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@ Improved lateral convergence correction system.

@ An improved lateral convergence deflection system for a
delta-gun shadow mask color CRT (10} includes first, second
and third lateral convergence coils (20, 22, 24) mounted on
the CRT neck (10) radially outward from the paths of the
electron beams (14, 16, 18) from the three guns. The coils are
connected in series electrically, and are of suitable strength
and orientation to provide a substantially unidirectional,
vertical field in the path of one (e.g., the blue) beam (14), and
field nulis in the paths of the other two {e.g. the red and
green) beams (16, 18). By varying the current passed through
the coils by a convergence drive amplifier, the blue beam
may be shifted laterally without producing any substantial
movement of the other two beams.
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IMPROVED LATERAL CONVERGENCE
CORRECTION SYSTEM

Background of the Invention

Field of the Invention

The present invention relates generally to aeflec—
tion convergence systems for multi-gun shadow mask
cathode-ray tubes (CRTs), and more particularly to an

improved lateral convergence system for such tubes.

Description of the Prior Art

The color CRTs used in most present-day tele-
vision and similar color image display systems have
three electron guns -- one for each of three primary
colors (red, green and blue). The guns are disposed
symmetrically in a triangular or "delta" arrangement
around the central axis of the tube, and generate
individual electron beams that pass . .through small
holes in a shadow mask positioned between the guns and
a cathodoluminescent display screen. The display
screen is formed of three color phosphors deposited in
a regular pattern of dots on the inner face of the
CRT. The relative locations of the phosphor deposits
and shadow mask apertures is such that, ideally, each
electron beam strikes only the deposits of its respec-
tive color. An electromagnetic deflection yoke posi-
tioned between the electron guns and the screen de-
flects the three beams over the screen surface. To
produce color images correctly, the three electron
beams must be coincident at the screen's surface in
the absence of a deflecting field (static convergence)
and under all conditions of deflection (dynamic conver-
gence).

Static convergence may be achieved by applying
fixed magnetic fields to one or more of the beams
using suitable external magnets. To maintain the three
beams in coincidence during scanning of the screen,

suitable waveforms generated in synchronization with
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the horizontal and vertical deflectiort signals are
applied to individual red, green and blue convergence
coils mounted on the CRT neck. The currents produced
in these coils by suitable drivers move each beanm
radially to achieve dynamic convergence. '

To obtain complete convergence of the three
beams, however, an additional degree of freedom is
required. For this purpose a fourth convergence wave-
form may be applied to a dynamic lateral convergence
coil assembly to shift one beam (usually the blue
beam) horizontally relative to the others. Such "dy-
namic blue lateral" convergence is particularly needed
with high resolution shadow-mask CRTs, because of the
superior convergence accuracy they require.

Prior art lateral convergence correction systems
move the blue beam horizontally in one direction while
moving the red and green beams in the opposite direc-
tion. Such a system is described, for example, in
J. S. Beetson et al., IBM J. Res. Develop., vol. 24,
no. 5, September 1980, pp. 598-611. While such an

approach seems, in theory, to be satisfactory, it is
difficult to implement because of the requirements
that the red and green beams not separate while they
are being shifted laterally, and that the blue beam
not move vertically with respect to the red and green
beams. They also require a complex magnetic field

structure, which is costly to design and produce.

Objects and Summary of the Invention

Accordingly, ‘a general object of the present in-
vention is to provide an improved lateral convergence
correction system for a delta-gun shadow mask CRT.

A more specific object of the invention is“to
provide a delta-gun CRT electron beam convergence sys-
tem capable of shifting one beam 1laterally without
substantial movement of the other two beams.

Another object of the invention is to provide a
lateral convergence coil assembly of relatively simple

construction.
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These and other objects of the present invention
are realized, according to the best mode presently
contemplated for its practice, by providing a conver-
gence correction system that includes three series-
connected lateral convergence coils arranged to pro-
vide a vertically-oriented magnetic field in the path
of the blue beam and essentially zero magnitude fields.

in the paths of the red and green beams.

Brief Description of the Drawing

The present invention will become more fully un-
derstood from the following detailed description and
the accoﬁpanying drawing, wherein:

FIG. 1 is a simplified cross-sectional view of a
delta-gun CRT neck showing the positions of the lat-
eral convergence coils relative to the three electron
beams, and the magnetic field produced by the coils;

FIG. 2 is an enlarged plot of a calculated magne-
tic field strength profile of the FIG. 1 convergence
coil assembly; and

FIG. 3 is a simplified schematic diagram of a

convergence coil driving circuit.

Detailed Description

Referring now to the drawings, a cross-sectional
view of a delta-gun CRT neck at the location of the
lateral convergence coils is shown in FIG. 1. Three
electron guns (not shown) within neck 10 of the CRT,
arranged symmetrically around its central axis 12,
emit electron beams that travel along paths 14, 16 and
18 through the neck. For purposes of explanation, the
blue beam will be assumed to travel along path 14, the
red beam along path 16 and the green beam along path
16. Suitably mounted around the CRT neck radially
outward from beam paths 14, 16 and 18 are first,
second and third lateral convergence correction coils
20, 22 and 24, respectively. The three coils are

connected in series electrically, and are disposed
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with their pPlanes oriented along the tube's central
axis as shown. Coil 20 is mounted directly above the
blue beam, and is oriented vertically so that it adds
only a vertical component to the magnetic field in the
path 14 of the beam. Coils 22 and 24 have an equal
number of turns, and,are arranged symmetrically rela-
tive to coil 20 (and are -thus symmetrical about the
vertical plane containing coil 20 and beam path 14).
The horizontal components of their fields thus cancel
each other in the wvertical direction. Unipotential
field lines 26 show the net magnetic field produced by
coils 20, 22 and 24.

Coil 20 has a greater number of turns than coils
22 and 24, and thus has a pole strength that is higher
by a factor K. The angle theta () between coil 20 and
each of coils 22 and 24, the angle beta (g) between a
radial at angle 6 and the plane of coil 22 (or 24) and
pole strehgth coefficient K are adjusted to provide
nulls in the magnetic fields surrounding beam paths 16
and 18. Once the proper values for 6 8, and K are
established, either emperically or by calculation, the
blue beam may be moved laterally without substantial
effect on the red and green beams by varying the
current flow through the series-connected coils. The
direction of blue beam movement will depend, of
course, on the direction of current flow in the coils.

As will be seen in FIG. 1, the blue beam path 14
passes through a relatively high strength, vertically-
oriented field, while the magnetic field in the paths
16 and 18 of the red and green beams is at or near
zero. FIG. 2, a computer-calculated plot of the field
strengths produced by a lateral convergence coil assem-
bly according to the present invention, shows more
clearly how the field is effectively nulled at path
locations 16 and 18 through which the red and green
beams travel.

FIG. 3 shows a suitable electrical circuit for
driving lateral convergence coils 20, 22 and 24. Hori-

zontal and vertical scanning signals, which are typi-
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cal synchrénized ramp signals of different frequen-
cies, are applied to the X and Y input terminals, and
converted into a suitable convergence signal, such as
a parabola signal, by a waveform converter 30. The
convergence signal is amplified by a 1linear class B

transconductance output amplifier 32, which includes

symmetrically-connected transistors 38 and 38', 40 and
40', 42 and 42', input resistor 44, feedback resistors
46 and 46', controllable current source 34 and anti-

saturation circuit 36.

Controllable current source 34 includes PNP tran-
sistor 52 and variable resistor 54 to provide a con-
trollable output bias current depending on the setting
of the wvariable resistor. The output current is shared
by input stage transistors 38, 38' to drive inter-
mediate stége emitter-follower transistors 40, 40!
which drive output stage common emitter transistors
42, 42'., First, second and third coils 20, 22 and 24
are serially connected between the collectors of tran-

sistors 42, 42' and voltage source +V Anti-satura-

tion circuit 36 includes back-to-back giodes 58, 58',
which are respectively connected to the collectors of
transistors 42, 42'. The common junction of diodes 58,
58' is 'cénnected "to reference voltage source +V1,
through diodes 60. Intermediate emitter-follower tran-
sistors 40, 40' may be deleted to simplify the circuit
if transient signals are not included in the input
signal. However, the emitter follower stage is used in
this embodiment to improve the circuit response.

The circuit operates as follows. The convergence
control signal from waveform converter 30 is applied
to input resistor 44 of ampiifier 32. Input stage tran-
sistors 38, 38' and current source 34 constitute a
conventional differential amplifier. When the input
signal to amplifier 32 is negative, transistor 42' is
feverse biased or non-conducting, and the 1left-hand
side of amplifier 32 including transistors 38, 40 and
42 and feedback resistor 46 operates as a conventional

operational amplifier to develop the corresponding out-
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put voltage on the emitter of NPN transistor 42. This
output voltage is given by (—R46/R44) e;  and causes
the signal current to flow in resistor 50. Most of the
signal current flowé into the emitter and collector of
transistor 42 and then in one direction through .the
left-hand side of convergence coils 22, 24 and 20.
Diode 58' in anti-saturation circuit 36 prevents’ the
collector voltage of transistor 42 from decreasing
substantially below the supply voltage vy (e.g., +5
volts), thereby avoiding saturation of transistor 42,
which is detrimental to high speed operation. _

When the input signal to amplifier 32 is posi--
tive, transistor 42 is non-conducting and transistor
38 and all the right hand side circuit section includ-
ing transistors 38', 40' and 42' are activated to form
a noninverting amplifier. As the input signal in-
creases in a positive direction, less current flows in
transistor 38 and more current in transistor' 38",
thereby increasing the base Qoitage and, in turn, the
emitter voltage of transistor 40'. As a result, more
collector-emitter current flows in output stage tran-
sistor 42' and in an opposite direction through the
right side of convergence coils 20, 24 and 22. The
symmetrical circuit arrangement of amplifier 32 en-—
sures that the drive to the convergence c¢oils is
éymmetrical.

Since the coils 20, 22, and 24 are connected in
series, the coils will be energized equally. There-
fore, the position of the zero flux areas around the
red and green beam paths will not be altered with
changes in the current through them. The amount or
degree of energization of the three convergence coils
will effect only the lateral position of the blue beanm.

As will be appreciated from the foregoing descrip-
tion, the lateral convergence control apparatus of the
present invention is very simple in construction and
allows one beam (i.e., the blue beam) to be shifted\
laterally without affecting the other two beams. This

avoids problems inherent in prior art approaches that
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attempt to shift the red and green beams in a direc-
tion opposite to the movement of the blue beam.

The invention being thus described, it will. be
obvious that the same may be varied in many ways. For
example, the three coils may be identical if the pole
strength of one of the three coils is controlled by
any other external means. The driving circuit for the
convergence coils may be of any conventional design.
Such wvariations are not to be regarded as a departure
from the scope of the invention and all such modifica-
tions are intended to be included within the scope of

the following claims.
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CLAIMS:

1. A 1lateral convergence deflection system for
a delta-gun color CRT, comprising

first, second and third means for producing magne-
tic fields in a region of the CRT traversed by elec-

tron beams from the three electron guns, the relative

'strengths and orientations of the fields being chosen

to provide a substantially unidirectional field .in the
path of one beam and field nulls in the paths of the

other beams.

2. The deflection system of claim 1, wherein
said first, second and third means comprise first,
second and third coils disposed at circumferentially
spaced-apart 1locations around a neck portion of said

CRT.

3. The deflection system of claim 2, wherein
said coils are connected in series for excitation by a

common drive circuit.

4. The deflection system of claim 3, wherein
two of said coils produce magnetic fields of substan-
tially identical strength, and wherein the third coil
produces a field of greater strength than the other

two.

5. A 1lateral convergence deflection system for
a delta-gun color CRT that includes a neck section
traversed by first, second and third electron beams
from the three guns, said éystem comprising

first, second and third means mounted on said
neck section for producing magnetic fields within the
region through which the beams pass, each of said
means being disposed radially outward from the path of
a different beam, the relative strengths and erienta-

tions of said fields being such that a substantially
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unidirectional radial field is provided in the path of
one beam, and field nulls are provided in the paths of

the other two beams.

6. The deflection systems of claim 5, wherein
said first, second and third means comprise first,
second and third coils, two of which produce substan-
tially identical strength fields, the other of which

produces a field of greater strength than the other
two.

7. The deflection system of claim 6, wherein
said first, second and third coils are connected in
series, with said two coils having an identical number
of turns'and said other coil having a greater number

of turns.

8. The deflection system of claim 7, further
including electrical circuit means for driving the
series-connected coils with a convergence correction

signal.

9. The deflection system of c¢laim 8, wherein
said coils, upon being driven by said correction sig-
nal, produce a net field that shifts one of said beams
laterally without substantially affecting the other

two.

10. The deflection system of claim 9, wherein
the laterally-shifted beam is the blue beam in a red,

green, blue tricolor CRT.
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