of the beam introduced by a COTY-type main

lens. Negative astigmatism correction is introduced when
the beam is positioned in the vicinity of the vertical
center of the CRT screen in a COTY-type main lens. In

FIG. 4b, the quadrupole lens is vertically diverging and

horizontally converging for introducing a positive
astigmatism correction in the electron beam. Positive

astigmatism correction compensates for the negative
astigmatism of the electron beam spot caused by the

self-converging magnetic .deflection yoke as the electron
beam is deflected adjacent to a lateral edge 6f the CRT'’s
screen. Positive and negative astigmatism correction is
applied to the electron beams in a COTY-type of CRT. 1In a
non-COTY~-type of CRT, only positive astigmatism is applied
in the electron beams. The manner in which the present
invention compensates for astigmatism in both types of

CRTs is discussed in detail below.

Operation of the dynamic quadrupole lens 20 for

an in-line color CRT as shown in FIG. 1 will now

be

described with reference to Table I. Table I briefly

summarizes the effect of the electrostatic field

qf the

dynamic gquadrupole lens 20 applied to an electron beam
directed through the lens. The electrostatic force
applied to the electrons in an electron beam by the
electrostatic field of the dynamic quadrupole lens is

shown in FIG. 5.

Referring to FIG. 5, there is shown a simplified
illustration of the manner in which an electrostatic
field, represented by the field vector E, applies a force,
represented by the force vector F, to an electron. An
electrostatic field is formed between two charged




focusing voltage V[err]+V[err] as applied to the first and[% ﬂéﬁﬁmfﬁ%réyEFT
128 and 132. A cathode K emts electrons which are control by various™>-'{
grids including a screen grid electrode Q. The electrons garg then directgd
to a first accelerating and focusing el ectrode G3. The G3 pl cBrdd&if §297

conprised of a G3 | ower section, a G3 upper section, and the| af orenmenti ondqd
dynam ¢ quadrupol e regi on di sposed therebetween. The respeftive apertures
128a, 130a and 132a in the first, secand.and third electrotdes 128, 130 and

132 are aligned to allow the transit of each of the three el ectron beans as
di scussed above and shown in FIG 17. A second accel erating and focusing

el ect lrodee%dwgﬁeeaqos‘eifd:rﬁ(ﬁwempéxo éﬂ&@d@r&fﬁaﬁgﬁdd im,?]V\#cbht&géDd Y-type
mai n | ens (9@) ,.c f.ocus reqiqgn r stage or me e and 4
el ectrode§t V1 a%%a@%ill%'ei %Fﬁ%cﬁ%%ﬁﬁ ] it ‘:"%a‘%3 of outer
keyhol e- sWapedhaper tWr e et thidic Wach The relectrostatotch is
di scl osed ' €] f ' ' ' m c
guadr upol ?%qgcyreﬁ%égﬁ%%lg%ﬁ%ﬂa@r%%eggf%%%eg?ﬁtep%%%hi ng profile
di storti owhile the force vector F is directed toward the upper

electrode because of the electron’s negative charge. FIG.

5 provides a simplified illustration of the electrostatic

force applied to an electron, or an electron beam,
directed through apertures in adjacent charged electrodes
which are maintained at different voltages. It can be
seen that the relative width of the two apertures in the
electrodes as well as the relative polarity of the two
electrodes determines whether the electron beam is
directed away from the A-A‘’ axis (divergence), or toﬁard
the A~-A’ axis (convergence). .

With reference to FIG. 1 in combination with
Table I, the horizontal slots 28a, 32a in the first and
third electrodes 28, 32 cause vertical divergence of the
electron beam when they are maintained at a Voltage
greater than the second electrode 30 such as when the
electron beams are positioned adjacent to a lateral edge
of the CRT screen. With the second electrode 30 |
maintained at a lower voltage VF; than the other two
electrodes when the electron beams are located adjacent
the CRT screen’s lateral edge, as shown at point C in FIG.
2, the vertically aligned apertures of the second
electrode effect a horizontal convergence of the electron
beams which reinforces the vertical divergence correction
of the other two electrodes. This combination of vertical
divergence and horizontal convergence of an electron beam
40 is shown in FIG. 4b and represents a positive
astigmatism correction which compensates for the negative
astigmatism introduced in the electron beam by the CRT’s
self-converging magnetic deflection yoke.

When the electron beams are positioned between
the center and a lateral edge of the CRT screen, all three



feature of the present inventionis not limted to use in a
duadrupol e I ens and may be used sinply by itself in virtual
conventional electron gun. Even when not used in a dynamc

t he of fset keyhol e design of the inventive focusing el ectro
refractive lens effect on the off-axis (outer) electron bea
strength of the refraction (asymetrical,).lens being propor

ug
He
B

dynam ¢ focusing voltage applied to the main |ens focusing
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horizontal ly displace the outer (here red and bl ue)

electrodes are at the same voltage and the dynamic
quadrupole lens does not introduce either an astigmatism

or a focus correction factor in the electron beams.

gt oty

In

non-COTY CRTs, the three electrodes are also maintained at
the same voltage when the electron beams are positioned on
a vertical center portion of the CRT screen as shown

graphically in FIG. 2 for the dynamic focus voltage

VF,,. In this case, because all three electrodes are

again maintained at the same voltage, the dynamic
quadrupole lens does not introduce a correction factor in
the electron beams to compensate for deflection yoke
astigmatism and defocusing effects. 1In COTY~-type CRTs,
the dynamic focusing voltage VF, applied to the first

and third electrodes 28, 30 is less than the fixed voltage
VF, of the second electrode 30 in the vicinity of the

center of the CRT screen. With the polarity of the

electrodes changed, the first and third electrodes 28, 32
introduce a vertical convergence in the electron beams as
shown in Table I. The second electrode 30, now at a
higher voltage than the other two electrodes, introduces a

horizontal divergence by virtue of its generally

vertically aligned apertures. The vertical convergence
effected by the first and third electrodes 28, 32 and the
horizontal divergence caused by the second electrode 30

introduces a negative astigmatism correction in the

electron beams as shown in FIG. 4a. The negative

astigmatism correction compensates for the positive
astigmatism effects of a COTY-type main lens on the

electron beams in the center of the CRT screen.

Although the first and third electrodes 28, 32
are each shown with a single elongated, generally

horizontally aligned aperture, the present invention also
contemplates providing each of these electrodes with a
plurality of spaced, aligned apertures each having a’ |
horizontally oriented longitudinal axis and adapted to
pass a respective one of the electron beams. In addition,




- 26- beans so as to reduce or cancel the dynamc red/blue NG

ef fect of the nmulti-beam el ectron gun. When not enpl oyed in rBEéG%ﬁE§§ GEEIu
el ectron beam focusing |l ens, the inventive el ectrode 130 is|disposed
internediate the G3 | ower and upper el ectrode portions, wth lh& 3imaT AT
third el ectrodes 128, 132 absent from such an'el ectron beam f ¢cusing _J
arrangenent . FIG 21 is a perspective view of anot her embodi ment
of an el ectron beam m sconvergence correction arrangenment 18Q including

first, second and third el ectrodes 152, 154 and 156. The second (m ddle)
el ectrode wbdlenthedeperatdergatrild prmigent arm&pﬁmaﬂx apes tthes fdxda, 154b

openi ng. ent o Bonearr iR kiR MY dfddind e IS dNa C Y
not ches prB‘FFGé' gheGhEMahead IexdssomvEr f coudiehyden|erass pyriucand he
refractiontheneref tetleen, the dynamic quadrupole lens may also be
positioned before beam cross over, or between the electron
' beam source and cross over. The effect of the dynamic
'quadrupole lens on the electron beans is reversed in these
two arrangements as shown in Table I.

Referring to FIGS. 6 through 12, there are shown
various alternative embodiments of the dynamic quadrupole
lens of the present invention. In the dynamic quadrupole
lens 50 of FIG. 6, the first and third electrodes 51 and
53 include respective elongated, generaily rectangular
apertures 5la and 53a through which the three electron
beams are directed. The second electrode 52 includes a
plurality of spaced, generally rectéﬂgular shaped
apertures 52a, 52b and 52c. Each of the rectanqular
apertures 52a, 52b and 52c is aligned lengthwise in a
generally vertical direction.

The dynamic quadrupole lens 60 of FIG. 8 is
similar to that of FIG. 6 in that the first and third
electrodes 61 and 63 each include a respective
rectangular, horizontally oriented aperture 61ia and 63a.
However, in the dynamic quadrupole lens 60 of FIG. 8, the
second electrode 62 includes three circular apertures 62a,
62b and 62c. Where circular apertures are employed, the
second electrode 62 will not function as a quadrupole lens
element, although the first and third electrodes 61 and 63
will continue to so operate. The three apertures 62a, 62b
and 62c may also be elliptically shaped with their major
axes oriented generally vertically, in which case the
second electrode 62 will function as a quadrupole lens
element to converge or diverge the electron beams, as the
case may be.

The dynamic'quadrupole lens 55 of FIG. 7 is a
combination of the lenses shown in FIGS. 1 and 8 in that



where the strength of the refraction lens on the two outer *REPEA@WWDEH”B“F.T“
is proportional to the dynamc drive voltage applied to the{f st and thlrcﬁ
el ectrodes 152 and 156. This el ectrode 160 is introduced fo ér};klens
arrangenent wherein it receives the higher applied potentiaf. 48 1997
Referring to FIG 22, there is showm a plan view of an elecfr 160 in

accordance w th anot her enbodi nent of the present invention The el ectrodée
160 is adapted for use in a dual quadruwas-e el ectron beam f

. arrangenent as descri bed above for the first and third electrodes wher e
the first and third el ectrodes are maintained at a higher voltage than a
second, niuheessbeodredecttodynﬁﬁidﬂhﬂnﬂasu;hndazqﬂrduiaqxﬂ¢md to the

el ectrode 49944068119 kdEacan AR HRE! LAF P ST it Suid

e
previous e nt-S "o a?% aperture IS provi di

plurality 8irsgased Sééﬁﬂp&§§p¢g°d§§hﬁ@g§nd1ﬁﬂuﬁﬂQhwﬁﬂﬁlQﬁﬁwnngs (enl ar ged’

portions) iB2pectédl aldniatedd! Mg iZMhtANY AN -apertures 56a
and 58a. Each of the apertures 56a and 58a includes a
plurality of spaced enlarged portions through which a
respective one of the electron beams is directed. The
dynamic guadrupole lenses 65 and 70 respectively shown in
FIGS. 9 and 10 also include three spaced electrodes in
alignment with three electron beams, wherein the
electrodes include various combinations of apertures
previously described and illustrated. In FIG. 9, the
first and third electrodes 66 and 67 are each shown with a
plurality of spaced elongated apertures having their
longitudinal axes in common alignment with the in-line
electron beans. .

Referring to FIG. 11, there is shown yet another
embodiment of a dynamic quadrupole lens 75 in accordance
with the principles of the present invention. The dynamic
quadrupole lens 75 includes first and third electrodes 76
and 78, which are each in the general form of an open
frame through which the electron beams pass, and a second
electrode 77 having three spaced, generally vertically
oriented apertures through each of which a respective one
of the electron beams is directed. The first and third
electrodes 76 and 78 do not include an aperture through
which electron beams are directed, or may be considered to
have an infinitely large aperture disposed within a
charged electrode. Any any rate, it has been found that
it is the dynamic focusing voltage applied to the first
and third electrodes 76 and 78 which functions in
combination with the charge on the second electrode 77,
and the apertures therein, to provide electron beam
convergence/divergence control in compensating for
electron beam astigmatism and defocusing. The dynanic
quadrupole lens 80 of FIG. 12 is similar to that shown in
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i5 directed through each of the openings 162a, 162b and 162c jal ong t he
| ength of the elongated aperture 162 in the el ectrode 160. W}t H) 3hMAR 1997
m ddl e

el ectrode 160 nmintai ned at a higher voltage than an adj acgntj,

el ectrode (not shown), the elongated aperture 162 is provided W Th a parT
of extensions 162e and 162d, each at a r~agpective end of t el ongat ed

aperture 162. The end extensions 162e and 162d of the el ongated aperture

162 provideFan unbal anced horizontal focusing field effect on

IG. 11, except that the three apertures in the second
electrode 82 are generally rectangular in shape and
operate in conjunction with the first and third
dynamically charged electrodes 81 and 83.

The dynamic quadrupole lens 75 operates in the
following manner. In a COTY-type CRT, the second
electrode 77 will be at a higher voltage than the first
and third electrodes 76, 78 when the electron beams are
positioned near the center of the CRT screen. The second
electrode 77 will thus cause a horizontal divergence
resulting in a negative astigmatism correction as shown in
FIG. 4a. The first and third electrodes 76, 78 cause a
vertical convergence of the electron beams to further
effect negative astigmatism correction. When the electron
beams are adjacent to a lateral edge of the CRT screen,
the second electrode 77 will be at a lower voltage than
the firs? and third electrodes 76, 78 resulting in
horizontal convergence and vertical divergence of the
electron beams as shown in Table I and as illustrated in
FIG. 4b as a positive astigmatism correction. Thus,
electron beam astigmatism and defocusing are corrected for
by the dynamic quadrupole lenses of FIGS. 11 and 12,
although the compensating effects of this electrode
arrangement are not as great as in the previously
discussed embodiments wherein éll three electrodes are
provided with apertures.

Referring to FIG. 13a, there is shown a
conventional bipotential type main lens (ML) electron gun
90. The bipotential type ML electron gun 90 includes a
cathode K which provides electrons to the combination of a
cgntrol grid electrode G1, a screen grid electrode G2, a
first accelerating and focusing electrode G3, and a second
accelerating and focusing electrode G4. A focusing
voltage VF, is applied to the first accelerating and
. focusing electrode G3, and an accelerating voltage V, ,,



theitwo outer electron beans to correct the focus-convergencqg HEM&MEWnSHEET

bet ween the red and bl ue beans arising fromchanges in the nmggnitude of the
dynami ¢ focus voltage. The difference between el ectrode 160 gnd fJ 8vMARS1a97
descri bed enbodiments is in the width (or height) of the extqnsions 162e

and 162d relative to the width of the elongated aperture 162.} I'Ta
preferred enbodi nent of el ectrode 160, the extensions 162e, 362d each have

awdth of Y =0.115 ml, while the width of aperture 162 is 0.065 m|. The
greater widths of the extensions 162d, 162e on each end of the el ongated

aperture 18ppiQeRs Wiy Ui ddidferd Pl i | ficediidce] Yo PUkET

el ectron beans allow ng for uced outer electron beam deflection in
correcting®he focus-convergence interaction arising fromchanges in the

focus vol tage. FIG. A3 WA athd ifartnes Nen pileEeta i dyeahion can be
bendi ng an SRARIRAT S ARHS 53, B0 I THRRTHNE [ & ceorer bt hor o O
limted tokilpwtential type ML electron gun. The dynamic guadrupole
lens 92 includes adjacent plates of a G3; electrode and
a G33; electrode to which a dynamic focusing voltage VF2
is applied. The dynamic quadrupole lens 92 further
includes a G3;, electrode, or grid, which is maintained
at a fixed voltage VF1l. The cathode as well as various
other control grids which are illustrated in FIG. 13a have
been omitted from FIG. 13b, as well as the remaining
figures, for simplicity. Thus, a bipotential type ML
electron gun may be converted to an electron gun employing
the dynamic quadrupole lens of the present invention by
separating its first accelerating and focusing electrode
G3 into two components and inserting a third fixed voltage
electrode G3, beﬁween the two accelerating and focusing
electrode components G3; and G3,.

Referring to FIG. 1l4a, there is shown a
conventional Einzel-type ML electron gun 94 which includes
G3, G4 and G5 accelerating and focusing electrodes.

Referring to FIG. 14D, there is shown the manner
in which a dynamic quadrupole lens 96 in accordance with
the present invention may be incorporated in a

_ conventional Einzel~-type ML electron gun. In the electron
gun arrangement of FIG. 14b, the G4 electrode is divided
into two lens components G4; and G4;, and a third
focusing electrode G4, is inserted between the adjacent
charged plates of the G4, and G4; electrodes. A fixed
focus voltage VF1l is applied to the G4, electrode, while
a dynamic focus voltage VF2 is applied to the G4, and
G4; eleclirodes. The dynamic quadrupole lens 96 within
the Einzel-type ML electron gun thus includes adjacent
charged plates of the G4, and G4; accelerating and
focusing electrodes in combination with an intermediate



preferred enbodi nents descri bed above. FIG 23 is a schemat
of the use of a focusing lens structure in a three-beamin-
whi ch the outer beans are electrically converged by use of

invention. Specifically, FIG 23 illustrates a pair of faci
170, 172 for converging three electron beans 174, 176 and 1
170 has apertures 180, -21-

G4, electrode which is maintained at a fixed focus
voltage VF1.

Referring to FIG. 15a, there is shown a
conventional QPF type ML electron gun 98. The QPF type ML
electron gun 98 includes G2, G3, G4, G5 and G6
electrodes. A fixed focus voltage VF is applied to the G3
and G5 electrodes.

FIG. 15b illustrates the manner in which a
dynamic quadrupole lens 100 in accordance with the present
invention may be incorporated in the G4 electrode of a QPF
type ML electron gun. In the arrangement of FIG. 15b, the
G4 electrode is comprised of G4,, G4, and G4;
electrodes. The G2 and G4, electrodes are maintained at
a voltage VG2, while the G4; and G4; electrodes are
maintained at a voltage VG2, . The VG2, voltage is
fixed, while the VG2, voltage véries_synchronously with
electron beam sweep across the CRT screen. _

Referring to FIG. 15¢, there is shown the manner
in which a dynamic guadrupole lens 102 in accordance with
the present invention may be incorporated in the GS
electrode of a conventional QPF type ML electron gun. In
the arrangement of FIG. 15c, the G5 accelerating and
focusing.electrode of a conventional QPF type ML electron
gun has been divided into three control electrodes GS,,
G5, and G5;. A fixed focus voltage VF1 is applied to
the G3 and G5, electrodes, while a dynamic focus voltage
VF2 is applied to the G5, and G5; electrodes. A VG2
voltage is applied to the G2 and G4 electrodes. The
dynamic quadrupole lens 102 is comprised of the G5,
electrode in combination with the adjacent plates of the
G5, and G5; electrodes. 1In FIG. 154, the G3 electrode
is shown coupled to the VF2 focus voltage rather than the
VF1 focus voltage as in FIG. 15¢. In the arrangement of
FIG. 154, two spatially separated quadrupoles each apply
an astigﬁatism correction to the electron beams. A first
quadrupole is comprised of the upper plate of the G3




182’and 184 which cooperate with apertures 186, 188 and 199&@31?@§&@*”ISHEET

el ectrode 172. Electrode 172 is adapted to receive a rel at
potential and electrode 170 is adapted to receive a relatiJelly gher
potenti al . I n accordance with the presént inventidn, t(ha MARCB82d
172 receiving the relatively |ower potential has an aperture jpattern so
configured so as to create symetrical field conponents for] the outer beans
174, 178 which have the effect of bendifgzer refracting thd_quter beans

174, 178 toward a di stant common poi nt. As expl ained in nore
detail and clainmed in our co-pending application, serial No. (DF-6269), a
dynami ¢ volet]agﬂzrmie.bd:lmop]ldmtp)lm of thehs@,f ehecétedevodad t@e, 172 to

cause the hga &erg;les 33 & 'lt_l?e %ﬁl fu&nc(g1 ‘?Qm% § g%def | ection.

In accordance mn |nven |on rical d conponent

acting upoﬁ’qllﬁ‘iﬁjt‘@z b’@rﬁrWEQ@lﬁﬁr%ucﬁ% b?n‘én‘Féx ging the apertures
186, 190llbrbdﬂﬁﬁﬁéé(ﬂ1iﬁﬁwﬁébéﬁ& Q@ﬂdﬁﬁp@ﬂéri#reoﬁﬁﬁlséheoﬁpeﬁéng
enl argerrents arepsl otvm ats tt?éleg Qfec gAe, the lower plate of the

G5; electrode, and the G5, electrode disposed

therebetween. The G5; and G6 electrodes form an

electron beam focusing region, while the combination of

electrodes G2 and G3 provide a convergence correction for
the two outer electron beams as the beams are swept across
the CRT screen with changes in the electron beam focus
voltage. This is commonly referred to as a FRAT (focus
refraction alignment test) lens. | '

Referring to FIG. 16, there is shown a
conventional BU type ML electron gun 104. The BU type ML
eiectrop gun 104 includes G3, G4, G5 and G6 electrodes.
An anode voltage VA is applied to the G4 and G6
electrodes, while a dynamic focus voltage VF is applied to
the G3 and G5 electrodes. ' .

FIG. 16b shows the manner in which a dynanmic
quadrupole lens 106 in accordance with the present
invention may be incorporated in a conventional BU type ML
electron gqun. The G5 electrode of the prior art BU type
ML electron gun is reduced to two electrodes G5; and
G5; with a third electrode G5, inserted therebetween.

The dynamic quadrupole lens 106 thus is comprised of
adjacent plates of the G5, and G5; electrodes in
combination with the G5, electrode. A fixed focus
voltage VF1 is applied to the G3 and G5, electrodes,
while the anode voltage VA is applied to the G4 and Gé6
electrodes. A dynamic focusing voltage VF, is applied
to the G5; and G5; electrodes in the electron gun.

A further preferred embodiment of the invention
is disclosed in FIGS. 17-20. Referring to FIG. 17, there
is shown a perspective view of a dynamic quadrupole lens



rounded protuberances 192, 194, respectively, in the profil - '
apertures 186, 190. Many ot her opening distortion geonetri ta@ENT SHEET
utilized in accordance with the present invention, dependert lupon the
nature and degree of unbal ancing of the fields on the outer| bednd MARC19Y
desired. FIG 24 illustrates yet another enbodi nent f the presen
I nvention wherein the asymetrical field conponent is forne V distorting
t he openings for the outer beans in botR28rectrode 196 recelving a

rel atively higher voltage and el ectrode 198 receiving a relatively |ower
500, 202 whiAh $68 e g chbal SBRCALECEBn SHE 4Rt BnBbIgTouRlardly avay
fromt he ceineorpenatipgnange@6fid gbhectreder 1do if8aadaptiatceowidhei ve t he
lover pot enf @l 5 Page AUt EhvBRRILAPE" THECayAdlli 8 "duddfupole lens 120
includes first, second and third electrodes 128, 130 and
132 arranged in mutual alignmnment. The first electrode 128
includes an elongated aperture 1l28a extending a
substantial portion of the length of the electrode.
Disposed along the length of the aperture 128a in a spaced
nanner are three openings in the form of enlarged portions
of the aperture. As in the case of the first electrode
128, the third electrode 132 also includes an elongated
aperture 132a extending along a substantial portion of the
length thereof and including three spaced openings in the
form of enlarged portions of the aperture 132a. The first
and third electrodes 128 and 132 are aligned so that
first, second and third electron beams 122, 124 and 126
respectively transit the corresponding enlarged portions
of the eiongated apertures 128a and 132a within the first
~and third.electrodes. The first and third electrodes 128,
132 are coupled to a variable voltage source 136 for
applying a dynamic voltage VF, to these electrodes.

The second electrode 130 is disposed intermediate
the first and third electrodes 128, 132 and includes three
keyhole-shaped apertures iSOa, 130b and 130c arranged in a
spaced manner along the length of the electrode. Each of
the aforementioned keyhole-shaped apertures 130a, 130b and
130c has a longitudinal axis which is aligned genherally
vertically as shown in FIG. 17, or generaliy transverse to
the longitudinal axes of the apertures in the first and
third electrodes 128 and 132. With the first, second and
third electrodes 128, 130 and 132 arranged generally
parallel in a linear alignment, the respective apertures
of the electrodes are adapted to allow the transit of the
three electron beams 122, 124 and 126, each shown in ﬁhe
figure as a dashed line. The second electrode 30 is



- 29- havi ng openi ng enl argenments 214, 216 which extend in Nk SHEET
the center beam opening 218. The FIG 24 enbodinent illustrat e ey
openi ng enl argenents may be enpl oyed in both the high voltage d | owner -

vol tage el ectrodes as well as in either alone and that these joper®3gMAR 1997

enl argenments nmay assune various forns. VWil e partic

enbodi nents of the present invention have been shown and descfibed, 1t wll
be obvious to those skilled in the art that changes and nodif tions pay

be made without departing fromthe inverd4on in its broader aspects. For
exanple, while the

coupled to a constant voltage source 134 and is charged to
a fixed potential VF,.

Referring also to FIGS. 19 and 20, additional
details of the second electrode 130 which concern an
aspect of this invention will now be described. Each of
the three keyhole-shaped apertures 130a, 130b and 130c in
the second electrode 130 includes an enlarged center.
portion through which a respective one of the electron
beams is directed. As shown in the figures, the two outer
keyhole~-ghaped apertures 130a and 130c are provided with

. respective opening profile distortions or opening
enlargements in the form of notches 130d and 130e on inner
portions thereof and are in the general form of an offset
keyhole. The opening enlargements (here notches) 130d and
130e in the offset keyhole~shaped apertures 130a and 130c¢
unbalance the horizontal focusing strength of the two
outer offset keyholes to produce an asymmetrical field
component having a refraction lens effect, where the
strength of the refraction lens on the two outer electron
beams is proportional to the dynamic drive voltage V,y,
applied to the first and third electrodes 128 and 132.

' The refraction lens effect of the notched inner portions
of the two outer keyhole-shaped apertures 130a and 130c
moves the outer (here red and blue) electron beams
inwardly or outwardly along the horizontal direction
across the CRT’s faceplate to reduce or cancel the dynanmic
outer beam misconvergence effect caused by the use of a
common focusing field for all three beams. The outer
electron beams are horizontally displaced either inwardly
or outwardly depending upon the voltages on the first and
third electrodes 128 and 132 relative to the voltage of
the second electrode 130.

Referring to FIG. 18, there is shown a sectional
view of the arrangement of FIG. 17 including a guadrupole
focusing type main lens (ML) electron gun 140
incorporating the focusing electrode 130 of the present



present invention has been described as applying a dynamc
ahd third electrodes and a fixed voltage to a second el ectr
t herebetween, this invention also contenplates applying a dyjngmc voTtage
to the second el ectrode while maintaining the spaced first. tigr AR 1997
electrodes at a fixed voltage. Therefore, the aimin the appended clarnsTs
to cover all such changes and nodifications as fall within tjh
and scope of the invention. The matter -ggL forth in the for
description and acconmpanying drawings is offered by way of illustraiton

only and not as a limtation. The actual scope of the invention is intended

to be defi imdentibhe fmhleubnarQh&g@héw&e@fV$§WQdﬂ&ﬂ1HM§'fﬂ¥§ﬁ“”

perspectivgaRai8dafl tHE B L9ecttbaes 128, 130 and 132 form a
dynamic quadrupole to compensate for electron beam
astigmatism and defocusing caused by the electron beam
deflection yoke. A fixed focusing voltage V;, is
applied to the second electrode 130 while a dynamic
focusing voltage V;,+V,,, as applied to the first and
third electrodes 128 and 132. A cathode K emits electrons
which are controlled by various grids including a screen
grid electrode G2. The electrons are then directed to'a
first accelerating and focusing electrode G3. The G3
electrode is comprised of a G3 lower section, a G3 upper
section, and the aforementioned dynamic quadrﬁpole region
disposed therebetween. The respective apertures 128a,
130a and 132a in the first, second and third electrodes
128, 130 and 132 are aligned to allow the transit of each
of the three electron beams as discussed above and shown

in FIG. 17. A second accelerating and focusing electrode
G4 is disposed adjacent to the G3 upper portion, with a
COTY-type main lens (ML) dynamic focus region (or stage)
formed by the G3 and G4 electrodes.

While a second electrode 130 having a pair of
outer keyhole-shaped apertures 130a and 130c each with an
inner notch is disclosed and illustrated herein as forming
a portion of a dynamic Quadrupole electron beam focusing
lens, as noted above, the opening profile distortion
feature of the present invention is not limitedlto use in
a dynamic quadrupole lens and may be used simply by itself
in virtually any type of conventional electron gun. Even
when not used in a dynamic quadrupole lens, the offset
keyhole design of the inventive focusing electrode 130
exerts a refractive lens effect on the off-axis (outer)
electron beams, with the strength of the refraction
(asymmetrical) lens being proportional to the dynamic
focusing voltage applied to the main lens focusing stage,
to horizontally displace the outer (here red and blue)
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beams so as to reduce or cancel the dynamic red/blue
misconvergence effect of the multi-beam electron gun.

When not employed in a quadrupole electron beam focusing
lens, the inventive electrode 130 is disposed intermediate
the G3 lower and upper electrode portions, with the first
and third electrodes 128, 132 absent from such an electron
beam focusing arrangement.

FIG. 21 is a perspective view of another
embodiment of an electron beam misconvergence correction
arrangement 150 including first, second and third
electrodes 152, 154 and 156. The second (middle)
electrode 154 includes three generally circular spaced
apertures 154a, 154b and 154c. The outer two apertures
154a and 154c include respective inwardly opening
enlargements in the form of directed notches 1544 and
154e. These notches provide an unbalanced horizontal
focusing field to produce the refraction lens effect,
where the strength of the refraction lens on the two outer
electron beams is proportiocnal to the dynamic drive
voltage applied to the first and third electrodes 152 and
156. This electrode 160 is introduced for use in a lens
arrangement wherein it receives the higher applied
potential.

Referring to FIG. 22, there is shown a plan view
of an electrode 160 in accordance with another embodiment
of the present invention. The electrode 160 is adapted
for use in a dual quadrupole electron beam focusing
arréngement as described above for the first and third
electrodes, where the first and third electrodes are
maintained at a higher voltage than a second, middle
electrode. A dynamic focusing voltage is applied to the
electrode 160 which includes an elongated aperture 162
therein. As in previous embodiments, the elongated
aperture 162 is provided with a plurality of spaced
beam-passing openings in the form of openings (enlarged
portions) 162a, 162b and 162c along the length thereof.
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a phosphor screen, said systemincluding a three-beam in-|
exciting said screen, said gun including, cathode neans and fofu dﬂ
means for developing a center beam and two outer beans and fpr fi % 1997
three focused el ectron beam spots at the screen of the tube,
el ectrostati c guadrupol e-devel opi ng neans configured and arrfanged to
devel op a horizontal |y unbal anced quadt3®vle field in the pa
sai d outer beans when appropriately excited, and system signal generating
'qa§ correlated with
n
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maintained at a higher voltage than an adjacent, middle
electrode {not shown), the elongated aperture 162 is
provided with a pair of extensions 162e and 162d, each at
a respective end of the elongated aperture 162. The end -
extensions 162e and 162d of the elongated aperture 162
provide an unbalanced horizontal focusing field effect on
the two outer electron beams to correct the
focus-convergence interaction between the red and blue
beams arising from changes in the magnitude of the dynamic
focus voltage. The difference between electrode 160 and
previously described embodiments is in the width (or
height) of the extensions 162e and 162d relative to the -
width of the elongated aperture 162. In a preferred
embodiment of electrode 160; the extensions 162e, 162d
each have a width of ¥ = 0.115 mil, while the width of
aperture 162 is 0.065 mil. The greater widths of the
extensions 1624, 162e on each end of the elongated
aperture 162 weakens the electrostatic field exerted on
the two outer electron beams allowing for reduced outer
electron beam deflection in correcting the
focus-convergence interaction arising from changes in the
focus voltage; |

As suggested above, the present invention can be
viewed in a broad context as providing means for
electrically refracting or bending an electron beam in
various applications in electron guns not limited to the
preferred embodiments described above. FIG. 23 is a
schematic illustration of the use of a focusing lens
structure in a three-beam in~-line gun in which the outer
beams are electrically converged by use of the present
invention. Specifically, FIG. 23 illustrates a pair of
facing electrodes 170, 172 for converging three electron
beams 174, 176 and 178. Electrode 170 has apertures 180;



guadr upol e- devel opi ng nmeans includes el ectrode neans having o
apertures shaped to create field-strength-dependent asymetri P&BEPHWNT §ﬁEET

fields whose strength varies as said signal varies. he system
of claim1l, wherein said devel opi ng neans includes at |east t éﬂﬁ 1997
el ectrodes, one adapted to receive a relatively*higher excitath n potentlal
and the other a relatively | ower excnunééwlpotentlal and i ncj udi ng
respective openings each having a profil® which interacts w thi_an opening —
in a facing el ectrode such as to create a quadrupolar field t her ebet ween

when differ%r% e dwaﬁt 'vﬁﬁé}?téﬁ%é’f&é‘rﬁﬁ? eéggtﬁgeéaigsfaggggaﬁhectrodes

a first one ectrod avli ng a cent eni n d two oufer

openi ngs aﬂﬁﬁhgédQQﬂéfqnﬁmﬁk#Q#ﬁPQﬁl¥ﬂ%xnrﬁkﬁp%&ﬁéeek?%nﬁ?n@dBPFﬁBgonal to
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In accordance with the present invention, the

electrode 172 receiving the relatively lower potential has

an aperture pattern so configured so as to create
symmetrical field components for the outer beams 174, 178
which have the effect of bending or refracting the outer
beams 174, 178 toward a distant common point.

As explained in more detail and claimed in our
co-pending application, serial No. (DF-6269), a dynamic
voltage may be applied to one or both of the electrodes
170, 172 to cause the beam convergence angle to vary as a
function of beam deflection. .

'In accordance with the present invention, the
asymmetrical field component acting upon the outer beams
174, 178 is produced by enlarging the apertures 186, 190
in a direction toward the center aperture 188. The
opening enlargements are shown as taking the form of
rounded protuberances 192, 194, respectively, in the
profile of the apertures 186, 190. Many other opening
distortion geometries may be utilized in accordance with
the present invention, dependent upon the nature and
degree of unbalancing of the fields on the outer beams
which is desired.

FIG. 24 illustrates yet another embodiment of the
present invention wherein the asymmetrical field cémponent
is formed by distorting the openings for the outer beams
in both electrode 196 receiving a relatively higher
voltage and electrode 198 receiving a relatively lower
voltage. Specifically, the electrode 196 has outer beam
passing openings 200, 202 which have opening enlargements
204, 206 extending outwardly away from the center beam
opening 208. The electrode 198 adapted to receive the
lower potential has outer beam apertures 210 and 212



- 32- aperture, but asymretrical about respective vertical

tthe outer openings to create asymmetrical outer beamfi el ds.
The system of claim 3 wherein said dynam ¢ quadrupol ar | ens
unpotential type conprising three el ectrodes, and wherein sg
said electrodes is the center el ectrode. 5. A thres
el ectron gun systemfor a col or cathodgzggy tube having a s¢
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having opening enlargements 214, 216 which extend
toward the center beam opening 218. The FIG. 24

inwardly

embodiment illustrates that opening enlargements may be
employed in both the high voltage and lower voltage
electrodes as well as in either alone and that these

opening enlargements may assume various forms.

While particular embodiments of the present
invention have been shown and described, it will be
obvious to those skilled in the art that changes and
modifications may be made without departing from the
invention in its broader aspects. For example, while the.
present invention has been described as applying a dynamic

voltage to first and third electrodes and a fixed

voltage

to a second electrode spaced therebetween, this invention
also contemplates applying a dynamic voltage to the second
electrode while maintaining the spaced first and third

electrodes at a fixed voltage. Therefore, the aim in the

appended claims is to cover all such changes and

modifications as fall within the true spirit and scope of
the invertion. The matter set forth in the foregoing
description and accompanying drawings is offered by way of
illustration only and not as a limitation. The actual
scope of the invention is intended to be defined in the
following claims when viewed in their proper perspective

based on the prior art.



sel f-converging yoke which inparts an undesirable astignati SREP) QR BEaRMEET
i‘n of f-center regions of the screen, said systemincluding gn ctron bea
source for devel oping three el ectron beans, focusing neans flor f(ﬂ u%g 97
said three el ectron beans at the screen of the tube, said f Si é nle

bei ng so constructed and arranged that changes in focusing field strength |
undesirably alter beam convergence, correcting |lens neans |ocated within or
coupled to said focusing neans for de\TeI3(9pi"ng an astigmatic ¥
in the path of each of said beans when said | ens neans is appropriately -

excited, and ans ftor ul atighg streng of sald astignatic T1¢ld
conponent as g function bf hea@ gef Ifgecticg\ angle to at least partially
conpensat e foﬂ said yoketin ucédgasrg gnatfisni¢ said of f-center regi pns of
the screen, sgid nodulat nggoi (z)saci d&astigratic field conponent al so
nodul ati ng saijd focusgn fi-.el"c'h-séreff‘gi-h nd Glesi rably creating err I S I n
the convergende of safd peags? 52 d X B r &8 Hgyl ens neans incl uding
el ectrode nmearfs having o begdm ghEE RZopeghing Pattern shaped to
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create asymmetrical outer beamfields effective to at | east
conpensate for said deflection-related beam convergence err
The system of claim5 wherein said correcting | ens nmeans co
dynam ¢ quadrupol e |l ens of the unipotential type conprising
and third el ectrodes.

7. The systemof claim®6 wherein said cgq}er

CLAIMS

1. A color cathode ray tube system having a
color tube with a phosphor screen, said system including a
three-beam, in-line gun for exciting said screen, said gun
including, cathode means and focus lens means for
developing a center beam and two outer beams and for
forming three focused electron beam spots at the screen of
the tube, and electrostatic guadrupole-developing means
configured and arranged to develop a horizontally
unbalanced quadrupole field in the ﬁath of each of said
outer beams when appropriately excited, and system signal
generating means for developing a signal having amplitude
variations correlated with the scan of the beams across
the screen and for applying said signal to said
electrostatic quadrupole-developing means to cause said
beams to converge and diverge as a function of the
strength of said signal.

2. The system of claim 1 wherein said
guadrupole~developing means includes electrode means
having outer beam apertures shaped to create
field-strength-dependent asymmetrical outer beam fields
whose strengfh varies as said signal varies.

3. The system of claim 1, wherein said
developing means includes at least two facing electrodes,
one adapted to receive a relatively higher excitation
potential and the other a relatively lower excitation
potential, and including respective openings each having a
profile which interacts with an opening in a facing
electrode such as to create a quédrupolar field
therebetween when different excitation potentials are
applied to said facing electrodes, a first one of said
electrodes having a center opening and two outer openings
arranged in a line along an electrode axis extending
orthogonal to the gun axis, said outer openings having
profile distortions which are symmetrical about said
electrode axis and a vertical axis through the center
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el ectrode is adapted to receive a | ower potential than said
el ectrodes, and wherein said center electrode has a center o
outer openings arranged in a line along an el ectrode axis or§
gun axis, said outer openings having profile distortions whi
symmetrical about said electrode axis and a vertical axis th

center opening, but asymetrical about [espective vertical gxi
out er openi ngs. 8. The systenT%?’cIain17 wherein sdid aperture
di stortions each take the formof a notch extending inwardly toward sart

center apert 9. three- ip-Lin o ectrgn gun
includimgaﬂéggaﬁzTcﬁPFe $¥?ﬁ?7§e€§$ﬁ% g%faegFgg%rgﬁggggﬁg,8%%%Iuding
at | east tuhrdugh rtheleutendeseningsrto createodsybmetyiaddpouliero recei ve
a reIathﬂgﬁéﬁﬂﬁggidgfcitation potential and a second el ectrode a
relatively lower excitation potential,_at |east one of said el ectrodes
havi ng a center opéehi ngt@csYskeBueEr CHRER Bg¥harpaRgeaifndyPaBigl ong an
el ectrode iddEHITWHINehst DstHE the unpotential type comprising

three electrodes, and wherein said first one of said

electrodes is the center electrode.

5. A three-beam in-line electron gun system for
a color cathode ray tube having a screen and a
self-converging yoke which imparts an undesirable
astigmatism to the beams in off-center regions of the
screen, said system including an electron beam source for
developing three electron beams, focusing means for
focusing said three electron beams at the screen of the
tube, said focusing means being so constructed and
arranged that changes in focusing field strength
undesirably alter beam convergence, correcting lens means
located within or coupled to said focusing means for
developing an astigmatic field component in the path of
each of said beams when said lens means is appropriately
excited, and means for modulating the strength of said
astigmatic field component as a function of bean
deflection angle to at least partially compensate for said
yoke-induced astigmatism in said off-center regions of the -
screen, caid modulating of said astigmatic field component
also modulating said focusing field strength and
undesirably creating errors in the convergence of said
beams, said correcting lens means including electrode
means having a beam passing opening pattern shaped to
create asymmetrical outer beam fields effective to at
least partially compensate for said deflection-related
beam convergence errors.

6. The system of claim 5 wherein said correcting
lens means comprises a dynamic quadrupole lens of the
unipotential type comprising first, center and third
electrodes.

QLT



gun axis, said outer apertures having profile distortions whi :HEB[ACEMFM? qg;ET
symmetrical about said electrode axis and a vertical axis thrpu e ?}
center opening, but asynmetrical about respective vertical ax sltﬁ%g1®ﬂquﬁ
out er openi ngs. 10. Athree-beamin-line electron guh fo :

cat hode ray tube, including neans for generating three beans pf ectrons
aligned in a conmmon plane - a center begm and two outer beans, and beam
bendi ng nmeans for producing asynmetricdl™ fields in the paths of—satrd—outer
beans for diverting said outer beans fromrespective straight |ine paths

toward a common point &k CUNAIGENSL. 'd ik din | S284 duRedAC N

el ectrodes, a first electrode belng adapted to receive a relatively higher
exci t at i o@lpStERECalisandapteast di raaaivve e pwer RIS LabvhaRxcit ati on

potenti al gadtl lfe2®t QA ¢hisd €lectrodes, and wherein said center
- electrode has a center opening and two outer openings
arranged in a line along an electrode axis orthogonal to

the gun axis, said outer openings having profile
distortions which are symmetrical about said electrode
axis and a vertical axis through the center opening, but
asymmetrical about respective vertical axis through the
ocuter openings.

8. The system of claim 7 wherein said aperture
distortions each take the form of a notch extending
inwardly toward said center aperture.

9. A three-beam in-~line color CRT electron gun
including an electron lens for influencing said electron
beams, including at least two facing electrodes, a first
electrode being adapted to receive a relatively higher
excitation potential and a second electrode a relatively
lower excitation potential, at least one of said '
électrodes having a center opening and two outer openings
arranged in line along an electrode axis orthogonal to the
gun axis, said outer apertures having profile distortions
which are symmetrical about said electrode axis and a
vertical axis thfough the center opening, but asymmetrical
about respective vertical axis through the outer openings.

10. A three-beam in-line electron gun for a
color cathode ray tube, including means for generating
three beams of electrons aligned in a common plane - a
center beam and two outer beams, and beam bending means
for producing asymmetrical fields in the paths of said
outer beams for diverting said outer beams from respective
straight line paths toward a common point of convergence,
comprising at least two facing electrodes, a first
electrode being adapted to receive a relatively higher
excitation potential and a second electrode a relatively
lower excitation potential, at least one of said

T




- 34- el ectrodes having a center opening and two outer openings arranged
in line along an el ectrode horizontal axis orthogonal to the ng ' EN?a%FEET
out er openi ngs havi ng opening distortions which are synmetri Ssal @G
el ectrode horizontal axis and a vertical axis through the centér openin

but asymmetrical about respective vertical axis through the qutled pHMRﬁ§37
to thereby produce said asymetrical fields for said outer bda
11. The el ectron gun of claim 10 wherei4s34sai d one el ectrode i|s Ssard
el ectrode adapted to receive said | ower potential and its outler beam

openi ngs have said opening distortion in the formof an opening enl argenent
electrodes having a center opening and two outer openings

arranged in line along an electrode horizontal axis
orthogonal to the gun axis, said outer openings having
opening distortions which are symmetrical about said
electrode horizontal axis and a vertical axis through the
center opening, but asymmetrical about respective vertical
axis through the outer openings to thereby produce said
asymmetrical fields for said outer beams.

11. The electron gun of claim 10 wherein said
one electrode is said electrode adapted to receive said
lower potential and its outer beam openings have said
opening distortion in the form of an opening enlargement
extending inwardly.towards said center opening.

12. The electron gun of claim 10 wherein said
one of said electrodes is said electrode adapted to
receive said higher potential and its outer beam openings
have said opening distortion in the form of an opening
enlargement extending outwardly away from said center
opening. ' ‘ _

_ 13. In a three-beam in-line electron gun system
for a color cathode ray tube having a screen and a
self-converging yoke which imparts an undesirable
astigmatism to the beams in off-center regions of the
screen, apparatus including an electron beam source for
developing three electron beams, focusing means for
focusing said three electron beams at the screen of the
tube, said focusing means being so constructed and
arranged that changes in focusing field strength
undesirably alter beam convergence, correcting lens means
located within or coupled to said focusing means for
developing an astigmatic field component in the path of
each of said beams when said lens means is appropriately
excited, and means for modulating the strength of said
astigmatic field component as a function of beam
deflection angle to at least partiélly compensate for said
yoke~induced astigmatism in said off-center regions of the

W



extending inwardly towards said center opening. Pt
gun of claim 10 wherein said one of said electrodes is sald EELA N SHEET
adapted to receive said higher potential and its outer beam pp nlngs have
sai d opening distortion in the form of an opening enl argenen XOQF¢M“BEE?
outwardly away from said center opening. 13. In a thre-beam

in-line el ectron gun systemfor a col o_,gat hode ray tube havj ngmastreen

and a sel f-convergi ng yoke which inparts an undesirable astijgmatismto the

beans in off-center regions of the screen, apparatus including an electron

beam sour cgci—eéndegahepmaauuataageb@ctsraqra la%ﬁgmafuiwﬁmmdrwnt
focusi ng sa e.el.ectron sai d focusing

f :
neans belnai§8 E8§§9F§&P8dsaﬁ§ %PF&ﬁd@@ ?Hﬁ@kgﬁgﬂﬁéﬁ} Elf%cu5|ng field
strength uuddesmahbyyabteatuumﬂanmmmﬂgmn¢mﬁ<umnwangenyeeﬂﬁssniﬁw | ocat ed

Wthin O BeuRked bl oo 8ol AR e A dRally (ARUAB hh DAL C 11l

conponent 1n each When said | ens means is
appropr|atgp9alanc1ng the outer beam astigmatic field component such

as to cause said outer beams to converge or diverge as a
function of the strength of said astigmatic field
components for at least partially compensating for said
deflecticn-related beam convergence errors.

14. The electron gun of claim 13 wherein said
means for unbalancing comprises a distortion in the
profile of one or both of associated coaxial beam-passing
openings in said facing electrodes. |

15. For use in a color cathode ray tube system
having a color tube with a cathodoluminescent screen, 'a
system adapted for usé with a deflection yoke having an
asymmetrical yoke field for self-converging said beams
which undesirably astigmatizes said beams in off-center
regions of the screen, said system including an in-line
electron gun for developing three electron beams for
exciting said screen, said gun including, for each of said
beams, means including cathode means for developing said
beam, focus lens means including focus electrode means for
receiving said electron beam and forming a focused
electron beam spot at the screen of the tube, said focus
lens means having a plurality of electrode means spaced
along a lens axis, beam correcting means incorporated in
said focus electrode means for developing in the path of
said beam when said beam correcting means is appropriately
excited, an astigmatic field component, and system signal
generating means for developing a signal having amplitude
variations correlated with a scan of the beams across the
screen ‘and means for applying said signal to said beam
correctipg means to cause, as a function of beam
deflection angle, the strength of said astigmatic field
component to vary to produce a dynamic

* c L ] -] *




excited, and neans for nodulating the strength of said astig

conponent as a function of beam deflection angle to at | east kA T SHEET
conpensate for said yoke-induced astigmatismin said off-cen}ef. Tegions of
t he -35-  screen, saidfn

f Ry

said astigmatic field conponent also nodulating said focusin
strength and undesirably creating errorg3n n the convergence
said correcting | ens neans including ne for

O

astigmatism~correction effect to at least partially
compensate for the beam-astigmatizing effect of said yoke,
said focus lens means being so constructed and arranged
that operation of said beam correcting means causes
undesired deflection-related misconvergence of said beams
as they are swept, said beam correcting means including
misconvergence compensation means for at least partially
compensating for said undesired beam misconvergence,
comprising at least two facing electrodes, a first
electrode being adapted to receive a relatively higher
excitation potential and a second electrode a relatively
lower excitation potential, at least one of said
electrodes having a center opening and two outer openings
arranged in line along an electrode axis orthogonal to the
gun axis, said outer openings having profile distortions
which are symmetrical about said electrode axis and a
vertical ‘axis through the center opening, but asymmetrical
about respective.vertical axis through the outer openings.

16. The system of claim 15 wherein said
misconvergence compensation means comprises an asymmetric
dynamic quadrupolar lens of the unipotential type
comprising first, center and third electrodes, the center
electrode being adapted to receive a relatively lower
excitation potential than the first and third electrodes,
the center electrode having its outer aperturés with éaid_
profile distortions.

B 17. The system of claim 15 wherein said center
electrode outer beam openings have said opening distortion
in the fcrm of an opening enlargement extending inwardly
toward said center aperture.

18. A color cathode ray tube system having a
color tube with a cathodoluminescent screen, said system
includiné an in-line electron gun for developing three
electron beams for exciting said screen, said.gun
including, for each of said beams, means including cathode
means for developing beam, focus lens means for receiving

LT




unbal anci ng the outer beam astigmatic field conponent such as to cause said
outer beans to converge or diverge as a function of the strengt o ——
astigmatic field conponents for at |east partially conpensating B L@@MENT SHEE
defl ection-rel ated beam convergence errors. 14. The el pcfron gun

of claim 13 wherein said means for unbal ancing conprises a distprli®r8 iMpR R 1997
the profile of one or both of associated 9oaX|aI beam passi ng opehni ngs I n

said facing el ect r odes. 15. For3dse in a color cathod ray tube

system having a color tube with a cathodolynlnescent screen, a lsystem

adapt ed fcwségﬁeglééhfbﬂe%égﬁtéﬂ -ggvhng ?HsgaygngEk%% peake field T
for self converglng sal eans I C S|ra8 y astigmatizes sald beans in

of f - cent er SRR s BhetFereences, tbal§u§9st§ﬁiﬂn€PGBFnée§ﬁ meansne el ectron

gun for de\miwﬂ:mcﬁgat@I@ﬁaEiE%t6?“eb66€§o&éfmééﬁst lsﬂacéal Ql%%@eﬁnafe%%' d gun
ncl u neans or

| udi ng,
EQSeFoLng %%E(jihégﬁé*%ﬁu °?%ﬁseﬁﬁgﬁ§gaﬁcPﬁaPﬁg gB%ﬁsmngétﬁeﬁé neans for
recei vi ng sigfiletteing osaidaelectirébnrheagsa tatdsgdke means having an

asymmetrical field for self-converging said beams which
undesirably astigmatizes said beams in off-center regions
of the screen, beam correcting means incorporated in said
focus electrode means for developing in the path of said
beam when appropriately excited a first astigmatic
acceleraﬁing field component and a second astigmatic
decelerating field component wherein said beam correcting
means includes three or more electrodes, the first of
which has for said beam a horizontally elongated aperture,
and system signal generating means for developing a signal
having amplitude variations correlated with a scan of the
beam across the screen and means for applying said signal
to said beam correcting means to cause, as a function of
beam deflection angle, the strength of said first and
second astigmatic field components to vary to produce a
dynamic astigmatism-correction effect to at least
partially compensate for the beam-ast1gmat121ng effect of
said yoke.

-19. A method of pfoviding dynamic convergence
control in an electron gun for a color cathode ray tube
having a screen, said method including the steps of
developing three electron beams, focusing said three
electron beams at the screen of the tube, using a
multi-element lens, the first element of which has three
horizontally elongated apertures, developing in the path
of each of said beams when appropriately excited at least
one astigmatic field component, and modulating the
strength of said first astigmatic field component as a
function of beam deflection angle.

20. The method of claim 19, wherein the electron
gun system has a self-converging yoke which imparts an

* [4 L n H *




el ectron beam spot at the screen of the tube, said focus |ens TﬁEPEA@ﬁthg QHEéj
Correct | ng o

a plurality of electrode neans spaced along a | ens axis, beam

of said beam when said beam correcting neans is appropriately px

means i ncorporated in said focus el ectrode nmeans for devel oping {n,the path
:ipéglmﬁhﬁﬂ7
L

astigmatic field conponent, and system signal generating neansjf

devel opi ng a signal having anplitude variations correlated with a scan of

t he beans across the screen and neans feggapplying said signal’
correcting neans to cause, as a function of beam deflection angle, the

strength of said astigmatic field conponent to vary to produce a dynam c

undesirable astigmatism to the beams in off-center regions
of the screen, said method including the step of
developing in the path of each of said beams when
appropriately excited, in back-to-back arrangement, a
first astigmatic field component and a second astigmatic
decelerating field component, and modulating the strength
of said astigmatic field components as a function of beam
deflection angle to at least partially compensate for said
yoke-induced astigmatism in said off-center regions of the
screen.

21. The method of claim 19 or 20, wherein the
multi-element lens comprises a three element lens.

: * 4 L M S *



- 36- astigmati smcorrection effect to at |east partially conpensate for

t he beam astigmati zing effect of said yoke, said focus | ens neans belng S0~
constructed and arranged that operation of said beam correcting neans
causes undesired deflection-related m sconvergence of said beans as they
are swept, said beam correcting neans irgyl udi ng, m sconvergence conpensation
nmeans for at |east partially conpensating for said undesired beam

m sconver genc¥ETHOB APRIRAZYS IFORSTONTROLLIING i DYYAMI G CONYRRGENCR GFi I St '
el ectrode bei AgPlARALIEUOF ELESTRIN BEAMS OF ot COIORy CATHADErRAYX TUBRL | on-potent i aL L
and a second electrode a relatively |ower excitation potential, at |east
one of said electrodes having a center opening and two outer openings

arranged in line along an ehgchhQdd ¢ tHY IO L LS the gun axis, said
out er openings having profile drstortrons
For use particularly in a color cathode ray tube
electron gun, means for diverting an electron beam from a
straight line path. The beam diverting means has general
utility, but is disclosed as part of a quadrupole lens for
correcting astigmatism introduced by an associated
self-converging yoke. The beam bending feature in the
dynamic quadrupcle compensates for convergence errors
undesirably ihtroduced_by the dynamic focus voltage.

FIGURE 17



mhlch are symretrical about said electrode axi s and a verg+
the center opening, but asymetrical about respective ver REﬁﬂAGHM%NT
the outer openings. _ 16. The system of claim15

guadrupol ar | ens of the unipotential tyype conprising firs
third el ectrodes, the center el ectrode being adapted to r
relatively | ower excitation potential than the first and fthird electrodes,
the center electrode having its outer apertures wth sai dprofrte

di stortions. 17. The_system of claim 15 wherein said center

el ectrode outer beam operd ngs—have~sai d opening distortion in the form of
an openi ng enl ar gepepRSEZENdi hg3é Nward wveyard said center aperture.

18. A col or cat hode an‘g g t em havi ng~alcol or tubespath a
cathodoluninescentEg 05 em gpcl udi tg~anA#T~J ne_el ectron gun
for devel opi ng t hr eeP€ , {Te, gai d gun

i ncludi ng, for each of sar~d_bedys
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means for devel opi ng beam focus | ens nmeans for receiving \\\q‘~\\\-_~""‘“‘-

-37- said el ectron beamand formng a focused el ectron beam spot
BEP 4
CroraOPMENT S

screen of the tube, said focus | ens neans having a plurality of el
means spaced along a |l ens axis including focus el ectrode neans, y
for deflecting said electron beans, said yoke neans having an asy,
field for self-converging said beans which undesirably astigmati
beans in off-center regions

tgi |
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of the screen, beam correcting neans incorporated in said focus el ectrode

nmeans for developing in the path of said beam when appropri Ely et —a
first astigmatic accelerating field conmponent and a second MeNT SHEET
decelerating field conponent wherein said beam correcting s includes
three or nore el ectrodes, the first ofywhich has for said m@G 3 MAD foqy

hori zontal | y el ongated aperture, and systenlslgnal gener atifn neans for

devel opi ng a signal having anplitude variations correlated]w th"a scan of.

t he beam across the screen and neans for applying said sig Lo said beam

correcting neans to cause,
strength of smtjfdrst and
produce a dynam c tigmtis
conpensate for the betags
met hod of providing dy
col or cat hode ray

devel opi ng

nction of beam deflection angle, “The—
gmatic field conponents to vary to
effect to at least partially
: of said yoke. 19. A
in an el ectron gun for a

G3) ¢ vF2

VFi

F1G.13b

FIG.13a



el ectron beans at the screen of the tube, using a multi-elenent |ens, the
first el ement of which has three horizontally el ongated apert’u-:-eL .
devel oping in the path of each of said beanms when appropri-atse REH_)A@,tEU‘:’atgHEETj
| east- one astigmatic field conponent, and nodul ating the strgngth of said
first astigmatic field conponent as a function of beam defleqti 03] gnﬂ E .

20. The nethod of claim 19, wherein the electron gun system hag AR 1997
sel f-convergi ng yoke which inparts an |

- 38-
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undesi rabl e astighatisn1to the beans in off-center regions of the screen,
said nethod including the step of developing in the path of each of said
beans when appropriately excited, in back-to-back arrangenent fA AT ———
astigmatic field conponent and a second astigmatic decel erati l#gﬁ§~5MT SHEET

. conponent, and nodul ating the strength of said astigmatic figld conponents
as a function of beamdeflection angle to at |east partially]c nﬂbasmmg Emy
sai d yoke-induced astigmatismin said off-center regions of ffhe screen.

21. The nethod of claim 19 or 20, wherein the nulti-element |l ens tonprises
a three elenent |ens.
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