
1               EP  0 176 589 B1                   2 Description
[err]= -0.100020398x [err] [err]=+0.1 17915353x 10-14 This invention
relates to north-south pincush-              [err]=+0.527722295x [err] ion
corrected deflection circuits. Picture tubes for video apparatus such as
tele-    5  The picture tube faceplate defined by this for- vision
receivers or computer monitors may           mula has a relatively shallow
curvature near the require modulation of the field deflection current
center of the faceplate, which increases near the for correcting a
geometrical distortion known as    edges along paths parallel to both the
major and north-south pincushion distortion. A cause of this  minor axes of
the tube. The overall result is a distortion is the difference between the
beam    10   faceplate of relatively flat appearance and with scanning
radius of curvature and the tube face-     planar edges, namely, with
points along the top, plate radius of curvature. New, flatter faceplate
bottom, right and left edges located substantially picture tubes having
aspherical faceplate cur-     in a common plane. vatures require a more
complex form of north-        The present invention, various aspects of
which south pincushion correction that is provided for a    15   are set
forth in the appended claims, permits conventional spherical faceplate
picture tube.     additional control of north-south pincushion dis- A tube
of the type having a complex curvature    tortion correction so as in
general to make it more faceplate is described in the following U.S. patent
complete and accurate and in particular, in the applications:
case of picture tubes having aspherical faceplates 1. U.S. Patent
Application Serial Number   20   as discussed above, to remove the
remaining 469,772, filed February 25,1983, in the name of F.  north-south
pincushion distortion which tends to R. Ragland, Jr. and entitled,
Cathode-Ray Tube     be left uncorrected by prior pincushion correction
Having an Improved Shadow  Mask Contour,           circuits when used with
such tubes because of the corresponding  to  UK  published Application
faceplate asphericity. 2136200A, published 12 September 1984.        25
This and other features of the invention will be 2. U.S. Patent Application
Serial Number         further explained in the following description of
469,774, filed February 25, 1983 in the name of F.  the accompanying
drawings in which: R. Ragland, Jr, and entitled, Cathode-Ray Tube
Figure 1 illustrates a vertical deflection circuit Having a Faceplate Panel
With a Substantially      that includes a north-south pincushion correction
Planar Periphery, corresponding to UK published   30   circuit embodying
the invention; Application 2136198A published 12 September          Figure
2 schematically illustrates a square- 1984.
planar picture tube and its associated vertical and 3. U.S. Patent
Application Serial Number          horizontal deflection  windings, that
advan- 469,775, filed February 25, 1983, in the names of  tageously uses a
vertical deflection circuit that R. J. D'Amato et al., and entitled,
Cathode-Ray   35   includes an inventive embodiment of a north- Tube Having
Different Curvature Along Major and    south pincushion correction circuit;
Minor Axes, corresponding to UK published            Figure 3 illustrates a
vertical deflection circuit application 2136199A, published 12 September
that includes a different north-south pincushion 1984.
correction circuit, in accordance with an aspect of 4. U.S. Patent
Application Serial Number   40   the invention; and 529,644, filed
September 6,1983, in the names of     Figures 4-11 illustrates waveforms
useful in R. J. D'Amato et al., and entitled, Cathode-Ray    explaining
operation of the circuits of Figures 1 tube Having a Faceplate Panel with
an Essentially  and 3. Planar Screen Periphery, corresponding to UK
In Figure 1, a vertical deflection circuit 20, published Application
2147142A, published 1 May   45   includes a vertical deflection amplifier
21 coupled 1985.                                              to a vertical
deflection winding [err] for generating a In one form of flatter faceplate
picture tube, as  vertical deflection current [err] in the deflection
typified by the RCA [err] COTY-SP, square-planar,   winding. Vertical
deflection current iv flows to 27V, color television picture tube,
A68ACC1OX,     ground via an LC resonant circuit 22 or tank circuit the
formula for the tube faceplate sagittal height,  50   of a north-south
pincushion correction circuit 23 z, in millimeters, with reference to the
center of  embodying the invention, via a coupling capacitor the faceplate
is given by:                         Cv and via a sampling resistor [err]
The vertical rate sawtooth voltage 24 developed by the deflection [err]
current [err] in sampling resistor [err] provpdes nega- 55   tive feedback
for vertical deflection amplifier 21. Current in vertical deflection
winding [err] in where X and Y are the distance coordinates, in
conjunction with current in horizontal deflection millimeters, from the
faceplate center along the   winding [err] both schematically represented
in major and minor axes, respectively, and where:     Figure 2, provide
raster scanning of the electron 60   beams across the screen of a
square-planar color A, =0-.236424229x 10-4                   picture tube
SP. As previously discussed the A2=-0.363538575x[err]
faceplate 30 of square-planar picture tube SP is A3=-0.422441063x [err]
aspherical, with the faceplate curvature along [err]=-0.213537355x [err]
both the major and minor axes increasing [err]=+0.883912220x [err]
65   towards the edges of the faceplate. The overall 2  



3               EP 0176 589 B1                       4 result is that the
surface of the faceplate and thus  amplitude of cosine correction current
[err] the of the phosphor screen located on the inside          magnitude
of the two conduction levels are surface of the faceplate, is relatively
flat, overall,  varied at a vertical rate in a sawtooth manner. In with
edges lying substantially in one plane.          this way, the envelope of
the line rate modula- Horizontal deflection current is generated in    5
tion of the vertical deflection current [err] is of horizontal deflection
winding [err] of Figure 2 by a     maximum height at the top and bottom of
the horizontal deflection circuit 19. Vertical deflection  raster and
minimum at the center, thereby pro- current is generated in vertical
deflection wind-     viding the proper amount of north-south pin- ing [err]
of Figure 2 by a vertical deflection circuit   cushion correction at all
times during vertical 220, that comprises either the inventive circuit 20
10   scan. of Figure 1 or the inventive circuit 120 of Figure      Control
circuit 26 includes first and second 3, to be discussed later.
control amplifiers [err] and [err] differentially con- North-south
pincushion distortion of a raster       nected, for generating first and
second control being displayed on the screen of a square-planar
currents [err] and [err] at the respective collector picture tube may be
corrected, in accordance    15   outputs of transistors [err] and [err] The
collector with an aspect of the invention, by means of a        outputs of
control amplifiers [err] and [err] are line rate, cosine current which is
added to the      switched to ground at a line rate by respective field
deflection current. The cosine correction       first and second control
switches, QA and QB. current, in addition to substantially correcting
To produce the line rate switching of control north-south pincushion
geometric error, pro-   20   switches QA and QB, a horizontal retrace pulse
vides a better fit for a residual line frequency      voltage 31,
identified as the voltage [err] in Figure distortion of the raster, such as
gullwing distor-     4a, is conventionally developed at an input ter- tion,
caused by the nonspherical nature of the        minal 29. Horizontal
retrace pulse voltage 31 is faceplate of a square-planar picture tube. Such
integrated by a resistor [err] and a capacitor [err] into residual
distortion is discussed in British Patent   25    a horizontal sawtooth
voltage 32, identified as Application Number 8414946, filed 12 June 1984,
the voltage [err] in Figure 4b. Horizontal sawtooth entitled Suppressed
Carrier Modulator, and in         voltage 32 is applied to the inverting
input ter- British Patent Application Number 8414947, filed     minal of
switch QA and to the noninverting input 12 June 1984, (EP-A-185082)
entitled N-S Ras-        terminal of switch QB. The other input terminals
ter Correction  Circuit. The cosine function    30   of switches QA and QB
are grounded. corrects most of this residual error because of        As
illustrated in Figures 4c and 4d by switching the change in polarity of
slope of the cosine         voltages 27H and 28H, the outputs of control
current at each zero crossing. A parabolically       switches QA and QB are
switched between con- shaped line rate correction is less beneficial than
ductive and nonconductive states at a line rate in a cosinusoidally shaped
correction because of-  35    phase opposition to each other. Thus, during
the the presence of gullwing distortion.                  interval [err]
through [err] switch QA is in saturated To generate a line rate cosine
correction cur-      conduction and switching voltage 27H is at rent
component in field deflection current [err] LC    ground potential. During
this interval, control resonant circuit 22 of Figure 1 is excited at a line
switch GB is cutoff and switching voltage 28H is rate by a switching
amplifier. Darlington tran-   40   at the voltage level of the collector of
control sistor Q4. LC resonant circuit 22 is tuned to the     amplifier
[err] During the next half horizontal horizontal deflection frequency. A
line rate         cycle, between time [err] and time [err] control switch
cosinusoidal circulating current i, is thereby        QA is cutoff and
control switch QB is in saturated generated in resonant circuit 22. A
control circuit  conduction. Switching voltage 28H is at ground 25 develops
a control signal 33H that switches   45    potential and switching voltage
27H is at the conductive levels of a controllable switch consti-   voltage
level of the collector of control amplifier tuted by switching amplifier
[err] at a line rate. In    [err] accordance with an inventive aspect, the
switch-       The line rate, switching voltage 27H and 28H ing occurs with
a substantially 50% duty cycle.      are superimposed at the base of a
driver tran- The 50%  duty cycle of control signal 33H is   so   sistor
[err] via diodes [err] and D2. Transistor [err] is advantageous when
exciting LC resonant circuit       arranged in an emitter-follower
configuration. 22 at its natural frequency fH. Because the          The
emitter output electrode of driver transistor strongest frequency component
of the 50% duty         [err] is AC coupled to the base of power switching
cycle signal is the fundamental frequency, [err]        amplifier [err] via
a capacitor [err] In carrying out an little harmonic distortion is
introduced into the    55   aspect of the invention, transistor [err] may
be excitation of LC resonant circuit 22.                operated in the
linear mode. DC bias for the base To provide proper north-south  pincushion
of transistor [err] is provided by voltage dividing correction, the
amplitude of the horizontal rate     resistors R15 and R16. Emitter
degeneration is modulation of the vertical deflection current is
provided by a resistor [err] made to vary at a vertical rate in a sawtooth
60     The superposition of line rate voltages 27H and manner. In
accordance with another inventive          28H at the base of driver
transistor Q3 produces a aspect, control circuit 26 switches conductive
bilevel, line rate control voltage 33H at the output levels of switching
amplifier [err] at a line rate       emitter electrode of transistor [err]
having first and between first and second levels of conduction.
second voltage levels 33a and 33b, as illustrated To produce a vertical
rate variation of the    65   in Figure 4e. Voltage level 33a is directly
related 
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amplitude of switching voltage 27H. Volt-      load impedance at the
resonance frequency of age level 33b is directly related to the amplitude
resonant circuit 22. At all other frequencies, the of switching voltage
28H.                              impedance of winding [err] is low.
Harmonics of Bilevel control signal 33H switches conductive       the line
frequency are therefore short-circuited by levels of output switching
amplifier [err] at a line    5    winding [err] rate between first and
second levels of conduc-         The inductance of transformer T1 is
adjustable tion. As illustrated in Figure 4f, the collector      for
controlling the phase of the line rate modula- current [err] of transistor
[err] is a bilevel current     tion of the field deflection current to
avoid north- having a first current level 34a that is directly      south
trapeze distortion. For correct phasing of related to the magnitude of
level 33A of control    10   the line rate modulation, as will be explained
signal 33H and having a second current level 34b       later, it is also
advantageous that the switching of that is directly related to the
magnitude of level     control signal 33H between levels 33a and 33b 33b.
occurs at the center of horizontal retrace, at time Line rate output
current [err] excites LC resonant     t2 of Figures 4a-4g and at the center
of horizontal circuit 22 into a substantially cosinusoidal oscilla-    15
trace, at time [err] tion. The capacitive branch of resonant circuit 22
To provide north-south pincushion correction, comprises a capacitor [err]
coupled across the            the amplitude of the cosinusoidal, line rate
modu- secondary winding [err] of an adjustable trans-          lation of
the vertical deflection current is varied at former [err] Transformer T1
comprises the induc-         a vertical rate in a generally sawtooth
manner. As tive branch of resonant circuit 22. The primary   20
illustrated in Figure 6a, the envelope height of the winding [err] of
transformer T1 is coupled to the         amplitude modulation envelope of
vertical deflec- collector output electrode of switching amplifier
tion current iv is maximum at the top and bottom [err] Transformer T1 is
tuned to resonate at the          of the raster, at the beginning and end
of field horizontal deflection frequency. Resonant circuit      scan, and
is zero at the center of the raster or field 22, therefore, filters out
harmonics of the line rate,   25   scan. The closely spaced vertical lines
in the bilevel exciting current signal [err] to generate a      waveform of
Figure 6a schematically represent generally sinusoidal voltage across
primary wind-      the line rate modulation of the vertical deflection ing
[err] at the line rate. This sinusoidal voltage is   current. illustrated
in Figure 4g by the collector voltage [err]    In accordance with an
inventive aspect, to of switching amplifier [err]                       30
provide the vertical rate variation of the envelope The excitation of
resonant circuit 22 generates a    of the line rate modulation of vertical
deflection cosinusoidal oscillation of current and a sinusoi-     current
[err] control circuit 26 varies both level 33a dal oscillation voltage in
capacitor [err] and            and level 33b of control signal 33H at a
field rate. secondary winding [err] Figures 5b and 5c illus-        In
accordance with another inventive aspect, level trate the cosinusoidal
correction current il in   35    33a varies in a sense opposite that of
level 33b secondary winding [err] and the [err] phase-shifted
during field scan, such that, for example, level 33a voltage V1 across
resonant tank circuit 22. Figure     decreases in  magnitude  during  field
scan 5a illustrates a reference horizontal retrace pulse    whereas level
33b increases. Additionally, by voltage. For descriptive purposes, an
oscillatory      means of such an arrangement, the phase of the waveform is
considered cosinusoidal when the    40   cosinusoidal correction of the
vertical deflection maxima or minima occur at the center of horizon-
current during the second half of vertical scan is tal trace or retrace and
is considered sinusoidal      phase-shifted by [err] from  the cosinusoidal
when zero at those instants.                           correction provided
during the first half of vertical Voltage V1 generates in vertical
deflection          scan. winding [err] a cosinusoidal correction current
com-    45  To develop a vertical rate variation of the ponent to correct
north-south pincushion error.        amplitude levels of control signal
33H, vertical This component is phased by correction current [err]
rate sawtooth voltage 24, developed across sam- of LC resonant circuit 22
and has an amplitude of      pling resistor [err] is applied to the base of
control [err] where [err] is the inductance of the            amplifier
[err] of differentially connected control secondary winding [err] of
transformer T1 The    so    amplifiers [err] and [err] The magnitude of
control correction current component of vertical deflec-       current
[err] the collector current of transistor 02, is tion current iv provides a
line rate modulation        not constant but varies at a vertical rate,
increas- which adds to the vertical deflection current at the   ing in a
generally sawtooth manner during field center of each line scan and which
subtracts at the    scan. Control current [err] the collector current of
beginning and end of each line scan.             55   transistor [err] is
also a vertical rate varying current Vertical deflection winding [err] is
AC-wise paral-     but decreases in magnitude during field scan. Due lel
connected to resonant circuit 22 and par-          to the vertical rate
variation of control currents [err] ticipates in the resonance. The
horizontal rate        and [err] the amplitudes of switching voltages 27H
currents are therefore in-phase. The coupling          and 28H also vary at
a vertical rate, with the between windings [err] and [err] of transformer
T1    60   amplitude of switching voltage 27H decreasing should be very
tight to avoid phase shifts             during field scan and the amplitude
of switching between windings [err] and [err] Transistor [err]
voltage 28H increasing during field scan. operates in class A and
represents a current             Figures  6b  through  6i illustrate
various 



source which does not load resonant circuit 22.        waveforms at an
expanded time scale near sym- Winding [err] represents to transistor [err]
a high    65    metrically located field scan instants Tb and [err] of 4
7               EP 0176 589 B1                       8 Figure 6a. Field
scan instants [err] and [err] are equally  is schematically indicated by
the closely spaced spaced from instant [err] the center of field scan.
vertical lines. Figure 7b illustrates voltage V02 at Thus, disregarding the
line rate modulation, verti-   the collector of amplifier transistor [err]
The line cal deflection current iv of Figure 6a has the same   rate
modulation of collector voltage V02 is magnitude [err] but opposite sign,
at field scan  5    schematically indicated by the closely spaced instants
Tb and [err]                                    vertical lines. A
comparison of Figures 7a and 7b Line rate switching voltage 27H of Figure
6d is    reveals that the vertical rate variation of voltage phased to
provide a positive going transition at     [err] is in an opposite sense to
that of the vertical the center of horizontal trace, at time [err] of
horizon-  rate variation of the voltage [err] tal retrace pulse voltage
[err] of Figure 6b and to   10   Figure 7c illustrates voltage [err] at the
emitter provide a negative going transition at the center     output of
driver transistor Q3, at an expanded of horizontal retrace at time [err]
Voltage 27H main-    time scale relative to the time scale of the other
tains the same phase throughout field scan,           waveforms of Figure
7. Voltage [err] as repre- including instants Tb and [err] The amplitude of
sented in Figure 7c, corresponds to the vertical voltage 27H, however,
decreases at a vertical rate   15   rate modulation envelope of control
signal 33H. in a sawtooth manner, from a voltage level [err]       The line
rate modulation of voltage [err] is near field scan instant [err] to a
voltage level V2'    schematically indicated in Figure 7c by the closely
near field scan instant T..                           spaced vertical
lines. Line rate switching voltage 28H of Figure 6e is      The vertical
rate varying control voltage V.03 is phased opposite that of voltage 27H,
to provide a    20   applied to the base of switching amplifier [err] to
negative going transition at the center of horizon-  vary at a vertical
rate the amplitude of exciting [err] trace, at time [err] and to provide a
positive going  current [err] As illustrated in Figure 7d, the transition
at the center of horizontal retrace, at    envelope of current [err] may be
represented by time [err] Voltage 28H maintains the same phase         two
generally sawtooth lines 36 and 37 varying at relationship throughout field
scan, including    25    a field rate in opposing senses. The amplitude of
instants Tb and [err] The amplitude of voltage 28H     the line rate
component of current [err] schemati- increases at a vertical rate in a
sawtooth manner,   cally indicated by the closely spaced vertical lines,
from the voltage level [err] near field scan instant   decreases in a
generally sawtooth manner from [err] to the voltage level [err] near field
scan instant  the beginning of field scan to the center of field [err]
30   scan and increases in a generally sawtooth Line rate control voltage
33H, illustrated in       manner from the center of field scan to the end
of Figure 6f equals the superposition of voltages      field scan. 27H and
28H. During the first half of field scan, the  The vertical rate envelope
of collector voltage amplitude of voltage 27H predominates, and the
[err] is illustrated in Figure 7e and is generally of phase of control
voltage 33H equals the phase of   35   the same waveshape as that of the
collector voltage 27H, with a positive going transition         current
[err] of Figure 7d. The crossover point [err] of occurring at the center of
horizontal trace. At      the voltage envelope of Figure 7e occurs approxi-
some point, near the center of field scan, the        mately at the center
of vertical trace. Time [err] is amplitudes of voltages 27H and 28H are
equal and      delayed from the crossover point [err] of the current
control voltage 33H contains no square wave    40   envelope of Figure 7d
because of crosstalk component. During the second half of field scan,
between horizontal deflection winding [err]  and [err] amplitude of voltage
28H predominates, and       vertical deflection winding [err] to be
described the phase of control voltage 33H switches by 180      later. to
become equal to the phase of voltage 28H, with      The vertical rate
modulation of the conduction a negative going transition occurring at the
center   45   of switching amplifier [err] produces a vertical rate of
horizontal trace.                                  modulation of correction
current [err] in LC resonant The phase reversal of control voltage 33H from
circuit 22 and produces a vertical rate modulation the first half of field
scan to the second half of field  of the amplitude of the oscillatory
voltage V1, as scan produces the required phase reversal of the
illustrated in Figures 7f and 7g, respectively. The line rate, cosinusoidal
correction current com-   so   line rate components of current i1 and
voltage V1 ponent 48 of vertical deflection current [err] illus-  are
schematically indicated in Figures 7f and 7g trated in Figure 6c. During
the first half of field   by the closely spaced vertical lines. The effect
of scan, such as near field scan instant Tb, control     the vertical rate
modulation of current [err] and voltage 33H of Figure 6f has a positive
going         voltage V1 on vertical deflection current [err] is transition
at time t, the center of horizontal trace,   55   illustrated in Figure 6a
wherein the envelope of thereby producing a positive amplitude correc-
the line rate modulated vertical deflection current tion current component
48p of Figure 6c. During       produces maximum line rate modulation at the
the second half of field scan, such as near field    top and bottom of
vertical scan and no modula- scan instant [err] control voltage 33H has a
nega-      tion at the center of vertical scan. tive going transition at
time t,, thereby producing    60  Some crosstalk exists between  horizontal
a negative amplitude correction current corn-         deflection winding
[err] and vertical deflection 



ponent 48n.                                           winding [err] of
Figure 2. This crosstalk is in the Figure 7a illustrates voltage [err] at
the collector  form  of an induced voltage and an induced of control
amplifier [err] in a vertical rate time scale.  current in vertical
deflection winding [err] due to the The line rate modulation of collector
voltage [err]   65   electromagnetic coupling to the fields produced 5    9
EP 0176 589 B1                     10 by the horizontal deflection current.
The horizon-  asphericity of the faceplate of square-planar tal rate
crosstalk current induced in vertical      picture tube SP of Figure 2.
deflection winding [err] excites resonant circuit 22    To understand  the
need  for nonlinearly and adds to vertical deflection current [err] a
north-  waveshaping the vertical rate envelope of the south pincushion
correction waveform of one    5    line-rate modulation of vertical
deflection current polarity only and of constant amplitude. The
[err] assume, in a hypothetical example, that the polarity is such as to
add to the north-south       vertical rate modulation of correction current
i, correction provided by pincushion correction cir-   produced a linear
sawtooth envelope, as illus- cuit 23 at the top of the raster and subtract
from  trated by the dashed line envelope waveform 34 the correction
provided at the bottom  of the    10   of Figure 8. raster.
For an SP tube faceplate, however, a linear
Tocompensatefortheasymmetricalhorizontal          envelope waveform 34 is
unable to apply the crosstalk, in accordance with a feature of the
proper amounts of line rate amplitude correction invention, pincushion
correction circuit 23 gener-  at all points during field scan. Assume, in
the ates asymmetrical vertical rate envelopes to volt-   15   hypothetical
example, that the north-south pin- age [err] and current [err] of Figures
7c and 7d. The  cushion amplitude potentiometer [err] is adjusted
asymmetrical envelope of current [err] compen-       to provide the proper
amount of correction sates the  crosstalk  to  obtain  symmetrical
amplitude for raster lines scanned intermediate envelopes for voltage [err]
current [err] and voltage  the center line and the top or bottom edge. The
[err] of Figures 7e, 7f and 7g. The amount of   20   result is that for a
linear sawtooth envelope, too asymmetry introduced is controlled by
adjusting     much correction amplitude is provided around potentiometer
[err] of the voltage dividing networks  the center of the raster and too
little correction is coupled to the base of differentially connected
provided at the top or bottom of the raster. amplifier [err] The particular
deflection yoke-      Analogous  situations   hold  true   when picture
tube combination and yoke mounting    25   potentiometer [err] is adjusted
to provide proper location may also require asymmetric correction.
correction amplitude at either the top and bottom A slight asymmetric
correction may also be desir-   or in the center. able when the viewing
axis is different from the     In accordance with an aspect of the
invention, picture tube axis.                                 north-south
pincushion correction circuit 23 pro- Current [err] of Figure 7d is
proportional to the    30   vides a nonlinear waveshaping of the vertical
rate drive voltage [err] of Figure 7c. The envelope of   sawtooth envelope
to take into account the voltage [err] which is AC-wise also developed
aspherical nature of the faceplate of a square- across winding [err] of
transformer [ is the         planar picture tube. In the example previously
transformed voltage V1. Voltage V1 is pro-          described, a linear
vertical rate modulation pro- portional to the total drive of resonant
circuit 22   35   duces too much correction amplitude around the consisting
of current [err] and the horizontal cros-  center and too little correction
at the top or stalk. The delay between time [err] and [err] is there-
bottom of the raster. For this example proper fore a function of the amount
of horizontal cros-   nonlinear waveshaping is one that slightly com-
stalk. The advance of time [err] is adjusted by        presses the envelope
height at the smaller correc- potentiometer [err] to obtain straight lines
at the    40   tion current amplitude when scanning of the center of
vertical trace, around time [err]           center lines of the raster, and
expands slightly the The horizontal rate signal picked up by vertical
envelope height at the larger correction current deflection winding [err]
introduces a discontinuity   amplitudes when scanning the top and bottom in
the line rate modulation of vertical deflection  lines of the raster.
current iv during horizontal retrace. As illustrated    45  To provide the
nonlinear waveshaping, the in Figure 6c, during horizontal retrace, the
modu-  vertical rate envelope of control voltage [err] lation of the
vertical deflection current iv changes  illustrated in Figure 7c, is
nonlinearly waveshaped from the line rate [err] to the higher horizontal
to become compressed at small amplitude levels retrace frequency. This
discontinuity, occurring   of modulation and to become expanded at the
during horizontal retrace, has little visible effect.   50   large
amplitude levels. To produce the nonlinear As previously mentioned, the
faceplate of a       waveshaping of the envelope of control voltage
square-planar picture tube is aspherical. Its curva-  [err] a positive
feedback of voltage V.03 to the ture is relatively shallow near the center
of the  emitters of control transistors [err] and 02 is pro- faceplate and
increases near the edges along        vided via potentiometer R13 and
resistor [err] The paths parallel to both the major and minor axis.   55
positive feedback nonlinearly waveshapes control The edges of the faceplate
are nearly planar, with  currents [err] and [err] generated by control
ampli- points along the top, bottom, right and left edges  fiers [err] and
[err] thereby nonlinearly varying each substantially located in a common
plane. In         of the bilevel amplitudes of control signal 33H.
accordance with an inventive aspect, north-south     Additional nonlinear
waveshaping is provided 



pincushion correction circuit 23 of Figure 1 pro-   60   by superimposing,
at the emitter electrodes of duces a nonlinear vertical rate sawtooth
envelope  control amplifiers [err] and [err] a parabolic voltage of the
horizontal rate modulation of the field      94 developed at the collector
of a transistor [err] deflection current. The nonlinear waveshaping of
Parabolic voltage 94 is AC coupled to control the modulation envelope
corrects for residual       amplifiers [err] and [err] via a capacitor
[err] and a north-south pincushion distortion caused by the   65   resistor
R24. To develop parabolic voltage 94, the 6    11               EP  0176
589  B1                     12 parabolic voltage 25 developed at the top
plate of   related to the amplitude of switching voltage coupling capacitor
[err] is applied to the base of       127H, whereas amplitude level 133b is
directly transistor [err]                                       related to
the amplitude of switching voltage By means of the positive feedback of
control        128H. voltage [err] and the superposition of parabolic    5
To provide the proper amount of north-south voltage 94, the vertical rate
envelope of voltage     pincushion correction, control circuit 126 varies
[err] is nonlinearly waveshaped in a manner that       bot levels 133a and
133b at a vertical rate in a produces a nonlinear envelope to correction
cur-     generally sawtooth manner. The vertical rate rent [err] as
illustrated by the solid line envelope   sawtooth voltage 24 is divided by
a potentiometer waveform 35 of Figure 8. Compared to the linear   10
[err] and AC coupled via a capacitor [err] to the sawtooth envelope
waveform 34, envelope 35 is        inverting input terminal of a control
amplifier U1C compressed in height at the center of raster scan     to
develop a positive going, field rate sawtooth and expanded at the top and
bottom of raster         control voltage [err] at the amplifier output.
Control scan, as is required, given the conditions imposed   voltage [err]
is applied to the inverting input ter- by the hypothetical example. Given a
different set   15    minal of a control amplifier U1D to develop at the of
conditions, such as may occur at different        amplifier output a
negative going, field rate saw- settings of potentiometer [err] the
nonlinear         tooth voltage [err] waveshaping may require corresponding
modifi-          Field rate sawtooth voltages [err] and VD are cation. It
should be noted that, for explanatory     applied via resistors [err] and
R41 to the outputs of purposes, the nonlinearity of  envelope waveform
20   control switches U2A and U2C, respectively. The 35 of Figure 8 has
been emphasized to slight         amplitudes of switching voltages 127H and
128H degree.                                               therefore vary
at a field rate in a sawtooth manner Figure 3 illustrates a vertical
deflection circuit  in accordance with the amplitudes of control 120 that
includes a different north-south pincush-   voltages [err] and VD,
respectively. ion distortion correction circuit 123, embodying    25
Figure 10 illustrates various waveforms of the the invention. In Figure 3,
vertical deflection      circuit of Figure 3 at a vertical rate time scale,
with amplifier 21 generates an output voltage 21V,        the line rate
modulation of the waveforms being illustrated in Figure 10h. Output voltage
21V is      omitted from illustration. As illustrated in Figure applied to
vertical deflection winding [err] to gener-  10a, voltage [err] at the
output of control switch ate a vertical deflection current iv, illustrated
in   30    U2A. is a positive going, vertical rate sawtooth Figure 10i.
voltage, representing the vertical rate modulation To generate the line
rate modulation of vertical    envelope of switching voltage 127H.
Similarly, as deflection current [err] that provides north-south
illustrated in Figure 10b, control voltage [err] pincushion correction, the
output stage of pin-      developed at the output of control switch U2C, is
cushion correction circuit 123 includes a driver   35    a negative going,
vertical rate sawtooth voltage, transistor [err] a switching amplifier
[err] and an LC     representing  the  vertical  rate  modulation resonant
circuit 22. Each of these elements per-     envelope of switching voltage
128H. forms the respective function in a manner identi-      The vertical
rate modulation of the amplitudes cal to the corresponding element in
pincushion       of line rate switching voltages 127H and 128H correction
circuit 23 of Figure 1. A control circuit   40    produces a vertical rate
modulation of each of the 126 develops the amplitude modulated, line rate,
levels 133a and 133b of control voltage 133H, with bilevel control voltage
133H that drives switching    amplitude level 133a increasing in amplitude
amplifier [err]                                        during field scan
and amplitude 133b decreasing. In control circuit 126, a horizontal retrace
pulse  As illustrated Figure 10c, control voltage [err] voltage 31,
developed at a terminal 29 and illus-   45    developed at the emitter of
driver transistor [err] trated in Figure 9a, is integrated by capacitor
[err]   represents the vertical rate modulation envelope and resistors
[err] and [err] to generate a horizontal    of the switched, line rate
control voltage 133H. or line rate sawtooth voltage 32, illustrated in
Line rate control voltage 133H produces the Figure 9b, that is applied to
the inverting input    excitation current [err] for LC resonant circuit 22.
terminal of a controllable switch U2A. At the    50    Figure 9f
illustrates excitation current [err] at a line output of switch U2A, there
is developed a line      rate time scale, and Figure 10d illustrates the
rate, 50%  duty cycle, switching voltage 127H,       current at a field
rate time scale. The oscillatory illustrated in Figure 9c. Horizontal or
line rate    voltage [err] developed at the collector of switch- sawtooth
voltage 32 is also applied to the nonin-    ing amplifier [err] is
illustrated at a line rate time verting input terminal of a controllable
switch    55   scale in Figure 9g and at a field rate time scale in U2C to
generate at the switch output a line rate,    Figure 10e. The vertical rate
envelope 42a and 42b 50% duty cycle, switching voltage 128H, illus-
of current [err] in Figure 10d follows closely the 



trated in Figure 9d, that is phase shifted by [err]   waveshape of the
vertical rate envelope 41a and from switching voltage 127H.
41b of control voltage V.03 in Figure 10c. Switching voltages 127H and 128H
are superim-    60  The envelope waveforms of Figures 10e, 10Of posed via
diodes D1 and D2 at the base of emitter-   and 10g follow the sum of the
envelope of curent follower driver transistor Q3 to generate, at the
[err] of Figure 10d and the envelope of the line rate emitter electrode, a
line rate, bilevel control volt-  crosstalk. As previously explained, this
results in age 133H, illustrated in Figure 9e. The amplitude    a delay of
the crossover points in the waveforms level 133a of control voltage 133H is
directly   65   of Figures 10e, 10f and 10g. To compensate for 7    13
EP  0176 589  B1                    14 the delay and locate the crossover
points at the     Figure 3. Vertical rate sawtooth voltage 24, center of
vertical trace, at time [err] the crossover  developed across north-south
amplitude control points of the envelopes of the waveforms of
potentiometer [err] represents sampled vertical Figures 7c and 7d are
advanced to time [err] prior to  deflection current. As such, the waveform
of time [err] The amount of advance is adjusted by    5    sawtooth voltage
24 is S-shaped, having a slope potentiometer [err]
at the beginning and end of field scan that is Excitation current [err]
excites LC resonant circuit  shallower than at the center of field scan.
The 22 into oscillation to generate a line rate correc-  required slope for
the nonlinearly waveshaped tion current [err] illustrated in Figure 9h, and
a line  vertical rate modulation envelope of deflection rate correction
voltage V1 illustrated in Figure 9i.   10   current [err] as explained
previously, is a slope that Voltage V1 is applied to vertical deflection
wind-   is steeper at the beginning and end of field scan ing [err] for
providing north-south pincushion           than at the center. Wave shaping
circuit 138 correction. The vertical rate modulation envelope    develops,
from vertical sawtooth voltage 24 a 46a and 46b of correction current [err]
and the        modified, waveshaped vertical rate voltage 45. vertical rate
modulation envelope 47a and 47b of   15   The addition of vertical rate
voltage 45 to vertical correction voltage V1 are illustrated in Figures 10f
rate sawtooth voltage 24 at the inverting input and 10g, respectively.
terminal of amplifier U1C results in the correct Line  rate switching
voltages 127H and 128H        waveform slopes to voltages [err] and Vd for
provid- have the same phase relationships with horizon-      ing
north-south  pincushion  correction  in a tal retrace pulse voltage 31 as
do the corre-   20   square-planar picture tube. sponding line rate
switching voltages 27H and          In waveshaping circuit 138, vertical
sawtooth 28H  of north-south pincushion correction circuit    voltage 24 is
applied to the inverting input ter- 23 of Figure 1. As illustrated in
Figures 6d and 6g,  minal of an opertional amplifier U1A. Operational the
positive going transitions of switching volt-    amplifier U1A functions as
a double integrator to ages 27H and 127H occur at time [err] the center of
25    produce at the amplifier output a vertical rate, the horizontal trace
interval, and, as illustrated in  third-order, S-shaped waveform 44. The AC
zero- Figures 6e and 6h, the positive going transitions    crossing of
waveform 44 is slightly advanced of switching voltages 28H and 128H occur
at time     relative to the center of field scan. Waveform 44 is [err] the
center of the horizontal retrace interval.   first delayed by a resistor
[err] and a capacitor C3 Switching voltages 127H and 128H differ from    30
and then applied to the inverting input terminal of switching voltages 27H
and 28H in the direction      an operational amplifier U1B. Operational
ampli- taken by their respective vertical rate amplitude    fier U1B
functions as an inverting amplifier to modulation from the beginning of
field scan to       generate at its output an envelope modifying the end of
field scan. Comparing Figure 10a with     vertical rate voltage 45 having
an AC zero-cross- Figure 7a and comparing Figure 6g with Figure   35   ing
at the center of field scan. 6d, one notes that the amplitude of switching
Envelope modifying vertical rate voltage 45 is voltages 127H  increases
during field scan,          combined with sawtooth voltage 24 at the
invert- whereas the amplitude of switching voltage 27H       ing input
terminal of control amplifier U1C to decreases. Similarly, by comparing the
approp-       produce a nonlinear waveshape to the vertical riate figures,
one notes that the amplitude of   40   rate envelope control voltages Vc
and [err] As a switching voltage 128H decreases during field        result,
the vertical rate sawtooth envelopes of the scan, whereas the amplitude of
switching voltage     waveforms  in  Figures  10a  and  10b  are 28H
increases.                                        waveshaped to produce an
envelope of the line Because the amplitude modulation of switching
rate correction that has a steeper slope at the voltages 127H and 128H is
opposite the amplitude    45    beginning and end of field scan than it
would modulation of switching voltages 27H and 28H,        otherwise have
had, and a shallower slope at the line rate control voltage 133H of Figure
6i is phase  center of field scan. Proper north-south pincush- shifted by
180 from line rate control voltage 33H   ion correction in a square-planar
picture tube is of Figure 6f. This phase difference must be taken
thereby achieved. into account in order to produce a positive going    50
During the vertical retrace interval, the line rate amplitude modulation of
deflection current iv        modulation of vertical deflection current i,
during the first half of vertical scan, prior to time  changes from a
negative going amplitude modu- [err] of Figure 6a, and a negative going
amplitude      lation during the first half of vertical retrace, modulation
during the second half of vertical        similar to the negative going
amplitude modula- scan, after time [err] One way of taking into account
55   tion 48n illustrated in Figure 6c, to a positive 



the [err] out-of-phase relationship between con-      going amplitude
modulation during the second trol voltage 133H and control voltage 33H is
to      half of vertical retrace, similar to the amplitude reverse the
winding direction of primary winding     modulation 48p of Figure 6c. The
reversal of the [err] in transformer T1 of Figure 3 from the direc-
direction of amplitude modulation of field deflec- tion of primary winding
[err] of Figure 1.        60   tion current iv is produced by a reversal in
the In accordance with another feature of the inven-   phases of resonant
voltage V1 and correction tion. The nonlinear waveshaping of the vertical
current [err] in transformer T1 during the vertical rate modulation
envelope of the cosinusoidal         retrace interval. The phase reversal
is accom- correction of vertical deflection current iv is pro-  plished
when the modulation envelopes of volt- duced by the vertical waveshaping
circuit 138 of   65   age V1 and current [err] decrease to zero height at 8
15              EP  0176589  B1                      16 some point within
the vertical retrace interval.    the output of a comparator U2D is coupled
via a Beyond that point, the modulation envelopes          capacitor [err]
and a diode D3 to the output of begin to increase in height.
control switch U2C. A resistor [err] is coupled In accordance with an
inventive feature, control   between ground and the junction of capacitor
[err] circuit 126 of Figure 3 varies the height of the    5    and diode
D3. Vertical sawtooth control voltage modulation envelopes during vertical
retrace in a    [err] is differentiated by an RC network comprising manner
that permits the modulation envelopes to      resistors [err] and [err] and
capacitors [err] and [err] attain their proper heights at the beginning of
the  The differentiated voltage developed across resis- vertical trace
interval.                     .       tor [err] is applied to the inverting
input terminal of LC resonant circuit 22 tends to introduce an    to
comparator U2B and to the noninverting input undesirable delay into the
change of the heights     terminal of comparator U2D. During the vertical
of the modulation envelope of voltage V1 and        retrace interval,
control voltage [err] is a sharply current [err] as will now be explained.
Assume, for    sloped, positive going, sawtooth signal. The explanatory
purposes, that control circuit 126       differentiation of voltage VD
therefore produces a does not compensate for such undesirable delay.   15
relatively large positive voltage across resistor [err] During the vertical
retrace interval, between times  during the vertical retrace interval and a
much [err] of Figures 11a-11f, the envelope 41a' and      smaller negative
voltage during the vertical trace 41b' of control voltage [err]  of Figure
11a          interval. decreases to zero height at time [err] the center of
During the vertical retrace interval, the large, the vertical retrace
interval, when vertical deflec-   20   positive, differentiated voltage at
the inverting tion current iv of Figures 1 lb and 11e is zero. For  input
terminal of comparator U2B switches the [err] clarity, the line rate
modulation of deflec-  output of the comparator to ground. Line rate [err]
current [err] and voltage [err] is omitted from        switching voltage
127H ceases to be generated illustration in Figure 11.
during the vertical retrace interval. Thus, during Due to the circulating
energy in LC resonant   25   the vertical retrace interval, [err] of Fije 1
1d the circuit 22, the envelope 47a' and 47b' of oscil-     envelope
portion 41a of control voltage [err] is latory voltage VI of Figure 1 1c
does not decrease   switched at zero volts by comparator U2B. to zero
height until the later instant [err] The result  During the vertical trace
interval, comparator is that the height of the modulation envelope of
U2D is in saturation and discharges capacitor [err] oscillatory V1 has not
reached its proper value by    30   through resistor [err] Diode D3 is
reverse biased time [err] the beginning of the vertical trace inter-  and
disconnects comparator U2D from control val. As illustrated in Figure 11c,
the envelope      switch U2C During the vertical retrace interval, height
is still increasing rather than decresaing for  the differentiated voltage
across resistor [err] cuts a significant number of raster lines after the
start  off comparator U2D. of vertical trace. Thus, the raster lines
scanned at   35  Capacitor [err] charges from the +25V source the start of
vertical trace will have incorrect      through resistor [err] and resistor
[err] The major amounts of north-south pincushion correction.
portion of the charge current from capacitor [err] As mentioned earlier, it
is the circulating energy  passes through diode D3 and then divides in
resonant circuit 22, which in turn is related to  between the output of
control switch U2C and the Q of resonant circuit 22, that is responsible
for   40   resistor [err]. During each horizontal deflection the introduced
delay. Phase and amplitude rever-     cycle, the charge current of
capacitor [err] passes cal during vertical retrace could have been accel-
through resistor [err] when control switch U2C is ated by reducing the Q of
resonant circuit 22.     cut off, and is bypassed to ground when control
The result would have been an increased power        switch U2C is
conductive. The charge current of consumption and distorted sine and cosine
45   capacitor [err] produces a positive voltage drop waveforms, since the
filtering action of resonant    across resistor [err] which adds to the
positive circuit 22 would have been reduced.                  going
sequence of voltage levels of waveform In accordance with an inventive
aspect, control    128H during vertical retrace. The added voltage is
circuit 126 of Figure 3 provides delay compensa-     highest at time [err]
of Figure 11d and ceases tion to control voltage [err] to insure that the
50   towards time T4 when the charge current of modualtion envelope of
oscillatory voltage V1        capacitor [err] decreases to zero. The result
of the achieves its proper height at the beginning of the   above explained
operation of comparators U2B vertical trace interval. To compensate for the
and U2D is that envelope portion 41a of Figure 



delay in envelope crossover of oscillatory voltage   1 1d is switched to
zero during the interval [err] to T6 V1, control circuit 126 changes the
phase and    55   and  that an  extra  voltage, decreasing  in modifies the
amplitude variation of line rate        amplitude, is added to the original
envelope control voltage 133H during the vertical retrace     portion 41b
from the [err] to time [err] interval. The  crossover of the  modulation
Comparing the envelope 41 a and 41 b of control envelope of oscillatory
voltage V1 is thereby        voltage [err] in Figure 11d with the envelope
41a' advanced to the instant T2 of Figure 1 if, prior to   60   and 41b' in
Figure 1 la, one notes that throughout the center of the vertical retrace
interval at time  vertical retrace, between  times  [err] the [err]
envelope height in Figure 1 1d is of relatively large To produce the phase
change and amplitude          value. The result is that control voltage
133H is of modification, the output of the comparator U2B is   large
amplitude during the entirety of vertical coupled to the output of control
switch U2A and    65   retrace. 9    17               EP 0176589 B1
18 Furthermore, because the line rate modulation         an LC resonant
circuit (22) coupled to said field of control voltage [err] is provided
solely by         deflection winding (Lv) and receiving field deflec-
switching signal 128H during vertical retrace,        tion current
therefrom; controlvoltage 133H hasthesamephaseduringall
characterized by a switching amplifier (Q4) of vertical retrace as it has
at the beginning of the    5    coupled to said LC resonant circuit (22);
and by subsequent vertical trace interval. Thus, during the    a control
circuit (26) coupled to said switching entirety of vertical retrace, line
rate excitation    amplifier (Q4) and responsive to said line rate current
pulses [err] are produced with the same         input signal for switching
conductive levels of said phase that they have at the start of vertical
trace.  switching amplifier at a line rate between first and The excitation
current pulses [err] during vertical   to   second levels of conduction,
thereby exciting said retrace develop an oscillatory voltage V1, illus-
LCresonantcircuitatalineratetoproducelinerate trated in Figure 11f that has
an envelope 47a and       modulation of said field deflection current, said
47b that decreases to zero height substantially        control circuit (26)
being responsive to said field faster than the corresponding envelope 47a'
and        rate input signal for varying both said first and 47b' in Figure
1 1c. The envelope reaches the zero    15   second levels of conduction at
said field rate to height point in Figure 1 1f at the advanced time [err]
provide north-south pincushion correction of said A much longer time
interval, [err] is available for     field deflection current. the envelope
to begin increasing in height to its        2. A north-south pincushion
correction circuit value at the start of trace at time [err] Thus, by using
according to Claim 1, characterized in that said LC comparators U2B and
U2D, control circuit 126    20   resonant circuit (22) comprises a
capacitor (C5) provides amplitude delay compensation to volt-
coupled to a first winding (Ws) of a tarnsformer age V1 during vertical
retrace. The degree of          (T1), a second winding (Wp) of said
transformer compensation is controlled by proper selection of      being
coupled to said switching amplifier (Q4). the time constant of resistor
[err] and capacitor [err]     3. A north-south pincushion correction
circuit to avoid an overshoot of the line rate correction    25
according to Claim 2 characterized in that the amplitude at time [err] the
beginning of vertical       inductance of said transformer (T1) is
adjustable to trace.                                                control
the phase of the line rate modulation of It should be noted that, for the
purposes of        said field deflection current. clarity of explanation,
the line rate modulation of     4. A north-south pincushion correction
circuit the waveforms of Figures 11a, 11b, 11 d, and 11e    30    according
to Claim 1 characterized in that said have been omitted from illustration.
control circuit (26) increases said first level of Because vertical
deflection amplifier 21 may        conduction and decreases said second
level of exhibit significant output impedance at the line      conduction
during field scan. frequency, the line rate modulation of vertical
5. A north-south pincushion correction circuit deflection current iv tends
to produce a line rate   35    according to Claim 1 characterized in that
said component to output voltage 21V. Integrated           control circuit
(26) comprises first (QA) and second circuit vertical deflection amplifiers
may not.per-   (QB) control amplifiers responsive to said field rate mit
the use of a sufficiently large supply voltage to  input signal for
developing inverted and nonin- avoid producing voltage limiting effects.
The         verted field rate sawtooth signals at respective result may be
a nonlinear drive at the top and    40    control amplifier outputs, and
first (Q1) and bottom of field scan.                                 second
(Q2) control switches coupled to the To avoid voltage limiting effects, a
capacitor [err]  respective outputs of said first (QA) and second damped by
a resistor [err] advantageously tunes        (QB) control amplifiers and
being responsive to vertical deflection winding Lv to approximately the
said line rate signal for switching the outputs of line frequency. The line
rate correction component    45   said control switches between conductive
and of vertical deflection current iv circulates in the   nonconductive
states at a line rate in phase parallel tuned circuit formed by winding
[err] and       opposition to each other. capacitor [err] The branch of the
series connected       6. A north-south pincushion correction circuit
capacitor [err] and resistor [err] provides a line rate   according to
claim 1 characterized in that said current return path. The result is that
a lower   50    control circuit (26) changes the switching of con-
magnitude line rate voltage appears at the output     ductive levels of
said switching amplifier (Q4) 



of vertical deflection amplifier 21.                  during the field
retrace interval in a manner that advances the time that said line rate
modulation Claims                                                reaches
zero amplitude within the field retrace 55   interval to an
instantthatoccurs priorto the center 1. A north-south pincushion correction
circuit      of the field retrace interval. (23). comprising:
7. A north-south pincushion correction circuit a field deflection winding
(Lv);                     according to Claim 1 characterized in that said
field a field deflection amplifier (21) for generating     rate  input
signal is of generally sawtooth field deflection current in said deflection
winding    60    waveshape to enable said control circuit (26) to (Lv);
vary the envelope of the line rate modulation of means (21) for developing
a field rate input        said field deflection current in a generally saw-
signal;                                               tooth manner, wherein
said north-south pincush- means (29) for developing a line rate input
ion correction circuit is used in conjunction with signal; and
65   raster scanning in a picture tube (SP) having an 10    17
EP  0176 589  B1                      18 Furthermore, because the line rate
modulation          an LC resonant circuit (22) coupled to said field of
control voltage [err] is provided solely by          deflection winding
(Lv) and receiving field deflec- switching signal 128H during vertical
retrace,         tion current therefrom; control voltage 133H has the same
phase during all       characterized by a switching amplifier (04) of
vertical retrace as it has at the beginning of the    5    coupled to said
LC resonant circuit (22); and by
subsequentverticaltraceinterval.Thus,duringthe           a control circuit
(26) coupled to said switching entirety of vertical retrace, line rate
excitation     amplifier (Q4) and responsive to said line rate current
pulses [err] are produced with the same          input signal for switching
conductive levels of said phase thet they have at the start of vertical
trace.   switching amplifier at a line rate between first and The
excitation current pulses [err] during vertical   10   second levels of
conduction, thereby exciting said retrace develop an oscillatory voltage
V1, illus-      LC resonant circuit at a line rate to produce line rate
trated in Figure 11f that has an envelope 47a and      modulation of said
field deflection current, said 47b that decreases to zero height
substantially        control circuit (26) being responsive to said field
faster than the corresponding envelope 47a' and        rate input signal
for, varying both said first and 47b' in Figure 1 1c. The envelope reaches
the zero    15   second levels of conduction at said field rate to height
point in Figure 1 1f at the advanced time T2.   provide north-south
pincushion correction of said A much longer time interval, [err] is
available for   field deflection current. the envelope to begin increasing
in height to its        2. A north-south pincushion correction circuit
value at the start of trace at time T6. Thus, by using  according to Claim
1, characterized in that said LC comparators U2B and U2D, control circuit
126    20    resonant circuit (22) comprises a capacitor (C5) provides
amplitude delay compensation to volt-         coupled to a first winding
(Ws) of a tarnsformer , age V1 during vertical retrace. The degree of
(T1), a second winding (Wp) of said transformer compensation is controlled
by proper selection of      being coupled to said switching amplifier (Q4).
the time constant of resistor [err] and capacitor [err]      3. A
north-south pincushion correction circuit to avoid an overshoot of the line
rate correction    25    according to Claim 2 characterized in that the
amplitude at time [err] the beginning of vertical
inductanceofsaidtransformer(T1) isadjustableto trace.
control the phase of the line rate modulation of It should be noted that,
for the purposes of         said field deflection current. clarity of
explanation, the line rate modulation of      4. A north-south pincushion
correction circuit the waveforms of Figures 11a, 11b, 11d, and 11e    30
according to Claim 1 characterized in that said have been omitted from
illustration.                   control circuit (26) increases said first
level of Because vertical deflection amplifier 21 may         conduction
and decreases said second level of exhibit significant output impedance at
the line       conduction during field scan. frequency, the line rate
modulation of vertical          5. A north-south pincushion correction
circuit deflection current [err] tends to produce a line rate   35
according to Claim 1 characterized in that said component to output voltage
21V. Integrated            control circuit (26) comprises first (QA) and
second circuit vertical deflection amplifiers may not per-    (QB) control
amplifiers responsive to said field rate mit the use of a sufficiently
large supply voltage to  input signal for developing inverted and nonin-
avoid producing voltage limiting effects. The          verted field rate
sawtooth signals at respective result may be a nonlinear drive at the top
and    40    control amplifier outputs, and first (Q1) and bottom of field
scan.                                  second (Q2) control switches coupled
to the To avoid voltage limiting effects, a capacitor [err]  respective
outputs of said first (QA) and second damped by a resistor [err]
advantageously tunes         (QB) control amplifiers and being responsive
to vertical deflectionwinding [err] toapproximatelythe       said line rate
signal for switching the outputs of line frequency. The line rate
correction component    45   said control switches between conductive and
of vertical deflection current iv circulates in the    nonconductive states
at a line rate in phase parallel tuned circuit formed by winding [err] and
opposition to each other. capacitor [err] The branch of the series
connected        6. A north-south pincushion correction circuit capacitor
[err] and resistor [err] provides a line rate    according to claim  1
characterized in that said 



current return path. The result is that a lower   50    control circuit
(26) changes the switching of con- magnitude line rate voltage appears at
the output      ductive levels of said switching amplifier (04) of vertical
deflection amplifier 21.                   during the field retrace
interval in a manner that advances the time that said line rate  modulation
Claims                                                 reaches zero
amplitude within the field retrace 55   interval to an instant that occurs
prior to the center 1. A north-south pincushion correction circuit       of
the field retrace interval. (23), comprising:
7. A north-south pincushion correction circuit a field deflection winding
(Lv);                     according to Claim 1 characterized in that said
field a field deflection amplifier (21) for generating     rate  input
signal is of generally  sawtooth field deflection current in said
deflection winding    60    waveshape to enable said control circuit (26)
to (Lv);                                                  vary the envelope
of the line rate modulation of means (21) for developing a field rate input
said field deflection current in a generally saw- signal;
tooth manner, wherein said north-south pincush- means (29) for developing a
line rate input          ion correction circuit is used in conjunction with
signal; and                                      65   raster scanning in a
picture tube (SP) having an 10    19               EP  0176 589  BI
20 aspherical faceplate (30), and wherein said con-          a control
circuit (26) coupled to said switch trol circuit (25) includes means for
nonlinearly        control terminal and responsive to said vertical
waveshaping said envelope to correct remaining          rate sawtooth
signal and to said horizontal rate north-south pincushion distortion.
signal for providing a central signal (33H) for 8. A north-south pincushion
correction circuit    5    changing conduction of said switch (Q4) between
according to Claim 7 characterized in that the          first and second
levels at a horizontal rate, both of curvature of said faceplate (30) at
its center differs  said first and second levels varying at a vertical from
the curvature near its edges to provide           rate in a generally
sawtooth manner; and faceplate edges that are substantially in one
a tuned transformer (T1) coupled to said con- plane.
10   trolled output terminal of said controllable switch 9. A north-south
pincushion correction circuit        (04) and to said vertical deflection
circuit (20) for according to Claim 7, characterized in that said
providing north-south pincushion correction in control circuit (26)
includes means for asymmetri-      the latter. cally adjusting the envelope
height to provide a          14. A north-south pincushion correction
circuit greater envelope height at one of the beginning    15   according
to Claim 13 characterized in that said and end of field scan than at the
other one of the      north-south pincushion correction circuit (23) is
beginning and end of field scan.                   .    used in conjunction
with raster scanning in a 10. A north-south pincushion correction circuit
picture tube (SP) having an aspherical faceplate according to Claim 1
characterized by a capacitor       (30) where the curvature at the center
is less than (C18) coupled in parallel with said field deflection    20
the curvature at an edge, and wherein said control winding for forming a
tuned circuit therewith at        circuit (26) includes  means for
nonlinearly substantially the line frequency to reduce the line
wavesnaping said vertical rate sawtooth signal to rate voltage applied to
the ouptput of said field       correct remaining north-south pincushion
distor- deflection amplifier (21).                              tion. 11. A
north-south pincushion correction circuit   25    15. A north-south
pincushion correction circuit according to Claim 10 characterized by a
damping        according to Claim 13 characterized in that said resistance
(R53) series  coupled  with  said           controllable switch (04)
excites said tuned trans- capacitor (C18) for providing a line rate current
former (T1) into developing a horizontal rate return path.
sinusoidal voltage that is applied to said vertical 12. A north-south
pincushion correction circuit,   30    deflection circuit (20), the
envelope of said comprising:
sinusoidal voltage varying at a vertical rate in a field deflection
winding;                           accordance with said vertical rate
sawtooth a field deflection amplifier for generating field     signal, and
wherein said control circuit (26) deflection current in said deflection
winding;          includes means responsive to a signal indicative means
for developing a field rate input signal;   35    of vertical retrace for
advancing the time that said means for developing a line rate input signal;
envelope reaches zero height within the vertical and
retrace interval to an instant that occurs prior to an LC resonant circuit
(22) coupled to said field     the center of vertical retrace. deflection
winding (Lv) and receiving field deflec-       16. A north-south pincushion
correction circuit tion current therefrom; characterized by          40
according to any one of Claims 1 to 11 and 13 to a switching amplifier (Q4)
coupled to said LC         15, characterized in that said control circuit
(26; resonant circuit (22); and by:                          126) changes
conduction of said switch (04) a control circuit (26) coupled to said
switching      between first and second levels at a horizontal amplifier
(04) and responsive to said line rate         rate of substantially 50%
duty cycle. input signal for developing a control signal that    45
switches conductive levels of said switching            Patentanspruche
amplifier (04) at a line rate with a substantially 50 



percent duty cycle, thereby exciting said LC              1.
Nord-Sud-Kissenkorrekturschaltung (23) mit resonant circuit (22) at a line
rate to produce line    folgenden Bestandteilen: rate modulation of said
field deflection current,   50    einer Vertikalablenkwicklung (Lv); said
control circuit (26) being responsive to said        einem
Vertikalablenkverstgrker (21) zur Erzeu- field rate input signal for
varying the line rate       gung von Vertikalablenkstrom in der Vertikalab-
modulation of said field deflection current at a        lenkwicklung (Lv);
field rate to provide north-south pincushion              einer Einrichtung
(21) zur Erzeugung eines ver- correction.
55   tikalfrequenten Eingangssignals; 13. A north-south pincushion
correction circuit,        einer Einrichtung zur Erzeugung eines zeilenfre-
comprising:                                             quenten
Eingangssignals, und a vertical deflection circuit;
einem LC-Resonanzkreis (22), der mit der Verti- means for generating a
vertical rate sawtooth         kalablenkwicklung (Lv) gekoppelt ist und
Vertikal- signal; and                                       60
ablenkstrom von ihr empfbngt, means for generating a horizontal rate
signal;          gekennzeichnet durch einen SchaltverstArker characterized
by:    -                                  (04), dec mit dem
LC-Resonanzkreis (22) gekop- a controllable switch (Q4) having a central
pelt ist, terminal (base of Q4) and a controlled output             und
durch eine Steuerschaltung (26), die mit terminal (collector of Q4);
65    dem Schaltverstarker (04) gekoppelt ist und auf .1.1    21
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zeilenfrequente Eingangssignal anspricht, um   schaltung in Verbindung mit
der Rasterabtastung leitende Pegel des Schaltverstarkers mit einer    in
einer Bildrohre (SP) verwendet wird, die eine Zeilenfrequenz zwischen einem
ersten und einem     aspharische Frontplatte (30) hat, und wobei die
zweiten Leitfihigkeitspegel umzuschalten und       Steuerschaltung (26)
eine Einrichtung zur nichtli- dadurch den LC-Resonanzkreis mit einer
Zeiten-    5    nearen Wellenformung der Hulkurve enthalt, um frequenz dazu
anzuregen, eine zeilenfrequente      restliche Nord-Sud-Kissenverzeichnung
zu korri- Modulation des Vertikalablenkstroms zu bewir-      gieren. ken,
und die auf das vertikalfrequente Eingangssi-   8.
Nord-Sud-Kissenkorrekturschaltung  nach gnal anspricht, um den ersten und
den zweiten      Anspruch 7, dadurch gekennzeichnet, dal3 die
Leitfahigkeitspegel beide mit der Vertikalfrequenz   To   Krummung der
Frontplatte (30) in ihrer Mitte zu andern, um fur eine
Nord-Sud-Kissenkorrektur    anders ist als die Krummung nahe ihrer Rander,
des vertikalfrequenten Ablenkstroms zu sorgen.     so dag die Rander der
Frontplatte im wesent- 2. Nord-SOd-Kissenkorrekturschaltung  nach
lichen in einer Ebene liegen. Anspruch 1, dadurch gekennzeichnet, daB der
LC-      9. Nord-Sud-Kissenkorrekturschaltung  nach Resonanzkreis (22)
einen Kondensator (CM) auf-   i5   Anspruch 7, dadurch gekennzeichnet, dalI
die weist, der mit einer ersten Wicklung (Ws) eines    Steuerschaltung (26)
eine Einrichtung zur asym- Transformators (Ti) gekoppelt ist, und daB eine
metrischen Einstellung der Hulikurvenh6he ent- zweite Wicklung (Wp). des
Transformators mit       hilt, um an einem der Anfangs- und SchluBenden dem
Schaltverstirker (04) gekoppelt ist.           der Vertikalabtastung eine
gr6gere Hrilikurven- 3. Nord-SOd-Kissenkorrekturschaltung  nach   20   h6he
zu erhalten als am anderen der Anfangs- Anspruch 2, dadurch gekennzeichnet,
daB die        und SchluBenden der Vertikalabtastung. Induktivitit des
Transformators (T1) verstellbar     10. Nord-Sud-Kissenkorrekturschaltung
nach ist, um die Phase der zeilenfrequenten Modula-     Anspruch 1,
gekennzeichnet durch einen Konden- tion des Vertikalablenkstroms zu
steuern.          sator (C18), der parallel zur Vertikalablenkwick- 4.
Nord-Sud-Kissenkorrekturschaltung  nach   25   lung angeordnet ist, um mit
ihr einen Schwing- Anspruch 1, dadurch gekennzeichnet, daB die        kreis
zu bilden, der im wesentlichen auf die Steuerschaltung (26) wahrend der
Vertikalabta-     Zeilenfrequenz abgestimmt ist, um die an den stung den
ersten Leitfihigkeitspegel erh6ht und    Ausgang  des
Vertikalablenkverstirkers  (21) den zweiten Leitfdhigkeitspegel vermindert.
gelegte zeilenfrequente Spannung zu reduzieren. 5.
Nord-SOd-Kissenkorrekturschaltung  nach   30    11.
Nord-Sud-KissenkorrRkturschaltung nach Anspruch 1, dadurch gekennzeichnet,
daB die        Anspruch 10, gekennzeichnet durch einen Dim- Steuerschaltung
(26) einen ersten (OA) und einen   pfungswiderstand MR53), der in Reihe mit
dem zweiten (QB) Steuerverstirker aufweist, die auf    Kondensator (C18)
geschaltet ist, um einen ROck- das vertikalfrequente Eingangssignal
ansprechen,  fluBweg fOr zeilenfrequenten Strom zu bilden. um ein
invertiertes und ein nichtinvertiertes verti-   35  12.
Nord-Sud-Kissenkorrekturschaltung mit fol- kalfrequentes Sagezahnsignal an
zugeordneten       genden Bestandteilen: Ausgingen des Steuerverstarkers zu
erzeugen,         einer Vertikalablenkwicklung; und einen ersten (Q1) und
elnen zweiten (Q2)         einem Vertikalablenkverstirker zur Erzeugung
Steuerschalter aufweist, die mit zugeordneten      von Vertikalablenkstrom
in der Ablenkwicklung; Ausgangen des ersten (QA) und des zweiten (QB)   40
einer Einrichtung zur Erzeugung eines vertikal- Steuerverstirkers gekoppelt
sind und auf das       frequenten Eingangssignals; zeilenfrequente Signal
ansprechen, um die Aus-       einer Einrichtung zur Erzeugung eines
zeilenfre- ginge der Steuerschalter mit einer Zeilenfre-      quenten
Eingangssignals, quenz und gegenphasig zueinander zwischen lei-       und
einem LC-Resonanzkreis (22), der mit der tendem und nichtleitendem Zustand
umzuschal-   45   Vertikalablenkwicklung (Lv) gekoppelt ist und Ver- 



ten.                                               tikalablenkstrom von ihr
empfingt, 6. Nord-Sud-Kissenkorrekturschaltung  nach         gekennzeichnet
durch einen Schaltverstirker Anspruch 1, dadurch gekennzeichnet, daB die
(04), der mit dem LC-Resonanzkreis (22) gekop- Steuerschaltung (26) die
Umschaltung der leiten-   pelt ist, und durch den Pegel des
Schaltverstirkers (Q4) wahrend    50   eine Steuerschaltung (26), die mit
dem Schalt- des VertikalrOcklaufintervalls in eine Weise       verstarker
(04) gekoppelt ist und auf das zeilen- aindert, durch welche der Zeitpunkt,
zu dem die    frequente Eingangssignal anspricht, um ein Steu-
zeilenfrequente   Modulation   Nullamplitude       ersignal zu erzeugen,
welches leitende Pegel des erreicht, innerhalb des
Vertikalruicklaufintervalle  Schaltverstirkers (Q4) mit einer
Zeilenfrequenz auf einen Zeitpunkt vorverschoben wird, der frG-   55   und
einem Tastverhaltnis von im wesentlichen her als die Mitte des
Vertikalrucklaufintervalle   gleich 50%  umschaltet und dadurch den LC-
erscheint.                                         Resonanzkreis (22) mit
einer Zeilenfrequenz 7. Nord-Sid-Kissenkorrekturschaltung  nach
anregt, eine zeilenfrequente Modulation des Ver- Anspruch 1, dadurch
gekennzeichnet, daB das       tikalablenkstroms zu bewirken, und die auf
das vertikalfrequente Eingangssignal aligemein sige-   60
vertikalfrequente Eingangssignal anspricht, um zahnformige Wellenform hat,
um die Steuerschal-    die zeilenfrequente Modulation des Vertikalab- tung
(26) zu befahigen, die Hjllkurve der zeilen-  lenkstroms mit einer
Vertikalfrequenz zur Korrek- frequenten Modulation des Vertikalablenkstroms
tur der Nord-Sid-Kissenverzeichnung zu indern. in einer allgemein
sigezahnf6rmigen Weise zu         13. Nord-SOd-Kissenkorrekturschaltung mit
fol- indern, wobei die Nord-Sid-Kissenkorrektur-   6S   genden
Bestandteilen: 12    freuonon~g~hnsgna~u23:z::EPn:l 176 589::LB1
;24p;;  :::     MS I einer Vertikalablenkschaltung;                   pour
produire un courant de deviation de trame einer Einrichtung zur Erzeugung
sines vertikal-  clans l'enroulement de deviation (Lv); frequenten
Sagezahnsignals, und                      un moyen (21) pour produire un
signal d'entr~e einer Einrichtung zur Erzeugung eihies horizon-  de
frequenc~e de trame; talfrequenten Signals,                        5
un moyen (29) pour prodluire un signal d'entree gekennzeichnet durch:
de frequence de ligne; et einen steuerbaren Schalter (04), der einen
un circuit r6sonnant LC (22) couple a I'enroule- SteueranschluB (Basis von
04) und einen gsteu-     ment de deviation de trame (Lv) et recevant de
erten AusgangsanschluB (Kollektor von Q41 hat;     celui-ci un courant de
deviation de trame; eine Steuerschaltung (26), die mit dem Steuer-   ro
caract6rise par un amplificateur de commuta- anschluB des Schalters
gekoppelt ist und auf das   tion (Q4) coupIl au circuit resonnant LC (22);
et vertikalfrequente SAgezahnsignal und auf das       par
horizontalfrequente Signal anspricht, urn ein        un circuit de commande
(26) couple a l'amplifi- Steuersignal (33H) zur Anderung der Leitfihigkeit
cateur de commutation (Q4) et repondant au des Schalters (Q4) zwischen
einem ersten und    75   signal d'entree de frequence de ligne pour des
einem zweiten Pagel mit einer Horizontalfrequenz   niveaux conducteurs de
commutation de l'ampli- zu erzeugen, wobei sich der erste und der zweite
ficateur de commutation a une fr6quence de ligne Pegel mit einer
Vertikalfrequenz in einer allge-   entre des premier et second niveaux de
conduc- mein sigezahnf6rmigen Weise indern, und           tion, excitant de
la sorte le circuit resonnant LC a einen abgestimmten Transformator (T1),
der   20   une fr6quence de ligne pour produire une modu- mit dem
gesteuerten AusgangsanschluB des          lation de frdquence de ligne du
courant de d6via- steuerbaren Schalters (Q4) und mit der Vertikal-   tion
de trame, le circuit de commande (26) repon- ablenkschaltung (20) gekoppelt
ist. um eine Nord-  dant au signal d'entr6e de frequence de trame
Sud-Kissenkorrektur in letzterer zu bewirken.      pour varier a la fois
les premier et second niveaux 14. Nord-Sujd-Kissenkorrekturschaltung nach
25   de conduction a. Ia frequence de trame pour Anspruch 13, dadurch
gekennzeichnet, dal .die      produire une correction de distorsion en
coussi- Nord-SOd-Kissenkorrekturschaltung (23) in Ver-     net nord-sud du
courant de d6viation de trame. bindung mit der Rasterabtastung in einer
Bil-        2. Un circuit de correction de distorsion en dr6hre (SP)
verwendet wird, die sine aspharische   coussinet nord-sud selon la
revendication 1, Frontplatte 130) hat, deren Krummung in der Mitts   30
caract6ris6 en ce que le cireetlit r6sonnant LC (22) geringer ist als die
Krummung am Rand, und         comprend un condensateur (C5) couple A un
wobei die Steuerschaltung (26) eine Einrichtung    premier enroulement (Ws)
d'un transformateur zur nichtlinearen Wellenformung des vertikalfre-
(Ti). un second enroulement (Wp) du transforma- quenten Sigezahnsignals
enthilt, um restliche      teur 6tant coupl6 A I'amplificateur de commuta-
Nord-SOd-Kissenverzeichnung zu korrigieren.  36   tion prea'te (Q4). 15.
Nord-SOd-Kissenkorrekturschaltung nach         3. Un circuit de correction
de distortion en Anspruch 13. dadurch gekennzeichnst, daB der
coussinet nord-sud selon la revendication 2. steuerbare Schalter (04) den
abgestimmten          caract6ris6 en ce que l'inductince du transforma-
Transformator (Ti) dazu erregt, sine horizontal-   teur pr6cit6 (Ti) est
adjustable pour contr6ler la frequente, sinusf6rmige Spannung zu erzeugen,
40   phase de la modulation de frequence de ligne die an die
Vertikalablenkschaltung (20) gelegt     ducourant de deviation de trame
precite. wird und deren HOlikurve sich mit einer Vertikal-    4. Un circuit
de correction de distorsion en frequenz im Einklang mit dem
vertikalfrequenten    coussinet nord-sud selon la revendication 1, 



Sagezahnsignal andert, und wobei die Steuer-       caracteris6 en ce quo le
circuit de commande schaltung (26) eine Einrichtung enthalt, die auf ein
45   precit6 (26) augments le premier niveau de den   VertikalrOcklauf
anzeigendes   Signal       conduction et. diminue le second niveau de
anspricht, um den Zeitpunkt, zu dem die besagte    conduction pendant le
balayage de trame. HOlIkurve die H8he Null innerhalb des Vertikal-      5.
Un circuit de correction de distorsion en rucklaufintervalls erreicht, auf
einen Zeitpunkt   coussinet nord-sud selon la revendication 1,
vorzuverschieben, der fruher als die Mitte des   so   caract6ris6 en ce que
le circuit de commando (26) Vertikalrucklaufs liegt.
comprend des preonier (QA) et second (GB) ampli- 16.
Nord-Sid-Kissenkorrekturschaltung nach       ficateurs de commands
r6pondant au signal d'en- einem der Anspruche 1 bis 11 und 13 bis 15,
tr6e de fr6quence de trame pr6cite pour produire dadurch gekennzeichnet,
daB die Steuerschal-       des signaux en dents de scie de frequence de
tung (26; 126) die Leitfahigkeit des Schalters (04)   ss   trame inverses
et non invers6s aux sorties respec- zwischen einem ersten und einem zweiten
Pegel      tives des des amplificateurs de commando, et des mit einer
Horizontalfrequenz und einem Tastver-    premier (Q1) et second (02)
commutateurs de haltnis von im wesentlichen 50% Andert.            commando
coupl6s aux sorties respectives des premier (QA) et second (GB)
amplificateurs de Revendications                                60
commando et repondant au signal de frequence de ligne pour commuter les
sorties des commuta- 1. Un circuit de correction de distorsion en     teurs
de commando entre des etats conducteurs coussinet nord-sud (23),
comprenant:               et non conducteurs a une frequence de ligne en un
enroulement de deviation de trame (Lv);       opposition de phase l'un avec
I'autre. un amplificateur de deviation de trame (21)   65   6. Un circuit
de correction de distorsion en 13    25              EP 0 176 589 B1
26    *c  L  M  S coussinet nord-sud selon la revendication 1,         un
circuit resonnant LC (22) couple a l'enroule- caract6ris6 en ce que le
circuit de commande       ment de deviation de trame (Lv) et recevant de
pr6cite (26) change la commutation des niveaux     celui-ci un courant de
deviation de trame; conducteurs de l'ampilficateur de commutation
caracterise par: (04) pendant l'intervalle de retour de trame d'une    5
un amplificateur de commutation (Q4) couple au maniere qui avance le temps
que ia modulation de   circuit resonnant LC (22); et par: frequence de
ligne atteigne l'amplitude nulle dans   un circuit de commande (26) couple
a l'amplifi- i'intervalle de retour de trame a un instant qui se  cateur de
commutation (Q4) et repondant au produit avant le centre de l'intervalle de
retour de  signal d'entr6e de frequence de ligne pour pro- trame.
to   duire un signal de commande qui commute des 7. Un circuit de
correction de distorsion en      niveaux conducteurs de l'amplificateur de
com- coussinet nord-sud selon la revendication 1,       mutation (Q4) a une
frequence de ligne qui est un caracteris6 en ce que le signal d'entr6e de
fre-   cycle de travail de sensiblement 50 pour cent, quencedetrame est
d'uneforme g6n6ralement en       excitant de la sorte le circuit resonnant
LC (22) a dents de scie pour permettre au circuit de comn-   s5
unefrbquencedelignepourproduireunemodula- mande pr6cit6 (26) de varier
l'enveloppe de la     tion defr6quence de ligne du courant de d6viation
modulation de frequence de ligne du courant de     de trame, le circuit de
commande (26) repondant d6viation de trame d'une maniere g6n6ralement
au signal d'entree de fr6quence de trame pour en dents de scie, oCb le
circuit de correction de  varier la modulation de fr6quence de ligne du
distorsion en coussinet nord-sud est utilisM en   20   courant de d6viation
de trame A une fr6quence de conjonction avec le balayage de trame dans un
trame pour produire une correction de distorsion tube-image (SP) ayant une
plaque frontale asphe-   en coussinet nord-sud. rique (30) et ou le circuit
de commando (26)         13. Un circuit de correction de distorsion en
comprend un moyen pour conformer non lin6aire-     coussinet nord-sud,
comprenant: ment o'enveloppe pour corriger une distorsion en   25  un
circuit de d6viation verticale, coussinet nord-sud restante.
un moyen pour produire un signal en dents de 8. Un circuit de correction de
distorsion en      scie de frequence verticale; et coussinet nord-sud selon
la revendication 7,         un moyen pour produire un signal de fr6quence
caract6ris6 en ce quo Ia courbure de la plaque     horizontale; caract6rise
par: frontale pr6cit6e (30) a son centre qui differe deola   30  un
commutateur contr6lable (Q4) ayant une courbure pres de ses bords pour
produire des       borne de commando (base deoQ4) et une borne de bords de
plaque frontale qui sont sensiblement     sortie commandee (collecteur de
Q4); dans un plan.                                        un circuit de
commando (26) couple a la borne 9. Un circuit de correction de distorsion
en      de commando du commutateur r6pondant au coussinet nord-sud selon la
revendication 7,   35   signal en dents de scie de fr6quence verticale et
au caract6rise en ce quo le circuit de commando       signal de fr6quence
horizontale pour produire un pr6cit6 (26) comprend un moyen pour ajuster
signal de commando (33H) pour changer la condi- asymetriquement la hauteur
d'enveloppe pour        tion du commutateur (Q4) entre des premier et
produire une plus grande hauteur d'enveloppe a     second niveaux A une
fr6quence horizontale, les l'un des d6but et fin du balayage de trame qu'a
40   deux premier et second niveaux variant A une l'autre des d6but et fin
du balayage de trame.     fr6quence verticale d'une maniere g6n6ralement 



10. Un circuit de correction de distorsion en    en dents de scie; et
coussinet nord-sud selon la revendication 1,         un transformateur
accord6 (Ti) couple A la caracteris6 par un condensateur (C18) coupl6 en
borne de sortie commandee du commutateur parallele a 1'enroulement de
d6viation de trame    45   contr6lable (Q4) et au circuit de d6viation
verticale pr6cit6 pourformer un circuit accorde avec celui-ci  (20) pour
produire la correction de distorsion en A sensiblement la fr6quence de
ligne pour r6duire  coussinet nord-sud dans ce dernier. Ia tension de
fr6quence de ligne appliquee A la      14. Un circuit de correction de
distorsion en sortie de 'amplificateur de deviation de trame (21).
coussinet nord-sud selon la revendication 13, 11. Un circuit de correction
de distorsion en   so   caract6rise en ce que le circuit de correction de
coussinet nord-sud selon la revendication 10,      distorsion en coussinet
nord-sud (23) est utilis6een caract6rise par une resistance d'amortissement
conjonction avec un balayage de trame dans un (R53) couplee en s6rie au
condensateur pr6cit6     tube-image (SP) ayant une plaque frontale asphe-
(C18) pour produire un trajet de retour de courant  rique (30) oCu la
courbure au centre est moindre quo de fr6quence de ligne.
55   la courbure A un bord, et ou le circuit de coin- 12. Un circuit de
correction de distorsion en    mande (26) comprend un moyen pour conformer
coussinet nord-sud, comprenant:                    non lin6airement le
signal en dents de scie de un enroulement de d6viation de trame;
frequence verticale pour corriger la distorsion en un amplificateur de
d6viation de trame pour      coussinet nord-sud restante. produire un
courant de deviation de trame dans   60  15. Un circuit de correction de
distorsion en l'enroulement de d6viation;                        coussinet
nord-sud selon la revendication 13, un moyen pour produire un signal
d'entr6e de      caract6ris6 en ce que le commutateur controlable frequence
de trame;                                (Q4) excite le transformateur
accord6 precit6 (T1) un moyen pour produire un signal d'entr6e de      en
produisant une tension sinusoidale de fr6- frequence de ligne; et
65   quence horizontale qui est appliquee au circuit de 14    27
EP 0 176 589  Bt                    28        C  L  M  S deviation
verticale (20), l'enveloppe de la tension    16. Un circuit de correction
de distorsion en sinusoidale variant a une fr6quence verticale
coussinet nord-sud selon l'une des revendica- selon le signal en dents de
scie de fr6quence        tions 1 a 11 et 13 a 15, caracterise en ce que le
verticale, et oCi le circuit de commande precit6     circuit de comrnMande
precite (26; 126) change la (26) comprend un moyen r6pondant a un signal
5    conduction du commutateur precite (04) entre representatif du retour
vertical pour avancer le-    des premier et second niveaux A une fr6qeunce
temps ou l'enveloppe atteigne la hauteur nulle       horizontale d'un cycle
de travail de sensiblement dans l'intervalle de retour vertical a un
instant qui  50%. se produit avant le centre du retour vertical. 70 75 20
25 30 35 40 45 50 55 60 65 15    


