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PARABOLA GENERATORS W TH AUXI LI ARY RESET FUNCTION This invention relates to

the field q&m@ﬁkggghémgamﬁ&atlng circuits for use in correcting distorf#8n?
of raster di BRI 0 visions, and in particular, to parabolic waveform
ﬂ i Etﬂﬂ t enhanced i nmirmi ty to vertical ratRCHi89®bances

gerfierators 5
as may be ca lon of certain kinds of vertical deflection

circuits,and enhanced imunity to distortion during channel change. A
theoretically correct scanned raster display in a television apparatus is
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scan |lines have Fhierinvehtight relates\dodthendiglidasf parabola generating
circuits for use in correcting distortion of raster displays in
televisions, and in particular, to parabolic waveform generators

5 which exhibit enhanced immunity to vertical rate disturbances as
may be caused by operation of certain kinds of vertical deflection
circuits and enhanced immunity to distortion during channel change.

A theoretically correct scanned raster display in a television
apparatus is exactly rectilinear, with all the horizontal lines of the

10 raster straight and parallel. [In unidirectional raster scanning, of
course, the scan lines have a very slight downward inclination.
Several different kinds of distortion can resuit from either the
circuits producing the vertical or horizontal beam defiection
signals, or from the geometry of a projection television system.

15 Pincushion distortion is characterized by an inward bowing of the
raster. Pincushion distortion can be a problem in both direct view
and projection sets. Trapezoidal distortion is mainly a problem of
projection sets because all of the multiple projection tubes cannot
be aligned on the same projection axis. Convergence distortion is

20 characterized by a misregistration of corresponding points of the

respective rasters produced by the projection tubes of a projection
set. '

One form of pincushion distortion is often referred to as
North-South pincushion distortion. The horizontal raster lines at
25 the top and bottom of the display are bowed inwardly toward the
center of the display by an amount which is greatest for lines at the
extreme top and bottom, and less approaching the vertical center.
Another form of pincushion distortion is referred to as East-West or
side pincushion distortion, and is characterized by the endpoints of
30 the horizontal raster lines varying in lateral position such that the
width of the horizontal raster lines is less at the vertical center of
the raster than at the top and bottom.
In a projection television apparatus, a color display can be
produced by projecting three separate rasters from monochrome
35 cathode ray tubes (CRTs) for the primary colors from different
locations, and overlaying the three rasters when projecting them
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distortion is mainly a problemof projection sets because all of the
mul ti ple projection tubes cannot be aligned on the sane projection axis.

Cortseganainlh o oG, eeth, Peashen ‘Sroesia BIaBaAE O o
t ubes of ad m%g;tmlmusgéae corrected individually for the raster of each
projection tube. Pincushion correction is often not corrected by
modifying the main deflection signals driving the main horizontal

s and vertical deflection yokes, as in many direct view sets, due to
undesirable spot degradation. Projection tubes can be provided with
auxiliary horizontal and vertical deflection yokes for correcting
geometrical distortions, such as pincushion and trapezoid, as well
as convergence. The correction signals for each kind of distortion

10 can be combined into composite correction signals for driving the
auxiliary yokes. Accordingly, disturbances in any one of the '
correction signals can disturb correction of the other distortions as
well.

A North-South pincushion correction signal can be obtained by

15 integrating ramps at the horizontal rate to generate parabolas and
modulating the resulting parabolas at the vertical rate. This
correction signal is a maximum amplitude parabola for lines at the
top of the raster, no correction at the center of the raster, and a
maximum amplitude parabola of an opposite polarity at the bottom.

20 A side pincushion correction signal can be obtained by integrating
ramps at the vertical rate to generate parabolas and modulating the
parabolas at the horizontal rate. This correction signal is a parabola
of maximum amplitude at the vertical center of the raster, and
opposite polarities for the lateral sides of each scan line.

25 Horizontal and. vertical retrace, or flyback, pulses can be use for
timing the horizontal and vertical rate signals, respectively, if the
pulse widths and frequencies (and consequently the respective
periods) of the retrace pulses are substantially constant. Variations
in the pulse widths and/or frequencies of the retrace pulses can

30 disturb the generation of accurate correction parabolas, particularly
those used in North-South pincushion correction.

The circuits for generating the horizontal and vertical rate
parabolas for correcting raster distortion can be coupled to the
same horizontal and vertical deflection circuits that produce the

as deflection signals applied to the primary deflection yokes of the
respective CRTs of a projection television, for example through the
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proj ect i on cirguitsi wiibn the pagin Wdeflection systerasp aﬂ'h@aﬁra@éf‘)fmer can be a
source of horizontal and vertical retrace pulses. However, operation
of the vertical deflection circuit can cause certain problems in the
5 retrace signals due to loading of the deflection circuits.

Under ideal circumstances, the width of the horizontal retrace
pulses and the frequency (and consequently the period) of the
horizontal retrace pulses is constant. However, certain
disturbances, characterized as phase distortion or timing distortion,

10 or both, resulting from operation of the vertical deflection circuit

" ‘can alter the constancy of the width and frequency of the horizontal

retrace pulses. Timing disturbances at a vertical rate can be
coupled through the secondary windings of the integrated high
voltage transformer. The timing disturbances can modulate the

15 horizontal retrace pulses, by altering pulse width or frequency, or
both. The horizontal retrace pulses are used to reset the ramp
generating portion of the parabola generator at the horizontal rate.
The modulation is at the vertical rate and multiples thereof. In
many vertical deflection systems the phase or timing distortions

20 are small enough to be tolerable. Special compensation circuits are
not usually required.

Some vertical deflection systems, for example switched mode
vertical deflection systems, can produce significant phase
distortion in all the secondary windings of the integrated high

25 voltage transformer due to the switched mode of operation. The
phase distortion can be most pronounced during the last part of
vertical retrace, when the current through the switched elements,
for example an SCR for effecting switched vertical retrace, is at its
peak. The loading from this current modulates the horizontal

30 retrace pulses, causing variation of pulse width or variation of
frequency, or both, even from line to line. Changes in either pulse
width or frequency (and consequently period) are processed in a way
which causes variation of horizontal rate signals produced in signal
generators relying on horizontal retrace pulses for timing, for

35 example those in parabola generators. The ramp signal in a parabola
generator, for example, will not have a constant frequency, and the
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ramps will have different maximum amplitudes. Horizontal rate
ramp signals can be integrated to produce a horizontal rate parabola
for North-South pincushion correction, or used as a modulation
signal for side pincushion correction. Variations in the start time

5 of the ramps, the duration of the ramps and the maximum amplitude
of the ramps will have a detrimental effect on the parabolas or
modulate d signal envelopes. As a result of the variations in the
horizontal retrace pulses, the horizontal rate parabola signal and/or
modulation signal can vary in amplitude at the vertical rate.

10 Typically, the ramp signal developed in a parabola generator,
for example, is AC coupled to an integrator. The capacitor which

} effects the AC coupling must have a long enough time constant to

avoid distortion of the ramp signal prior to integration. The long
time constant will permit the vertical rate disturbance, for example

15 at 60 Hz and multiples thereof, to couple through the capacitor as
well. The peak-to-peak voltage will vary and the average voltage
will vary. Changes in the average voltage will be processed by the
integrator as a DC voltage offset, positive or negative depending on
the variation. Several vertical periods are necessary for the error

20 resulting from the change in average voltage to disappear, due to the
long time constant of the integrator. I a single variation is of
sufficient magnitude, the parabolas will have different amplitudes
for several vertical periods, until the average voltage returns to
zero. Lack of precision in convergence correction may be noticeable

25 briefly, but the problem is tolerable if not easily perceptible,
intermittent and self correcting. However, if the variations persist,
as can happen in a system having a switched mode vertical
deflection circuit, the errors of each successive horizontal line will
accumulate in the integrator. As a result, the parabola will become

30 progressively distorted, perhaps even reaching the point of causing
further distortion of the raster instead of correcting the raster. In
some cases, the amplitude envelope of the repetitive parabolas can
exhibit a nonlinear vertical rate distortion due to the accumulated
errors, as shown for example in FIGURE 7. The distortion can be

35 particularly acute during vertical retrace. The problem can be
overcome according to an aspect of the invention by aiso resetting
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conver gence. || n signals for each kind of distortion 10 can be
conbi ned into conp05|te correctlon signals for driving the auxiliary yokes.
Accordi ngly, disturbances in any one of the correction signals can disturb
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hori zont al hogizental getracat pulsasatisedstaanaset the honzontai rate ramp
generator. This assures that no errors can accumulate in the
integrator, from one horizontal line to the next.

5 Another problem having a similar detrimental result on
correction waveforms can occur during a channel change, when the
vertical deflection circuit must lock to the synchronizing signals of
a new video signal. Locking onto a new video signal can not be
accomplished instantaneously, but requires a certain time interval.

to The loss of vertical synchronizing pulses during channel change will
consequently result in the loss of vertical reset pulses and vertical
retrace pulses. In order to prevent the raster from collapsing, most
vertical deflection circuits provide for a free running mode at a
slightly slower frequency than the vertical rate. This may be

15 accomplished by an analog oscillator or a digital vertical countdown
circuit. A vertical countdown circuit, for examplie in an NTSC
interlaced scanning television operating at a vertical rate of 60 Hz,
may be adapted to produce reset pulses at an expected vertical
frequency based on a 2fy to fy ratio of 592:1, that is at a vertical

20 frequency of 53 Hz. When changing channels, the vertical deflection
ramp charges longer than normal until a valid sync signal from the
new video signal is detected, because the vertical period is
effectively increased by the lower free running or countdown
frequency. The effect of the extended charging of the vertical ramp

25 is that the average value of the ramp signal AC coupled to the
integrator will increase considerably, so that the shape and size of
the parabolas generated after restoration of vertical sync will
reflect a substantial DC offset voltage. The offset voltage can
require several vertical fields to return to a zero average value.

3o During this time, the pincushion correction circuits can deviate
substantially from their steady state levels. The resulting error, in
a projection television, having superimposed rasters and composite
correction waveforms driving the auxiliary deflection coils, is,
referred to as convergence bounce following a channel change. The

3s problem can be overcome according to another aspect of the
invention by also resetting the integrator at the vertical rate, for
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It is an aspect of the invention to provide parabola generating

5 circuits which are not prone to transient and vertical rate errors.

It is a further aspect of the invention to isolate convergence
and pincushion distortion correction circuits from the effects of
loading of the high voltage transformer during vertical retrace, for
example of the kind resuiting from switched mode operation of the

10 vertical deflection circuit.

It is another aspect of the invention to permit pincushion
correction circuits to recover from a loss of vertical sync in a
minimum time, without apparent effects on the accuracy of
convergence correction due to channel changes and comparable

15 transient effects.

In accordance with these and other aspects of the invention, a
parabola generator for geometric correction of a television raster,
comprises: a resettable circuit for generating a repetitive ramp
signal and a resettable integrator for generating a repetitive

20 parabola signal from said repetitive ramp signal. A first resetting
circuit for initializes the ramp circuit at a frequency related to a
scanning frequency. An auxiliary resetting circuit for initializes the
integrator prior to integrating each repetitive ramp. The auxiliary
resetting circuit minimizes timing errors from variations of the

25 ramp signal due to transient conditions. In one embodiment, the
scanning period is a horizontal scanning period and the ramp and
parabola circuits are reset at the end of each horizontal scanning
interval. In this case, the first and auxiliary resetting circuits are
responsive to horizontal retrace pulses, for example the leading

30 edges of the horizontal retrace pulses. A further circuit modulates
the periodically reset parabolic signal at a vertical scanning rate
for driving an electron scanning beam deftection circuit, for example
one having an auxiliary deflection coil. In another embodiment, the
scanning period is a vertical scanning period and the ramp and

35 parabola circuits are reset at the end of each vertical scanning
interval. In this case, the first and auxiliary resetting circuits are
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driving an electron scanning beam deflection circuit, for example
5 one having an auxiliary deflection coil.

More particularly, the parabola circuit may comprise an
integrator for integrating a- repetitive ramp signal, the integrator
generating a waveform which is set to a zero value amplitude by
operation of the auxiliary resetting circuit. The integrator may

10 comprise an operational amplifier and an integrating capacitor. The
auxiliary resetting circuit may comprise a transistor switch for
discharging the capacitor. The integrator may be coupled to a high
voltage transformer operable to power deflection of a beam of the
raster, the resetting circuit correcting errors in the raster coupled

15 through the transformer. |

Resetting the waveform responsive to a timing signal rather
than allowing the minimum level of the waveform to be defined only
by operation of the integrator, that is by the uncontrolled
dissipation of the charge on the capacitor, improves the accuracy of

20 pincushion correction.

FIGURE 1 is a diagram illustrating a rectilinear raster.

FIGURE 2 is a diagram illustrating North-South pincushion
distortion of a raster.

FIGURE 3 is a dlagram illustrating East-West pincushion

25 distortion.

FIGURE 4 is a block diagram of a circuit for generating a a
parabolic correction signal according to an aspect of the invention.

FIGURE 5 is a circuit schematic of a parabola generator for
developing a correction signal for North-South pincushion

30 correction, according to an aspect of the invention.

FIGURE 6 is a circuit schematic of a parabola generator for

developing a.correction signal for East-West pincushion correction,

according to another aspect of the invention.
FIGURE 7 illustrates a parabola waveform with non-linear
vertical rate distortion, due to accumulated errors.

The raster 40 shown in FIGURE 1 is an accurate and correct

35 video display formed from a plurality of straight horizontal scan
lines 42, which are of equal length and are parallel. The endpoints
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with the mai.n. deflectio stens. The transfornmer can be a source of
-hari zont al  angeasinh _ fhce pul ses. wever, operation of the vertica
defl ection ci f{REIEN ﬂ e certain probrens in the 5 retrB68 8.8fl s due

t-o | oadi ng of I sk n circuits. Under ideal circunstances, the wdth
of the horizontal retrace pulses and the frequency (and consequently the
period) of the horizontal retrace pulses is constant. However, certain

44 of the scan lines all reside along vertical lines at the lateral
sides of the raster display, perpendicular to the individual scan
lines 42. Distortion of the raster can be produced due to distortions
produced in the deflection circuits, in the curvature of the viewing
s surface or in the geometry of a projection system. Two examples of
distortion in direct view and projection sets are the North-South (or
top-bottom) pincushion distortion shown in FIGURE 2, and the East-
West (side) pincushion distortion shown in FIGURE 3. Trapezoid and
convergence distortion are not illustrated, but can also be expected
10 in a projection set.

In the North-South pincushion distortion of raster 48, the
individual scan lines 42 of the raster display bow inwardly by an
amount which is greatest at the top and bottom of the raster, and is
less approaching the vertical center. The vertical deflection of the

15 scanning electron beam can be adjusted by means of a parabolic
shaped correction signal at the frequency of horizontal scanning to
correct this distortion. The parabolic correction signal is modulated
by a ramp at the vertical rate such that the correction parabola has
a maximum positive (upward) amplitude at the top line of the raster,

20 a zero amplitude at the vertical center scan line (which is not
distorted ), and a maximum negative (downward) amplitude at the
bottom scan line.

In the East-West pincushion distortion of raster 48, the scan
lines 42 at the top and bottom of the raster are longer than those at

25 the vertical center, producing an inward bowing of the lines 44 at
the sides of the raster, corresponding to the endpoints of the
respective scan lines. This distortion can also be corrected by a
parabolic correction signal, applied to modify horizontal deflection
of the scanning beam. In this case, however, the parabola is at the

30 vertical rate and the modulation is by a ramp at the horizontal rate.

In a projection television apparatus, the distortion of the
rasters of the three primary color CRTs may be different due to
differences in scanning deflection and differences in projectian
angles between the projection axes and the axial center (the center

3s of curvature} of the projection surface or screen. When
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distortions FIGURE 4 illustrates in block form a circuit for producing a
parabolic correction signal according to an aspect of the invention.

s The sawtooth shaped output signal 62 of a periodically reset ramp
generator 84 is AC coupled to an active integrator 70 via a series
capacitor 76. The integrator 70 comprises an operational amplifier
72 and a feedback capacitor 74, and produces the parabolic output 60
as shown.

10 The ramp generator 84 can comprise a constant current supply
for charging a capacitor, producing an ascending ramp voitage, and
first resetting means 86, such as a transistor switch, for quickly
discharging the capacitor to cause the voltage to drop off at the
conclusion of the vertical or horizontal interval. Integration of the

15  AC coupled ramp signal produces a repetitive parabola signal, useful
for correction of pincushion distortion. However, the parabola
signal produced by the integrator 70 is subject to variation due to
periodic and/or transient variations which occur in the ramp signal
62. These periodic or transient variations can result, for example,

20 from vertical rate disturbances coupled from the vertical deflection
system and from loss of vertical sync during channel change. In
either case, the timing disturbances are coupled through capacitor
76, which has a long time constant to prevent distortion of the ramp
signal. The timing errors change the average voltage level at the

25 input to the integrator 70. The difference in average voltage level is
processed by the integrator as a DC offset, which distorts the
steady state shape of the parabolas. In view of the long time
constant of the integrator, the average voltage error will require
several vertical periods to dissipate. If the timing disturbance is

3o periodic and repetitive, the average voltage level error in the
integrator will not have an opportunity to dissipate. Instead, the
error will accumulate, increasing the distortion of the parabola.
According to an aspect of the invention, the capacitor 74 forming
the feedback path of the operational amplifier 72 of integrator 70 is

35 coupled to an auxiliary resetting means 80, such as a transistor
switch, operative to discharge the capacitor 74 during the
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wi dt h or vanyagicenumaslation of error, and assures that each parabola generated
will start with a zero average voltage level, that is, with no
unintended DC offset. Such a circuit in accordance with aspects of
s the invention is substantially insensitive to variations in the ramp
signal 62.

Different forms of periodic and/or transient variations can
affect the generation of the ramp signal and therefore the parabola.
Certain disturbances, for example, characterized as phase distortion

1o or .timing distortion, or both, resulting from operation of the
vertical deflection circuit can alter the constancy of the width and
frequency of the horizontal retrace pulses. Timing disturbances at a
vertical rate and multiples thereof can be coupled through the
secondary windings of the integrated high voltage transformer. The

15 timing disturbances can modulate the horizontal retrace puises, by
altering pulse width or frequency, or both. The horizontal retrace
pulses are used to reset the ramp generating portion of the parabola
generator at the horizontal rate. Some vertical deflection systems,
for example switched mode vertical deflection systems, can produce

20 significant phase distortion in all the secondary windings of the
integrated high voltage transformer due to the switched mode of
operation. The phase distortion can be most pronounced during the
last part of vertical retrace, when the current through the switched
elements, for example an SCR for effecting switched vertical

25 refrace, is at its peak. The loading from this current modulates the
horizontal retrace pulses, causing variation of pulse width or
variation of frequency, or both, even from line to line. As a result,
the ramp signal in a parabola generator, for example, will not have a
constant frequency, and the ramps will have different maximum

30 amplitudes. Horizontal rate ramp signals can be integrated to
produce a horizontal rate parabola for North-South pincushion
correction, or used as a modulation signal for side pincushion
correction. Variations in the start time of the ramps, the duration
of the ramps and the maximum amplitude of the ramps will have a

35 detrimental effect on the parabolas or modulate d signal envelopes.
As a result of the variations in the horizontal retrace pulses, the
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horizontal rate parabola signal and/or modulation signal can vary in
amplitude at the vertical rate.

Another problem having a similar detrimental result on
correction waveforms can occur during a channel change, when the

5 vertical deflection circuit must lock to the synchronizing signals of
a new video signal. Locking onto a new video signal can not be
accomplished instantaneously, but requires a certain time interval.
The loss of vertical synchronizing pulses during channel change will
consequently result in the loss of vertical reset pulses and vertical

10 retrace puises. In order to prevent the raster from collapsing, most
vertical deflection circuits provide for a free running mode at a
slightly slower frequency than the vertical rate. When changing
channels, the vertical deflection ramp charges longer than normal
until a valid sync signal from the new video signal is detected,

15 because the vertical period is effectively increased by the lower
free running frequency. The effect of the extended charging of the
vertical ramp is that the average value of the ramp signal AC
coupled to the integrator will increase considerably, so that the
shape and size of the parabolas generated after restoration of

20 vertical sync will reflect a substantial DC offset voltage. The
offset voltage can require several vertical fields to return to a zero
average value. During this time, the pincushion correction circuits
can deviate substantially from their steady state levels. The
resulting error, in a projection television having superimposed

25 rasters and composite correction waveforms driving the auxiliary
deflection coils, is referred to as convergence bounce following a
channel change. The problem can be overcome according to another
aspect of the invention by also resetting the integrator at the
vertical rate, for example by the same vertical retrace pulses used

30 to reset the vertical rate ramp generator. This assures that the
integrator will be initialized after each vertical trace so as to begin
each successive vertical trace with no DC offset voltage.

In each of the foregoing examples, the integrator of a parabola
generator, as well as the ramp circuit, are reset by the reset pulse.

35 The auxiliary reset function of the parabola signal dependably
initializes, that is zeroes, the integrator before the beginning of
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originating in vertical deflection systems and prevents distortion of
the parabolas following restoration of vertical sync, for example

5 after channel change. In prior art systems, each repetitive parabola
begins from whatever residual DC offset is processed by the
integrator, as a result of a distorted ramp signal. Such circuits are
subject to considerable distortion, particularly during channel
change when vertical sync is temporarily lost and particularly when

10 used in conjunction with noisy vertical deflection systems, such as
those operating in a switched mode. According to an aspect of the
invention, each repetitive parabola is always initialized from a
predefined level, for example a zero DC offset, due to an auxiliary
reset function responsive to a timing signal.

15 FIGURE 5 illustrates a circuit schematic for implementing a
correction circuit for North-South pincushion distortion, according
to an aspect of the invention. The circuit comprises a ramp
generator having a current source in the form of PNP transistor Q1,
whose collector is coupled to integrating capacitor C2. Current

20 source transistor Q1 charges capacitor C2 to form the ramp or
sawtooth signal at the horizontal scanning rate. The emitter of Q2
is 'coupled to the positive supply through resistor R3. The level at
the base of Q1 is fixed by a voltage divider comprising resistors R1

o and R2. A capacitor C1 decouples the voltage divider junction (and

25 the base of Q2) relative to the positive supply. Subject to feedback
to the emitter of Q1 via R16 and C8 as discussed hereinafter, the
current supplied by current source Q1 is substantially constant,
whereby integrating capacitor C2 charges constantly to obtain a
ramp.

30 integrating capacitor C2 is discharged by switching transistor
Q2 during the horizontal retrace. Resistors R4 and R5 couple the
base of transistor Q2 to a reset signal from the horizontal
deflection circuit 106, for example to the secondary winding of the
IHVT that produces retrace pulses. Diode D1 clamps the base of Q2

35 with respect to ground. During a retrace pulse, capacitor C2 is
discharged and upon completion of the retrace pulse C2 begins to
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avoi d di stortiomof—theranp-signal prior to integration. The long tine
constant Wi | 4y his BellGroyly i cal rate disturbance, for exanple 15 at 60
’ £piace )

li‘o coupl e through the capacitor as well. The

Hz and nmultip S A

peak-t o- peak i Bﬂl ary and the-#43erage voltage wi |l R@Ay85 @¥anges
in the averageiyg; ik be processed by the integrator as a DC voltage
of fset, positive or negative depending on the variation. Several vertical
peri ods are necessary for the error 20 resulting fromthe change in
average voltage to dj sappear, due tg the lLong tinme constant qof th

i nt egr at or .Chargg agaAR, e#’@aﬁlgﬁa?o%t C2 dhergliong &eélmnqr@gﬁaw}ee& taﬂeﬁl%r abol as
w || have didgrizsmetall eage).i t udes for several vertical periods, until the

average vol tage Ti5 YWdiwtooth is coupled to a follower amplifier stage formed

by PNP ftransistor Q3, whose emitter is coupled to the positive

s supply through resistor R6, and reproduces the sawtooth. The
sawtooth is AC coupled through series capacitor C3 and resistor R7
to an active integrator. The integrator comprises operational
amplifier U1, to which the ramp signal is coupled at the inverting
input. Feedback capacitor C4 is coupled between the output of the

10 operational amplifier and the inverting input. Resistors R9 and R10
are coupled to the positive and negative 12V power supplies,
respectively. By integrating the AC coupled horizontal rate ramp
signal, a parabola 60 at the horizontal rate is obtained at the output
of operational amplifier U1. A vertical deflection circuit 90

15 provides an output to a vertical sawtooth circuit 92, which in turn
generates a vertical sawtooth signal as an input for a North-South
pincushion correction circuit 94. The vertical deflection circuit can
be a switched mode vertical deflection circuit. Switched mode
vertical deflection circuits are known in the art and need not be

20 described herein in detail. Mention can be made that switched mode
vertical deflection circuits comprise active switching elements, for
example SCRs. The switching elements can conduct large scanning
currents, particularly near and during vertical retrace. The
switching elements can be a source of considerable noise, at

25 vertical scanning rates and muitiples thereof, which can easily
couple to other circuits, for example through the high voltage or
flyback transformer. The North-South pincushion correction circuit
modulates the parabola by the vertical sawtooth signal, at the
vertical rate, in a known manner. The modulated signal is coupled to

30 a summing circuit 100. Other inputs to summing circuit 100 are
generated by trapezoid correction circuit 96 and convergence
correction circuit 98. A composite correction signal is coupled to
output amplifier U2, for driving the auxiliary vertical deflection
yoke Y1.

35 The repetitive parabola signal developed at the output of
operational amplifier U1 can be somewhat advanced in phase
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"~ zero. Lack of precision in convergence correction may be noticeable 25
.briefly, but: TlhsaShpatHkslBaé’ﬂReplﬁea olerable if not easily perceptible,

Liptermttent aj ting. However, if the varlatlonz:é{)ermst as
g a switchddtode vertical defl &&A 88.9¢8rcuit,

can happen in
the errors of e horizontal line will accunulate in the

integrator. As a result, the parabola will becone 30 progressively
di storted, perhaps even reaching the point of causing further distortion of
t he rasterfelgﬁt ea t he rast SO cases, .the anplitude

of corr ecti{; ar. {ﬂn
envel ope o S8N&rguon P gﬁ?aﬁaséﬁrn YRi 1 SIUSIoRIIRERNGertical rate
distorti onetﬂmvheret e thec delsivigion eircoitsy. abindeowihdser circampdtancesFIiGURE 7.

The di stortdight ¥ nBRessary to insert a phase delay, for example after the
output of the operational amplifier, to compensate for the phase
5 difference. Instead, resistor R8 adds a DC bias to the ramp signal,
which raises the ramp signal level relative to a zero voltage level
baseline. This has the effect of shifting the center of the parabola,
as though the parabola had been delayed in time. The DC bias does
alter the shape of the parabola to a small extent, but not enough to
10 disturb the convergence correction. _
According to the invention, switbhing means are provided to
discharge the feedback capacitor C4. Discharging C4 turns the
integrator configuration of the operational amplifier into that of a
follower amplifier, setting the output to the level at the
15 noninverting input, which is grounded. Accordingly, the parabola is
initialized to zero amplitude as of a paint in time defined by the
retrace pulse rather than reaching its minimum as a function of the
integration of the ramp and the time constant constrained discharge
of the capacitor. This removes any error which may accumulate due
20 to the fact that the ramp generation is coupled at least indirectly to
the switched vertical deflection circuit through the integrated high
voitage transformer (IHVT), and may be modulated thereby at the
vertical rate. :
The switching means for discharging capacitor C4 includes
25  switching transistor Q5, coupled in parallel with capacitor C4 and in
series with resistor R18 at its emitter. The base of transistor Q5 is
coupled to the retrace pulses from horizontal deflection circuit 106
through a differentiator formed by capacitor C9 and resistor R17.
Differentiating the pulses produces a high going pulse at the leading
3¢ edge and a low going pulse at the trailing edge of the retrace pulse.
The low-going pulse is cancelled by diode D2, clamping the base of
transistor Q5 relative to ground. The differentiator produces a very
narrow pulse, whereby capacitor C4 is quickly discharged coincident
with the leading edge of the retrace pulse. Resistor R32 is series
3s coupled in the retrace signal path to capacitor C9, and provides
protection against arcing of the kinescope {(not shown).

[ THIS SHEET HAS BEEN |
; REPLACED




" 35 partlcul 4rly acute during vertical retrace. The problem can be overcone
.accordi ng t()?ﬂ&S&&ﬂEﬂEk@ﬁR l4ved | nvention by al so resetting the i ntegrator

~al the horizontj 1 exanpl e by ge sanme hori zont al retrace7pulses
used to reset rate rarrp'g Aerator. This assurfdeA 84790
errors can acc I ntegrator, fromone horizontal line to the
next . Anot her problen1haV|ng a simlar detrinental result on

correctlon wavef orms can occur during a channel change, when the

According to the embodiment of FIGURE 5, the parabola
obtained at the output of operational amplifier U1 is fed back to the
current supply transistor Q1 to modulate the otherwise constant
current supply and give the ramp at integrating capacitor C2 the

5 modified shape shown in FIGURE 5. The parabola is AC coupled via
capacitor C8 and series resistor R11 to an inverting amplifier stage
including transistor Q4. The base of transistor Q4 is biased by
resistors R12 and R13. Resistors R14 and R15 set the gain for
transistor Q4. The inverted signal is AC coupled via series resistor

10 R16 and capacitor C8 to the collector of current supply transistor
Q1. The added current to Q1 during the times in the cycle when the
parabolic output signal at the output of U1 is at is minimum causes
the charging rate of capacitor C2 to be greater at the beginning and
end of the ramp. The result is a modified parabola shape wherein the

15 slope of the parabola is greater at the lateral sides, which reduces
residual gullwing distortion in the raster. This aspect of the circuit
is explained in more detail in commonly owned, copending
application serial no. (RCA 85,835) entitted Pincushion Correction
Circuit With Gullwing Compensation, by E. Rodriguez-Cavazos, et al.

20 The circuit schematic shown in FIGURE 6 is arranged for
correction of East-West pincushion distortion rather than North-
South. Accordingly, a sawtooth is produced at the vertical rate and
is integrated to form. a parabola which is modulated at the
horizontal rate, correcting lateral distortion as shown in FIGURE 3.

2s Circuits for carrection of both forms of distortion are preferably
included in the television apparatus. In FIGURE 8, PNP current supply
transistor Q6 supplies a constant current to charge integrating
capacitor C10. As in the foregoing embodiment, a voltage divider
including R19 and R20 sets the level at the base of Q6, which is

30 decoupled relative to the positive supply by capacitor C9.

Transistor Q6 maintains a constant current through R21, coupled to
the positive supply, thereby producing a ramp at integrating
capacitor C10. Capacitor C10 is discharged at the vertical rate by a
switching means coupled to vertical retrace triggering means in

35 vertical deflection circuit 90. In the represented embodiment, the
switching means includes transistor Q7, coupled to the integrating
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“vertical deflection circuit—must lock to the synchroni zing signals of a new
vi ded signal . Locklng ont o a eM/video signal can not be acconplished

iQstantaneous a8 a certain tine interval. 10 The |oss of
vértical synch s during chiBnel change will conBejuafmITY
tesult in the reset pul ses and vertical retrace pulses. In

order to prevent the raster fron1co||apsing, nost vertical deflection
circuits provide for a free running node at a slightly slower frequency

oscl || at or CAPACRGY o118 tRHGN CERSITETRABan 106 BaRE OATABRISIORIALdSnt down
circuit, foo@l@d’Pﬁ:ﬁ thé eertieebCdefieetibRceidcisic @Mivig &6riesi ah@npargigiti ng at
a vertical rregats ors F?QZ and R23, respectively, which set the appropriate level.
The ramp at the vertical rate obtained at integrating capacitor
5 C10 is coupled to a follower amplifier comprising PNP transistor
Q8, whose emitter is coupled to the positive supply through resistor
R24 and whose collector is grounded.. Inasmuch as the ramp at C10
in this embodiment is linear, rather than moditied as in FIGURE 5,
the vertical sawtooth signal at the emitter of transistor Q8 can be
10 used in other circuits. For this purpose, the emitter of Q8 is coupled
to an NPN transistor Q11 via series capacitor C15. The base of
transistor Q11 is biased by resistors R33 and R34.
The emitter of Q8 of the follower amplifier stage is AC
coupled through series capacitor C11 and resistor R25 to the
15 inverting input of operational amplifier U3. A feedback path
including capacitor C12 couples the operational amplifier inverting
input and output, to form an active integrator. Leakage resistor R26
is coupled in parallel to C12, as is switching transistor Q10.
Transistor Q10 discharges capacitor C12 at the beginning of a
20 vertical retrace pulse. Inasmuch as the noninverting input to
operational amplifier U3 is set at a fixed positive voltage by a
voltage divider including resistors R27 and R28, the output of U3 is
set to this voltage when transistor Q10 discharges capacitor C12.
The vertical retrace pulses are differentiated by capacitor C13 and
25 resistor R31, forming a narrow pulse at the beginning of the vertical
retrace pulse. The differentiated output is clamped relative to
ground by diode D3. As C10 is periodically charged and reset at the
vertical rate, the ramp or sawtooth thereby produced is integrated
to form a parabola at this rate at the output of operational amplifier
30 U3 :
The parabola at the output of U3 is AC coupled by series
capacitor C14 to a further amplifier stage including transistor Q9.
The base of transistor Q9 is biased by resistors R29 and R30. The
vertical rate parabola is an output at the emitter of transistor Q9.
35 The emitter is coupled to horizontal pincushion correction circuit
106, where the vertical rate parabola is modulated by a horizontal
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'nay be adapted to produce reset pulses at an expected vertical frequency
based on a Zhis ShektHat Rech Repladddl 0 of 592:1, that is at a vertical 20

-f requency of B iy angi ng channel s, the vertical deflection ranp
charges | ongeﬂm i Ilﬁm until a vali#7sync signal fromt hRCAe8,979deo
signal is det ; the vertical period is effectively increased by

the I ower free running or countdown frequency. The effect of the extended
charging of the vertical ranp 25 is that the average val ue of the ranp

shape and SRED Sawlahtho otk iHaesiel RoauaRion, cousaon et W ti cal
sync will reteives a Mimmal davacothf sighal ofrbagchorizomtafl fssbtogtht age can
circuit 108. Horizontal sawtooth circuit 108 is responsive to
horizontal deflection circuit 106. The output of horizontal

5 pincushion correction circuit 110 is a summing circuit 102. Other
inputs to the summing circuit 102 are generated by the trapezoid
correction circuit 96 and the convergence correction circuit 98. The
output of summing circuit 102 is cobpled to amplifier U4 for driving
the auxiliary horizontal deflection yoke X1.

10 In each of the foregoing embodiments, the feedback capacitor
of an active integrator in a parabola generator is positively
discharged by switch means at a point in time defined by a timing
pulse, for example at the leading edge of a retrace pulse. In the
embodiment of FIGURE 5, the auxiliary reset function prevents

15 distortion of the horizontal correction parabola by vertical rate
phase and timing disturbances, for example those caused by
switched mode operation of a vertical deflection system. In the
embodiment of FIGURE 6, the auxiliary reset function prevents
distortion of the vertical correction parabola by vertical rate phase

20 and timing disturbances, for example those caused by switched mode
operation of a vertical deflection system, particularly at the time of
vertical retrace. However, there is a further advantage.in the
embodiment of FIGURE 6. -Normally, vertical retrace triggering is
derived from the received video signal. During a channel change,

25 when vertical sync is lost, a free running circuit in the vertical
deflection circuit will provide internal vertical synchronizing
pulses to prevent the raster from collapsing, although at a lower
frequency than the vertical rate. Inasmuch as the vertical ramp is
reset by the vertical retrace signal, the vertical ramp charges

30 longer during the transient period following a channel change
because the internal vertical period is longer, until a valid
synchronizing signal is detected for the new channel. The auxiliary
reset function prevents the longer charging of the vertical ramp
during channel change from effecting the steady state values of the

35 vertical rate parabolas generated after vertical sync is
reestablished, so as to prevent convergence bounce.
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require several vertical fields to return to a zero average val ue. 30
Durihg this time,” the pincushion correction circuits can deviate
-substantially fromtheir steady state levels. The resulting error, in a
projection tel evision, having superinpdsgd rasters and conp@®OA 859@8r ecti on
waveforns driving the auxiliary deflection coils, is referred to as
convergence bounce foll ow ng a channel change. The 35 problem can be
overconme according to anot her aspect of the invention by also resetting the

integrator at the vertical rate, for )
Generally, the time constants throughout the correction

circuits produce unacceptable performance if the horizontal and
vertical rate parabolas deviate from their respective steady state
levels. The auxiliary reset function in the integrator, responsive to

5 a timing signal according to aspects of the invention, enables the
steady state levels to be more closely maintained.
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6 exanple by the sanme vertical retrace pulsés used to rest the vertical
.rat€ ranp generator. This assures that the integrator wll begin each
“vgertical trace with no DC offset voltemge. It is an aspect oRGAe83.878ntion
to provi de parabol a generating 5 circuits which are not prone to
stransient and vertical rate errors. It is a further aspect of the invention
to i sol at e What és qdaiteediris: pi ncushi on distortion correction circuits from
the effects of |oading of the high voltage transformer during vertical
retrace, for exanple of the kind resulting fromsw tched npde operation of
the 10 verticall. dd Iparabela wavefarm. generator for correction of a

television raster, having: a resettable circuit (84) for generating
a repetitive ramp signal (62), and characterized by:

first resetting means (86) for initializing said ramp circuit
(84} at a frequency related to a scanning frequency;

a resettable integrator (70) for generating a repetitive
parabola signal (60) from said repetitive ramp signal (62); and,

auxiliary resetting means (80) for initializing said
integrator (70) to an input condition independent of each
preceding repetitive parabola prior to integrating each said
repetitive parabola. |

2. The waveform generator of claim 1, characterized in
that said scanning frequency is a horizontal scanning frequency
and said ramp and parabola signals (62,60) are initialized after
each horizontal scanning interval.

3. The waveform generator of claim 2, characterized in
that said first resetting means (86) and said auxiliary resetting
means (80) are responsive to horizontal retrace pulses.

4. The waveform generator of claim 1, characterized in
that said first resetting means (86) is responsive to horizontal
retrace pulses and said auxiliary resetting means (80) is
responsive to- differentiated horizontal retrace pulses.

5. The waveform generator of claim 2, further
characterized by means (84) for modulating said -horizontal rate
parabola signal at a vertical scanning frequency.

6. The waveform generator of claim 1, characterized in
that said scanning frequency is a vertical scanning frequency and
said ramp and said parabola signals {62,60) are initialized after
each vertical scanning interval.

i .y ==




"It is another aspect of the invention to permt pincushion correction

.Circuits to:recover froma loss of vertical sync in a mni rm&négiéga ﬁ/ithout
apparent effects on the accuracy of @&dnvergence correction RGA 18,283 nnel
changes and conparable 15 transient effects. In accordance with these and

-ot her aspects of the invention, a parabola generator for geongtric
correction of altell&@ Wayefoust @enewdapof selaim L, ebaracigrieediincuit for

gener ati nothaatr 8ARE IfirsY rekeffihg | meahsa(g6)R ank ¥alidba@xiliake Tedbting OF
generating_a rep?éét i ve 20 R‘far.abotl a si ?qnﬂe?l fromsaid réepetitive ranp
signal . ATEANS (BRL&AS; IRSRANSIYS +10f ¥PrYGAl FetiaCl QUSRS ranp circuit at a
frequency related to a
8. The waveform generator of claim 1, characterized in
that said first resetting means (86) is responsive to vertical
retrace pulses and said auxiliary resetting means (80) is

responsive to differentiated vertical retrace pulses.

9. The waveform generator of claim 6, further
characterized by means (110) for modulating said vertical rate
parabola signal at a horizontal scanning rate.

' 10. The waveform generator of claim 1, characterized in
that said integrator (70) comprises an operational amplifier
(U1;U3) and a feedback capacitor (C4;C12) for integrating said
repetitive ramp signal (62).

11. The waveform generator of claim 10, characterized in
that said auxiliary resetting means (80) comprises a transistor
switch (Q5;Q10) for discharging said capacitor (C4;C12).

- 12. The waveform generator of claim 1, characterized in
that said input condition is a zero offset DC voitage bias level for
said ramp signal (62).

13. A pincushion correction circuit for a television raster,
having means {84) for repetitively producing a ramp signal (62) at
a first scanning rate, an amplifier (72) having an input coupled to
said ramp signal (62) and having an output, and a capacitor (74)
coupled between said input and output of said amplifier (72) to
produce a repetitive parabola signal (60) at said output
responsive to said ramp signal (62), characterized by:

means (80) for discharging said capacitor (74) in time
coincidence with a control signal (64) at said first scanning rate
to set said amplifier (72} to an input condition independent of
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scanni ng frequency. An auxiliary resetting'circuit for initializes the
.intégrator prior-to integrating each repetitive ranp. The auxiliar
rgsetting circuit mnimzes tining erzors fromvariations oRGAegi‘?Xf% anp
signal due to transient conditions. In one enbodi nent, the scanning period
®i s a horizontal scanning period and the ranp and parabola circuits are
reset at the endinaan&a(eﬁ;ﬁtﬁ)i farmmodulatingi sajdi paraboda . sighal @i 8 case, the
first and hhhHa t AR A7l S A O0RGY t i zontal retrace
pul ses, fo?%ggg%?%aéﬁéﬁlé%tgi fnﬁ g@#‘i'ngdSeéé%rirﬁtﬁﬁe@%g?’@%g?gﬁf retrace pul ses.
A further @deftagtionp@incatibs the periodically reset parabolic signal at a
vertical scanning rate for driving an electron scanni ng beam defl ecti on

circuit, for ex I . . . . .

9" She pincushion correction circuit of claim 13,
characterized in that said first scanning rate is a horizontal
scanning rate and said second scanning rate is a vertical scanning
rate.

15. The pincushion correction circuit of claim 13,
characterized in that said control signal (64) is derived from
horizontal retrace pulses.

16. The pincushion correction circuit of claim 13, further
characterized by a differentiator (C9,R17; C13,R31) for producing
a narrow pulse substantially coincident with each leading edge of
said control signal for initiating said discharge of said capacitor
(74;C4;C12).

17. The pincushion correction circuit of claim 13,
characterized in that said first scanning rate is a vertical
scanning rate and said second scanning rate is a horizontal
scanning rate.

18. The pincushion correction circuit of claim 13,
characterized in that said control signal (64) is derived from
vertical retrace pulses.

19. The pincushion correction circuit of claim 13,
characterized in that said input condition is a zero offset DC
voltage bias level for said ramp signal (62).

-
o 0y
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one having an auxiliary deflection coil. In another enbodi nent, the
.scanning period is a vertical scanning period and the ramﬁm@@g'§59 par abol a
circuits are reset at the end of each vertical scanning interval. In this
case, the first and auxiliary resetting circuits are 7 responsive to

vertical retrace pulses. 'SSTART G bR QB epac of (he Verica
par abol i ¢ si gnalA farabnta iganerators femgieometscecotrection of a
television raster, comprises: a resettable circuit (84) for
generating a repetitive ramp signal (62) and a resettable
5 integrator (70) for generating a repetitive parabola signal (60)
from said repetitive ramp signal (62). A first resetting circuit
(86) initializes the ramp circuit (84) at a frequency related to a
scanning frequency. An auxiliary resetting circuit (80)
initializes the integrator (70) prior to integrating each repetitive
10 ramp. The auxiliary resetting circuit (80) minimizes timing
errors from variations of the ramp signal (62) due to transient
conditions. In one embodiment, the scanning period is a
horizontal scanning period and the ramp and parabola circuits
(84,70) are reset at the end of each horizontal scanning interval.
15 In this case, the first and auxiliary resetting circuits (86,80) are
responsive to horizontal retrace pulses, for example the leading
edges of the horizontal retrace pulses. A further circuit
modulates the periodically reset parabolic signal at a vertical
scanning rate. In another embodiment, the scanning period is a
20 vertical scanning period and the ramp and parabola circuits
(84,70) are reset at the end of each vertical scanning interval. In
this case, the first and auxiliary resetting circuits (86,80) are
responsive to vertical retrace pulses, for example the leading
edges of the vertical retrace pulses. A further circuit modulates
25 the periodically reset parabolic signal at a horizontal scanning
rate. The parabolic waveform (60) is also reset responsive to a
timing signal, rather than by allowing the minimum level of the
waveform to be defined only by uncontrolled operation of an
integrator. '
30

Reference Indicia Are From Fig. 4
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driving an el ectron scanni ng beam defl ection circuit, for exanple 5 one
.havi'ng an auxiliary deflection coil. Mre particularly, the parabola
circuit may conprise an integrator for integrating a repetitive ranp
S|gnal the integrator generating a waveformwhich is set to a zero val ue
@anplltude by operation of the auerﬁgﬁy'?esetting circuit. The integrator
may 10 conprise an operational anplifier and an integrating capacitor. The

auxiliary res é? ng circuit y conprise a trans;stor switch for 4g
dlscharglgg th paci tor. e integrator may b coupled to a high nyol tage
transfornek\ r d ection of a n1q§:+he—+ae+e+;7/xe
resetting cijrcuity correcting errjors coNpl ed
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15 through the transformer. Resetting the waveformresponsive to a timng
of the waveformto be defined

sighal- rather*than allowi ng the mninmuml evel
“is by the uncontrolled

oMy by operation of the integrator, that

di ssipation of the charge on the capacitor, inproves the accuracy of 20
pi ncushi on correction. FI GURE 1 is gzdragramillustrating a rectilinear
raster. FIGURE 2 is a diagramillustrating North-South pincushion

distortion of a raster. FIGURE 3 is a dlagran1lllustrat|ng East - West
pi ncushion| 25 distortion.
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FIGURE 4 is a block diagramof a circuit for generating a a parabolic
.cokrection signal according to an aspect of ‘the invention. FIGURE 5 is a
cprcuit schematic of a parabol a genqrgtgr_for devel oping a correction
signal for North-South pincushion 30 é rrection, according to an aspect of
“the invention. FIGURE 6 is a circuit schematic of a parabola generator for
devel oping a correction signal for East-Wst pincushion correction,
according to anot her aspect of the igvention. FIGURE 7 illustrates a

par abol a ¢ﬁ§ﬁ Wi t h non-1inear yep¥ical rate distortion, due to
accunul at ¢d sl The raster 40 in FIGRE 1 Fﬂan accurate and
correct
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35 video di $j)| ay formed froma plurality of straight horizontal scahd?
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PARABOLA GENERATORS WITH AUXILIARY RESET FUNCTION

This invention relates to the field of parabola generating
circuits for use in correcting distortion of raster displays in
televisions, and in particular, to parabolic waveform generators
which exhibit enhanced immunity to vertical rate disturbances as
may be caused by operation of certain kinds of vertical deflection
circuits and enhanced immunity to distortion during channel change.

A theoretically correct scanned raster display in a television
apparatus is exactly rectilinear, with all the horizontal lines of the
raster straight and parallel. In unidirectional raster scanning, of
course, the scan lines have a very slight downward inclination.
Several different kinds of distortion can resuit from either the
circuits producing the vertical or horizontal beam deflection
signals, or from the geometry of a projection television system.
Pincushion distortion is characterized by an inward bowing of the
raster. Pincushion distortion can be a problem in both direct view
and projection sets. Trapezoidal distortion is mainly a problem of
projection sets because all of the multiple projection tubes cannot
be aligned on the same projection axis. Convergence distortion is
characterized by a misregistration of corresponding points of the
respective rasters produced by the projection tubes of a projection
set.

One form of pincushion distortion is often referred to as
North-South pincushion distortion. The horizontal raster lines at
the top and bottom of the display are bowed inwardly toward the
center of the display by an amount which is greatest for lines at the
extreme top and bottom, and less approaching the vertical center.
Another form of pincushion distortion is referred to as East-West or
side pincushion distortion, and is characterized by the endpoints of
the horizontal raster lines varying in lateral position such that the
width of the horizontal raster lines is less at the vertical center of
the raster than at the top and bottom.

in a projection television apparatus, a color display can be
produced by projecting three separate rasters from monochrome
cathode ray tubes (CRTs) for the primary colors from different
locations, and overlaying the three rasters when projecting them
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distortion i direct view and projection sets are the North-South (or
t op- bott om_pi ncyshi on di Setﬁ éﬁ%\uﬂshom in FIGURE 2, and the East- West
(side) pi ncI&RiHHe e Oh S in FIGURE 3. Trapezoid and conver gence

distortion are not |IIustrat ed, but cangal so be expected 10 RgA 85,979
projection pgie: e&w}oggh South pi ncushi on distortion of raster 46, the
I ndi vi dual scan I Ot he—raster di splay bow i nwardly by an anount

whi ch is greatest at the top and bottom of the raster, and is |ess
approaching the vertical center. The vertical deflectlon of the 15
scanni ng edrict aowidveng seneepe aipouskidnhirapezaidoand gamedrgeinceshaped

correcti onygtdidn Fhudldd 'RIHEREY HdilRIUAR S tRhe2PasfRy bP each
projection tube. Pincushion correction is often not corrected by
modifying the main deflection signals driving the main horizontal

5 and vertical deflection yokes, as in many direct view sets, due to
undesirable spot degradation. Projection tubes can be provided with
auxiliary horizontal and vertical deflection yokes for correcting
geometrical distortions, such as pincushion and trapezoid, as well
as convergence. The correction signals for each kind of distortion

10 can be combined into composite correction signals for driving the
auxiliary yokes. Accordingly, disturbances in any one of the
correction signals can disturb correction of the other distortions as
well.

A North-South pincushion correction signal can be obtained by

15 integrating ramps at the horizontal rate to generate parabolas and
modulating the resulting parabolas at the vertical rate. This
correction signal is a maximum amplitude parabola for lines at the
top of the raster, no correction at the center of the raster, and a
maximum amplitude parabola of an opposite polarity at the bottom.

20 A side pincushion correction signal can be obtained by integrating
ramps at the vertical rate to generate parabolas and modulating the
parabolas at the horizontal rate. This correction signal is a parabola
of maximum amplitude at the vertical center of the raster, and
opposite polarities for the lateral sides of each scan line.

25 Horizontal and. vertical retrace, or flyback, puises can be use for
timing the horizontal and vertical rate signals, respectively, if the
pulse widths and frequencies (and consequently the respective
periods) of the retrace pulses are substantially constant. Variations
in the pulse widths and/or frequencies of the retrace pulses can

30 disturb the generation of accurate correction paraholas, particularly
those used in North-South pincushion correction.

The circuits for generating the horizontal and vertical rate
parabolas for correcting raster distortion can be coupled to the
same horizontal and vertical deflection circuits that produce the

35 deflection signals applied to the primary deflection yokes of the
respective CRTs of a projection television, for example through the
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correct this distortion. The parabol.ic correction signal is nodul ated by a

ranp at thé’hﬁﬁeéstiheaépiaﬁérﬁeﬁ%e{ hat the correction parabola has a maxi num
positive (upward) anplitude at the top line of the raster, 20 a zero

anplitude @t . the gg\tlﬁggl enter scan tgne (which is not di REAtegh7y, and a
maxi mum neg %ve ? 0 r%f% anplitude at the bottomscan line. In the
East - West pi ncushion distortion-of raster 48, the scan lines 42 at the top
and bottom of the raster are longer than those at 25 the vertical center,
produci ng an i nward bowing of the lines 44 at the sides of the raster,

cor r espondhig voltaige dratsformsr,ofin tdrder ekpesymnicheosizan thé nesrredtion

di storti ongicamndl\gon e PARC UBHeBYOR systems. The transformer can be a
source of horizontal and vertical retrace pulses. However, operation
of the vertical deflection circuit can cause certain problems in the

5 retrace signals due to loading of the deflection circuits.

Under ideal circumstances, the width of the horizontal retrace
pulses and the frequency (and consequently the period) of the
horizontal retrace pulses is constant. However, certain
disturbances, characterized as phase distortion or timing distortion,

1o or both, resulting from operation of the vertical deflection circuit
can alter the constancy of the width and frequency of the harizontal
retrace pulses. Timing disturbances at a vertical rate can be
coupled through the secondary windings of the integrated high
voltage transformer. The timing disturbances can modulate the

15 horizontal retrace pulses, by aitering puise width or frequency, or
both. The horizontal retrace pulses are used to reset the ramp
generating portion of the parabola generator at the horizontal rate.
The modulation is at the vertical rate and multiples thereof. In
many vertical deflection systems the phase or timing distortions

2¢ are small enough to be tolerable. Special compensation circuits are
not usually required.

Some vertical deflection systems, for example switched mode
vertical deflection systems, can produce significant phase
distortion in all the secondary windings of the integrated high

25 voltage transformer due to the switched mode of operation. The
phase distortion can be most pronounced during the last part of
vertical retrace, when the current through the switched elements,
for example an SCR for effecting switched vertical retrace, is at its
peak. The loading from this current modulates the horizontal

30 retrace pulses, causing variation of pulse width or variation of
frequency, or both, even from line to line. Changes in either pulse
width or frequency {and consequently period) are processed in a way
which causes variation of horizontal rate signals produced in signal
generators relying on horizontal retrace pulses for timing, for

35 example those in parabola generators. The ramp signal in a parabola
generator, for example, will not have a constant frequency, and the
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par abol i OL":f Sadhegeappl ied to nodify horizontal deflection of the
scanni ng? %a% %Gé&ﬁ?&;‘hcase however, the parabola is at the 30 vertical

rate and the nodulation is by a ranp at the horizontal rate. In a

proj ecti @zid el sm@nqquar atus, the drdtortion of the rast SRGAME5,91% t hree
primary color CRTs may be different due to differences in scanning

defl ection and differences in projection angles between the projection axes
and the axial center (the center 35 of curvature) of the projection

surface or screen. )
ramps will have different maximum amplitudes. Horizontal rate

ramp signals can be integrated to produce a horizontal rate parabola
for North-South pincushion correction, or used as a modulation
signal for side pincushion correction. Variations in the start time

5 of the ramps, the duration of the ramps and the maximum amplitude
of the ramps will have a detrimental effect on the parabolas or
modulate d signal envelopes. As a result of the variations in the
horizontal retrace pulses, the horizontal rate parabola signal and/or
modulation signal can vary in amplitude at the vertical rate.

10 Typically, the ramp signal developed in a parabola generator,
for example, is AC coupled to an integrator. The capacitor which

‘ effects the AC coupling must have a long enough time constant to

avoid distortion of the ramp signal prior to integration. The long
time constant will permit the vertical rate disturbance, for example

15 at 60 Hz and multiples thereof, to couple through the capacitor as
well. The peak-to-peak voltage will vary and the average voltage
will vary. Changes in the average voltage will be processed by the
integrator as a DC voltage offset, positive or negative depending on
the variation. Several vertical periods are necessary for the error

20 resulting from the change in average voltage to disappear, due to the
long time constant of the integrator. If a single variation is of
sufficient magnitude, the parabolas will have different amplitudes
for several vertical periods, until the average voltage returns to
zero. Lack of precision in convergence correction may be noticeable

25 Dbriefly,. but the problem is tolerable if not easily perceptible,
intermittent and self correcting. However, if the variations persist,
as can happen in a system having a switched mode vertical
deflection circuit, the errors of each successive horizontal line will
accumulate in the integrator. As a result, the parabola will become

30 progressively distorted, perhaps even reaching the point of causing
further distortion of the raster instead of correcting the raster. In
some cases, the amplitude envelope of the repetitive parabolas can
exhibit a nonlinear vertical rate distortion due to the accumulated
errors, as shown for example in FIGURE 7. The distortion can be

35 particularly acute during vertical retrace. The problem can be
overcome according to an aspect of the invention by also resetting
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correspondi ng points of th hQétee rasters as projected over one another do
not preci s¥hig i6 Ghan EPRIBCCF gnvergence error occurs. FIGURE 4 illustrates in
block forma circuit for producing a parabolic correction signal according
to an aspect of the inveation. 5 The s&®mooth shaped out putReA @sa7s62 of a
peri odi cal IB#Peget ﬁﬁ@ﬂ-‘@fbnerator 84 is AC coupled to an active integrator
70 via a series capacitor 76. The integrator 70 conprises an operational
anplifier 72 and a feedback capacitor 74, and produces the parabolic out put
60 as shown. 10 The ranp generator 84 can conprise a constant current
suppl y forthenamigigrgtar ahthei horizoptaldcatendoarexaropialibyy thergamel t age, and

horizontal retrace pulses used to reset the horizontal rate ramp
generator. This assures that no errors can accumulate in the
integrator, from one horizontal line to the next.

5 Another problem having a similar detrimental result on
correction waveforms can occur during a channel change, when the
vertical deflection circuit must lock to the synchronizing signals of
a new video signal. Locking onto a new video signal can not be
accomplished instantaneously, but requires a certain time interval.

10 The loss of vertical synchronizing pulses during channe! change will
consequently result in the loss of vertical reset pulses and vertical
retrace pulses. In order to prevent the raster from collapsing, most
vertical deflection circuits provide for a free running mode at a
slightly slower frequency than the vertical rate. This may be

15 accomplished by an analog oscillator or a digital vertical countdown
circuit. A vertical countdown circuit, for example in an NTSC
interlaced scanning television operating at a vertical rate of 60 Hz,
may be adapted to produce reset pulses at an expected vertical
frequency based on a 2fy to fy ratio of 592:1, that is at a vertical

20 trequency of 53 Hz. When changing channels, the vertical deflection
ramp charges longer than normal until a valid sync signal from the
new video signal is detected, because the vertical period is
effectively increased by the lower free running or countdown
frequency. The effect of the extended charging of the vertical ramp

25 is that the average value of the ramp signal AC coupled to the
integrator will increase considerably, so that the shape and size of
the parabolas generated after restoration of vertical sync will
reflect a substantial DC offset voltage. The offset voltage can
require several vertical fields to return to a zero average value.

3o During this time, the pincushion correction circuits can deviate
substantially from their steady state levels. The resulting error, in
a projection television, having superimposed rasters and composite
correction waveforms driving the auxiliary deflection coils, is,
referred to as convergence bounce following a channel change. The

35 problem can be overcome according to another aspect of the
invention by also resetting the integrator at the vertical rate, for
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first resetting nmeans 86, such as a transis‘iﬂﬂ
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begin each vertical trace with no DC offset voltage.

It is an aspect of the invention to provide parabola generating
circuits which are not prone to transient and vertical rate errors.

It is a further aspect of the invention to isolate convergence
and pincushion distortion correction circuits from the effects of
loading of the high voltage transformer during vertical retrace, for
example of the kind resulting from switched mode operation of the
vertical deflection circuit.

It is another aspect of the invention to permit pincushion
correction circuits to recover from a loss of vertical sync in a
minimum time, without apparent effects on the accuracy of
convergence correction due to channel changes and comparable
transient effects.

In accordance with these and other aspects of the invention, a
parabola generator for geometric correction of a television raster,
comprises: a resettable circuit for generating a repetitive ramp
signal and a resettable integrator for generating a repetitive
parabola signal from said repetitive ramp signal. A first resetting
circuit for initializes the ramp circuit at a frequency related to a
scanning frequency. An auxiliary resetting circuit for initializes the
integrator prior to integrating each repetitive ramp. The auxiliary
resetting circuit minimizes timing errors from variations of the
ramp signal due to transient conditions. In one embodiment, the
scanning period is a horizontal scanning period and the ramp and
parabola circuits are reset at the end of each horizontal scanning
interval. In this case, the first and auxiliary resetting circuits are
responsive to horizontal retrace pulses, for example the [eading
edges of the horizontal retrace pulses. A further circuit modulates
the periodically reset parabolic signal at a vertical scanning rate
for driving an electron scanning beam deflection circuit, for example
one having an auxiliary deflection coil. In another embodiment, the
scanning period is a vertical scanning period and the ramp and
parabola circuits are reset at the end of each vertical scanning
interval. In this case, the first and auxiliary resetting circuits are

I ntegration of the 15

ch occur in the ranp signal 62. These periodic or
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76, which has a long tinme constant to prevent distortion of the ranp
' signal . .F‘I].'&e timng errors change the average vol tage |evel at R&e8§’§79i nput

to the i §d$§ta)rep?’ébem'@?@gg%%tference in average voltage |evel 1's processed
by the integrator as a DC offset, which distorts the steady state shape of

the par ghg ;asZ 2l ndlG ¢jgof the long time constant of the integrator, the
average voltage error wll require several vertical periods to dissipate.

I'f the tinregpdnsiver baneertical tbtrarsy imdees andr reeehpld tee diriinyepdges
vol t age | e\é?l

di ssi pat e. ﬁir %&Tib?hé@iﬁ%ﬁ epaﬁrigég';c%lrﬁﬁ’lrﬁfe}g, g%ﬁ@ﬁiﬁ%‘?@@%é\%%ﬁt to?t I on
of the par geoladlicaléy oresieigpacaboliasyignsal ait shéorizoenal eranriegceagptacifoor 74
formng  griving an electron scanning beam deflection circuit, for example

5 one having an auxiliary deflection coil.

More particularly, the parabola circuit may comprise an
integrator for integrating a repetitive ramp signal, the integrator
generating a waveform which is set to a zero value amplitude by
operation of the auxiliary resetting circuit. The integrator may

10 comprise an operational amplifier and an integrating capacitor. The
auxiliary resetting circuit may comprise a transistor switch for
discharging the capacitor. The integrator may be coupled to a high
voltage transformer operable to power deflection of a beam of the
raster, the resetting circuit correcting errors in the raster coupled

15 through the transformer.

Resetting the waveform responsive to a timing signal rather
than allowing the minimum level of the waveform to be defined only
by operation of the integrator, that is by the uncontrolied
dissipation of the charge on the capacitor, improves the accuracy of

20 pincushion correction.

FIGURE 1 is a diagram illustrating a rectilinear raster.

FIGURE 2 is a diagram illustrating North-South pincushion
distortion of a raster.

FIGURE 3 is a diagram illustrating East-West pincushion

2s distortion.

FIGURE 4 is a block diagram of a circuit for generating a a
parabolic correction signal according to an aspect of the invention.

FIGURE 5 is a circuit schematic of a parabola generator for
developing a correction signal for North-South pincushion

30 correction, according to an aspect of the invention.

FIGURE 6 is a circuit schematic of a parabola generator for

developing a.correction signal for East-West pincushion correction,

according to another aspect of the invention. .
FIGURE 7 illustrates a parabola waveform with non-linear

vertical rate distortion, due to accumulated errors.
The raster 40 shown in FIGURE 1 is an accurate and correct
35 video display formed from a plurality of straight horizontal scan
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t he feedback path of the operational anplifier 72 of integrator 70 is 35

coupled to
operative
reset puls
error, and

Téiks BUKD! esetting neans 80, such as a transistor swtch,

to disché?gég?hgnkﬁﬁﬁtitor 74 during the 10 occurrence of

8 %g This periodic initializgdion prevents any acgomudsadigon of
8 ureg thgueagh parabola generated will start with a zero

average voltage level, that is, with no unintended DC offset. Such a

circuit in

10

15

20

25

30

35

accordance with aspects of

44 of the scan lines all reside along vertical lines at the lateral
sides of the raster display, perpendicular to the individual scan
lines 42. Distortion of the raster can be produced due to distortions
produced in the deflection circuits, in the curvature of the viewing
surface or in the geometry of a projection system. Two examples of
distortion in direct view and projection sets are the North-South (or
top-bottom) pincushion distortion shown in FIGURE 2, and the East-
West (side) pincushion distortion shown in FIGURE 3. Trapezoid and
convergence distortion are not illustrated, but can also be expected
in a projection set. '

In the North-South pincushion distortion of raster 46, the
individual scan lines 42 of the raster display bow inwardly by an
amount which is greatest at the top and bottom of the raster, and is
less approaching the vertical center. The vertical deflection of the
scanning electron beam can be adjusted by means of a parabolic
shaped correction signal at the frequency of horizontal scanning to
correct this distortion. The parabolic correction signal is modulated
by a ramp at the vertical rate such that the correction parabola has
a maximum positive (upward) amplitude at the top line of the raster,
a zero amplitude at the vertical center scan line {which is not
distorted ), and a maximum negative (downward) amplitude at the
bottom scan line.

In the East-West pincushion distortion of raster 48, the scan
lines 42 at the top and bottom of the raster are longer than those at
the vertical center, producing an inward bowing of the lines 44 at
the sides of the raster, corresponding to the endpoints of the
respective scan lines. This distortion can also be corrected by a
parabolic correction signal, applied to modify horizontal deflection
of the scanning beam. In this case, however, the parabola is at the
vertical rate and the modulation is by a ramp at the horizontal rate.

In a projection television apparatus, the distortion of the
rasters of the three primary color CRTs may be different due to
differences in scanning deflection and differences in projectian
angles between the projection axes and the axial center (the center
of curvature) of the projection surface or screen. When
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5 the invention is substantially insensiti‘iTsﬁﬁHﬁE

signal _62., Different far f periodic and/o ﬂi BB
affectT?'ﬁésgé%é‘?p&??Wrgfsgﬁg ranp signal and II &

Certain disturbances, for exanple, charag@erized as phase di sSRgats®grgl0 or
ti m ngpdiest or&fomugoggé)ot h, resulting fromoperation of the verti cal
deflection circuit c alter the constancy of the wdth and frequency of
the horizontal retrace pul ses. Timng disturbances at a vertical rate and
nmul ti pl es thereof can be coupl ed through the secondary wi ndi ngs of the

i nt egr at ed dorgbspohdiage poirtss bdrther threee rasters nas (prdijettedbanersomean
modul ate t he, QR 298t A0t HrLERER RIiR&Re, W convergence error occurs.
FIGURE 4 illustrates in block form a circuit for producing a
parabolic correction signal according to an aspect of the invention.

s The sawtooth shaped output signal 62 of a periodically reset ramp
generator 84 is AC coupled to an active integrator 70 via a series
capacitor 76. The integrator 70 comprises an operational amplifier
72 and a feedback capacitor 74, and produces the parabolic output 60
as shown.

10 The ramp generator 84 can comprise a constant current supply
for charging a capacitor, producing an ascending ramp voltage, and
first resetting means 86, such as a transistor switch, for quickly
discharging the capacitor to cause the voltage to drop off at the
conclusion of the vertical or horizontal interval. Integration of the

15 AC coupled ramp signal produces a repetitive parabola signal, useful
for correction of pincushion distortion. However, the parabola
signal produced by the integrator 70 is subject to variation due to
periodic and/or transient variations which occur in the ramp signal
62. These periodic or transient variations can result, for example,

20 from vertical rate disturbances coupled from the vertical deflection
system and from loss of vertical sync during channel change. In
either case, the timing disturbances are coupled through capacitor
76, which has a long time constant to prevent distortion of the ramp
signal. The timing errors change the average voltage level at the

25 input to the integrator 70. The difference in average voitage level is
processed by the integrator as a DC offset, which distorts the
steady state shape of the parabolas. In view of the long time
constant of the integrator, the average voitage error will require
several vertical periods to dissipate. |f the timing disturbance is

30 periodic and repetitive, the average voltage level error in the
integrator will not have an opportunity to dissipate. Instead, the
error will accumulate, increasing the distortion of the parabola.
According to an aspect of the invention, the capacitor 74 forming
the feedback path of the operational amplifier 72 of integrator 70 is

35 coupled to an auxiliary resetting means 80, such as a transistor
switch, operative to discharge the capacitor 74 during the




node vertical defl , can prpguce 20 significantppRageers
distortion,in al] the secondary w ndings of the integrated high voltage
transforng¥“ﬁhe o tHe St ched node of operation. The phase distortion can
be nost pronounced during the |last part of vertical retrace, when the
current through the switched el enents, for exanple an SCR for effecting

swi t ched vededuwaken2d oétressd, putseatb4.t Shpeaheriddie mtdlingtiom oprévergscurrent
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will start with a zero average voltage level, that is, with no
unintended DC offset. Such a circuit in accordance with aspects of

s the invention is substantially insensitive to variations in the ramp
sighal 62.

Different forms of periodic and/or transient variations can
affect the generation of the ramp signal and therefore the parabola.
Certain disturbances, for example, characterized as phase distortion

10 or timing distortion, or both, resulting from operation of the
vertical deflection circuit can alter the constancy of the width and
frequency of the horizontal retrace pulses. Timing disturbances at a
vertical rate and multiples thereof can be coupled through the
secondary windings of the integrated high voltage transformer. The

15 timing disturbances can modulate the horizontal retrace pulses, by
altering pulse width or frequency, or both. The horizontal retrace
pulses are used to reset the ramp generating portion of the parabola
generator at the harizontal rate. Some vertical deflection systems,
for example switched mode vertical deflection systems, can produce

20 significant phase distortion in all the secondary windings of the
integrated high voltage transformer due to the switched mode of
operation. The phase distortion can be most pronounced during the
last part of vertical retrace, when the current through the switched
elements, for example an SCR for effecting switched vertical

25 retrace, is at its peak. The loading from this current modulates the
horizontal retrace pulses, causing variation of pulse width or
variation of frequency, or both, even from line to line. As a result,
the ramp signal in a parabola generator, for example, will not have a
constant frequency, and the ramps will have different maximum

30 amplitudes. Horizontal rate ramp signals can be integrated to
produce a horizontal rate parabola for North-South pincushion
correction, or used as a modulation signal for side pincushion
correction. Variations in the start time of the ramps, the duration
of the ramps and the maximum amplitude of the ramps will have a

35 detrimental effect on the parabolas or modulate d signal envelopes.
As a result of the variations in the horizontal retrace puises, the

altering pulse width or frequency, or both. ' laced | ace pul ses

are used to reset the ranp generating portion ﬂlea gener at or at
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variation of frequency, or both, even from As aresult, the
ranp si gmdd ig mearep@@gmhpswerator f or emeél t have a const ant
frequency, and the ranps will have differen anpl i t udes.

Hor i zonb go %U@&%(gnal s can be intédrated to produce a ROA 88ATal rate
par abol t pi ncushi on correction, or used as a nodul ation

signal for side pincushion correction. Variations In the start tine of the
ranps, the duration of the ranps and the maxi mum anplitude of the ranps

wi || have 35 detrinmental effect o t he araﬁgl as, or podul ate d signal
envel opes. "aEZantalsiate parabrlay §igna |6H§/ T meguiabion; §iInal Fan: ¥ew nﬁl ses,
t he amplitude at the vertical rate.

Another problem having a similar detrimental result on
correction waveforms can occur during a channel change, when the

5 vertical deflection circuit must lock to the synchronizing signals of
a new video signal. Locking onto a new video signal can not be
accomplished instantaneously, but requires a certain time interval.
The loss of vertical synchronizing pulses during channel change will
consequently resuit in the loss of vertical reset pulses and veriical

10 retrace puises. In order to prevent the raster from collapsing, most
vertical deflection circuits provide for a free running mode at a
slightly slower frequency than the vertical rate. When changing
channels, the vertical deflection ramp charges longer than normal
untit a valid sync signal from the new video signal is detected,

15 because the vertical period is effectively increased by the lower
free running frequency. The effect of the extended charging of the
vertical ramp is that the average value of the ramp signal AC
coupled to the integrator will increase considerably, so that the
shape and size of the parabolas generated after restoration of

20 vertical sync will reflect a substantial DC offset voltage. The
offset voltage can require several vertical fields to return to a zero
average value. During this time, the pincushion correction circuits
can deviate substantially from their steady state levels. The
resulting error, in a projection television having superimposed

25 rasters and composite correction waveforms driving the auxiliary
deflection coils, is referred to as convergence bounce following a
channel change. The problem can be overcome according to another
aspect of the invention by also resetting the integrator at the
vertical rate, for example by the same vertical retrace pulses used

30 to reset the vertical rate ramp generator. This assures that the
integrator will be initialized after each vertical trace so as to begin
each successive vertical trace with no DC offset voltage.

In each of the foregoing examples, the integrator of a parabola
generator, as well as the ramp circuit, are reset by the reset pulse.
3s The auxiliary reset function of the parabola signal dependably
initializes, that is zeroes, the integrator before the beginning of
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each repetitive parabola. This eliminates undesirable periodic

variation of the parabola signal from timing disturbances

originating in vertical deflection systems and prevents distortion of

the parabolas following restoration of vertical sync, for example

5 after channel change. In prior art systems, each repetitive parabola
begins from whatever residual DC offset is processed by the
integrator, as a result of a distorted ramp signal. Such circuits are
subject to considerable distortion, particularly during channel
change when vertical sync is temporarily lost and particularly when

10 used in conjunction with noisy vertical deflection systems, such as
those operating in a switched mode. According to an aspect of the
invention, each repetitive parabola is always initialized from a
predefined level, for example a zero DC offset, due to an auxiliary
reset function responsive to a timing signal.

15 FIGURE 5 illustrates a circuit schematic for implementing a
correction circuit for North-South pincushion distortion, according
to an aspect of the invention. The circuit comprises a ramp
generator having a current source in the form of PNP transistor Q1,
whose collector is coupled to integrating capacitor C2. Current

20 source transistor Q1 charges capacitor C2 to form the ramp or
sawtooth signal at the horizontal scanning rate. The emitter of Q2
is coupled to the positive supply through resistor R3. The level at
the base of Q1 is fixed by a voltage divider comprising resistors R1
and R2. A capacitor C1 decouples the voltage divider junction (and

25 the base of Q2) relative to the positive supply. Subject to feedback
to the emitter of Q1 via R16 and C8 as discussed hereinafter, the
current supplied by current source Q1 is substantially constant,
whereby integrating capacitor C2 charges constantly to obtain a
ramp.

30 Integrating capacitor C2 is discharged by switching transistor
Q2 during the horizontal retrace. Resistors R4 and R5 couple the
base of transistor Q2 to a reset signal from the horizontal
deflection circuit 106, for example to the secondary winding of the
IHVT that produces retrace pulses. Diode D1 clamps the base of Q2

35 with respect to ground. During a retrace pulse, capacitor G2 is
discharged and upon completion of the retrace pulse C2 begins to
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The sawtooth is coupled to a follower amplifier stage formed

by PNP transistor Q3, whose emitter is coupled to the positive

5 supply through resistor R6, and reproduces the sawtooth. The
sawtooth is AC coupled through series capacitor C3 and resistor R7
to an active integrator. The integrator comprises operational
amplifier U1, to which the ramp signal is coupled at the inverting
input. Feedback capacitor C4 is coupled between the output of the

10 operational amplifier and the inverting input. Resistors RS and R10
are coupled to the positive and negative 12V power supplies,
respectively. By integrating the AC coupled horizontal rate ramp
signal, a parabola 60 at the horizontal rate is obtained at the output
of operational amplifier U1. A vertical deflection circuit 90

15 provides an output to a vertical sawtooth circuit 92, which in turn
generates a vertical sawtooth signal as an input for a North-South
pincushion correction circuit 4. The vertical deflection circuit can
be a switched mode vertical deflection circuit. Switched mode
vertical deflection circuits are known in the art and need not be

20 described herein in detail. Mention can be made that switched mode
vertical deflection circuits comprise active switching elements, for
example SCRs. The switching elements can conduct large scanning
currents, particularly near and during vertical retrace. The
switching elements can be a source of considerable noise, at

25 vertical scanning rates and multiples thereof, which can easily
couple to other circuits, for example through the high voltage or
flyback transformer. The North-South pincushion correction circuit
modulates the parabola by the vertical sawtooth signal, at the
vertical rate, in a known marnner. The modulated signal is coupled to

30 a summing circuit 100. Other lnputs ta summing circuit 100 are
generated by trapezoid corréctioh circtif 96 and convergence
correction circuit 98. A compuosite correction signal is coupled to
output amplifier U2, for driving the auxiliary vertical deflection
yoke Y1.

35 The repetitive parabola signal developed at the output of

operational amplifier U1 can be somewhat advanced in phase
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might be necessary to insert a phase delay, for example after the
output of the operational amplifier, to compensate for the phase
5 difference. Instead, resistor R8 adds a DC bias to the ramp signal,
which raises the ramp signal level relative to a zero voltage level
baseline. This has the effect of shifting the center of the parabola,
as though the parabola had been delayed in time. The DC bias does
alter the shape of the parabola to a small extent, but not enough to
10 disturb the convergence correction.

According to the invention, switching means are provided to
discharge the feedback capacitor C4. Discharging C4 turns the
integrator configuration of the operational amplifier into that of a
follower amplifier, setting the output to the level at the

15 noninverting input, which is grounded. Accordingly, the parabola is
initialized to zero amplitude as of a point in time defined by the
retrace pulse rather than reaching its minimum as a function of the
integration of the ramp and the time constant constrained discharge
of the capacitor. This removes any error which may accumulate due

20 to the fact that the ramp generation is coupled at least indirectly to
the switched vertical deflection circuit through the integrated high
voltage transformer (IHVT), and may be modulated thereby at the
vertical rate.

The switching means for discharging capacitor C4 includes

25 switching transistor Q5, coupled in parallel with capacitor C4 and in
series with resistor R18 at its emitter. The base of transistor Q5 is
coupled to the retrace pulses from horizontal deflection circuit 106
through a differentiator formed by capacitor C9 and resistor R17.
Differentiating the pulses produces a high going pulse at the leading

36 edge and a low going pulse at the trailing edge of the retrace pulse.
The low-going pulse is cancelled by diode D2, clamping the base of
transistor Q5 relative to ground. The differentiator produces a very
narrow pulse, whereby capacitor C4 is quickly discharged coincident
with the leading edge of the retrace pulse. Resistor R32 is series

35 coupled in the retrace signal path to capacitor C9, and provides
protection against arcing of the kinescope (not shown).
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function of the par abol & signal dependably initializes, that is zeroes, the
I ntegrator before the beginning of each repetitive parabola. This

el i m nat es undesirabl e periodic variation of the parabola signal from

ti mng disturbances
According to the embodiment of FIGURE 5, the parabola

obtained at the output of operational amplifier U1 is fed back to the
current supply transistor Q1 to modulate the otherwise constant
current supply and give the ramp at integrating capacitor C2 the

5 modified shape shown in FIGURE 5. The parabola is AC coupled via
capacitor C6 and series resistor R11 to an inverting amplifier stage
including transistor Q4. The base of transistor Q4 is biased by
resistors R12 and R13. Resistors R14 and R15 set the gain for
transistor Q4. The inverted signal is AC coupled via series resistor

1o R16 and capacitor C8 to the collector of current supply transistor
Q1. The added current to Q1 during the times in the cycle when the
parabolic output signal at the output of U1 is at is minimum causes
the charging rate of capacitor C2 to be greater at the beginning and
end of the ramp. The result is a modified parabola shape wherein the

15 slope of the parabola is greater at the lateral sides, which reduces
residual gullwing distortion in the raster. This aspect of the circuit
is explained in more detail in commonly owned, copending
application serial no. (RCA 85,835) entitled Pincushion Correction
Circuit With Gullwing Compensation, by E. Rodriguez-Cavazos, et al.

20 The circuit schematic shown in FIGURE 6 is arranged for
correction of East-West pincushion distortion rather than North-
South. Accordingly, a sawtooth is produced at the vertical rate and
is integrated to form a parabola which is modulated at the
horizontal rate, correcting lateral distortion as shown in FIGURE 3.

25 Circuits for correction of both forms of distortion are preferably
included in the television apparatus. In FIGURE 6, PNP current supply
transistor Q6 supplies a constant current to charge integrating
capacitor C10. As in the foregoing embodiment, a voltage divider
including R19 and R20 sets the level at the base of Q6, which is

30 decoupled relative to the positive supply by capacitor C9.
Transistor Q6 maintains a constant current through R21, coupled to
the positive supply, thereby producing a ramp at integrating
capacitor C10. Capacitor C10 is discharged at the vertical rate by a
switching means coupled to vertical retrace triggering means in

35 vertical deflection circuit 90. In the represented embodiment, the
switching means includes transistor Q7, coupled to the integrating
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resistors R22 and R23, respectively, which set the appropriate level.
The ramp at the vertical rate obtained at integrating capacitor

5 C10 is coupled to a follower amplifier comprising PNP transistor
Q8, whose emitter is coupled to the positive supply through resistor
R24 and whose collector is grounded.. Inasmuch as the ramp at C10
in this embodiment is finear, rather than modified as in FIGURE 5,
the vertical sawtooth signal at the emitter of transistor Q8 can be

16 used in other circuits. For this purpose, the emitter of Q8 is coupled
to an NPN transistor Q11 via series capacitor C15. The base of
transistor Q11 is biased by resistors R33 and R34.

The emitter of Q8 of the follower amplifier stage is AC
coupled through series capacitor C11 and resistor R25 to the

15 inverting input of operational amplifier U3. A feedback path
including capacitor C12 couples the operational amplifier inverting
input and output, to form an active integrator. Leakage resistor R26
is coupled in parallel to C12, as is switching transistor Q10.
Transistor Q10 discharges capacitor C12 at the beginning of a

20 vertical retrace pulse. Inasmuch as the noninverting input to
operational amplifier U3 is set at a fixed positive voltage by a
voltage divider including resistors R27 and R28, the output of U3 is
set to this voltage when transistor Q10 discharges capacitor C12.
The vertical retrace pulses are differentiated by capacitor C13 and

25 resistor- R31, forming a narrow pulse at the beginning of the vertical
retrace pulse. The differentiated output is clamped relative to
ground by diode D3. As C10 is periodically charged and reset at the
vertical rate, the ramp or sawtooth thereby produced is integrated
to form a parabola at this rate at the output of operational amplifier

30 U3.

The parabola at the output of U3 is AC coupled by series
capacitor C14 to a further amplifier stage including transistor Q9.
The base of transistor Q9 is biased by resistors R29 and R30. The
vertical rate parabola is an output at the emitter of transistor Q8.

35 The emitter is coupled to horizontal pincushion correction circuit
106, where the vertical rate parabola is modulated by a horizontal
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reset function responsive to a timng si gﬁhlﬁme as Do 'epacIeGURE 5 illustrates
a circuif .schematic for |nplementing a cora “ “l;ﬂurlmﬁt for North-South
pi ncushi%ﬁsfﬂg’laorﬁpfa&ﬁf“egtﬁ ing to an asp ntion. The circuit

conprises a ramp.generator having a cur_r@nt source in the forFiE/?stp
or'

transi stiggeQl, ogé;collector is couple to int egrating capaci

Current 20 source transistor QL charges capacitor C2 to formthe ranp or
sawm oot h signal at the horizontal scanning rate. The emtter of @ is
coupled to the positive supply through resistor R3. The |evel at the base

of QL is firsed §‘dw€bd’tﬁ'.taﬂﬁedhﬁhﬁéhté_iopﬁfdlﬁmr@éﬂrébﬁéﬁ Btcand1Rd. A

capacitor %cg?vce%u% eﬁorttggnt\é lst;g\%?oo h’ s(ilgergalJ ?rnocr%' Rgriggggal sawtooth
circuit 108. Horizontal sawtooth circuit 108 is responsive to
horizontal deflection circuit 106. The output of horizontal

5 pincushion correction circuit 110 is a summing circuit 102. Other
inputs to the summing circuit 102 are generated by the trapezoid
correction circuit 96 and the convergence correction circuit 98. The
output of summing circuit 102 is coupled to amplifier U4 for driving
the auxiliary horizontal deflection yoke Xi.

10 In each of the foregoing embodiments, the feedback capacitor
of an active integrator in a parabola generator is positively
discharged by switch means at a point in time defined by a timing
pulse, for example at the leading edge of a retrace pulse. In the
embodiment of FIGURE 5, the auxiliary reset function prevents

15 distortion of the horizontal correction parabola by vertical rate
phase and timing disturbances, for example those caused by
switched mode operation of a vertical deflection system. In the
embodiment of FIGURE 6, the auxiliary reset function prevents
distortion of the vertical correction parabola by vertical rate phase

20 and timing disturbances, for example those caused by switched mode
operation of a vertical deflection system, particularly at the time of
vertical retrace. However, there is a further advantage.in the
embodiment of FIGURE 6. Normally, vertical retrace triggering is
derived from the received video signal. During a channel change,

25 when vertical sync is lost, a free running circuit in the vertical
deflection circuit will provide internal vertical synchronizing
pulses to prevent the raster from collapsing, although at a lower
frequency than the vertical rate. Inasmuch as the vertical ramp is
reset by the vertical retrace signal, the vertical ramp charges

3o longer during the transient period following a channel change
because the internal vertical period is longer, until a valid
synchronizing signal is detected for the new channel. The auxiliary
reset function prevents the longer charging of the vertical ramp
during channel change from effecting the steady state values of the

35 vertical rate parabolas generated after vertical sync is
reestablished, so as to prevent convergence bounce.




25 the base of @) relative to the positive supply. Subject to feedback to
t he emtter of QL via R16 and C8 as discussed hereinafter, the current
suppl i ed Thig 845 éent source QL is substantially constant, whereby

i nt'egrating capaé @%n@;; es constantly to obtain a ramp._30
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pul se, capacitor
circuits produce unacceptable performance if the horizontal and

vertical rate parabolas deviate from their respective steady state
levels. The auxiliary reset function in the integrator, responsive to

5 a timing signal according to aspects of the invention, enables the
steady state levels to be more closely maintained.
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1. A parabola waveform generator for correction of a
television raster, having: a resettable circuit (84) for generating
a repetitive ramp signal (62), and characterized by:

first resetting means (86) for initializing said ramp circuit
(84) at a frequency related to a scanning frequency;

a resettable integrator (70) for generating a repetitive
parabola signal (60) from said repetitive ramp signal (62); and,

auxiliary resetting means (80) for initializing said
integrator (70) to an input condition independent of each
preceding repetitive parabola prior to integrating each said
repetitive parabola. |

2. The waveform generator of claim 1, characterized in
that said scanning frequency is a horizontal scanning frequency
and said ramp and parabola signals (62,60) are initialized after
each horizontal scanning interval.

3. The waveform generator of claim 2, characterized in
that said first resetting means (86) and said auxiliary resetting
means (80) are responsive to horizontal retrace pulses.

4, The waveform generator of claim 1, characterized in
that said first resetting means (86) is responsive to horizontal
retrace pulses and said auxiliary resetting means (80) is
responsive to- differentiated horizontal retrace pulses.

5. The waveform generator of claim 2, further
characterized by means (94) for modulating said -horizontal rate
parabola signal at a vertical scanning frequency.

6. The waveform generator of claim 1, characterized in
that said scanning frequency is a vertical scanning frequency and
said ramp and said parabola signals (62,60) are initialized after
each vertical scanning interval.
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anpl i fi Jrhssljf,*hﬁdemﬁﬁﬁmenhMrrp signal is coupled at the inverting input.
Feedback capacitor C4 is coupl ed between the output of the 10 operational

anmpl i fi gyppgend gthe pj ing input. Respstors RO and R10 are gpggl %,§@9t he
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AC coupl ed horizontal rate ranp signal, a parabola 60 at the horizont a:
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circuit can be a switched node vertical deflection circuit. Swtched node
8. The waveform generator of claim 1, characterized in
that said first resetting means (86) is responsive to vertical
retrace pulses and said auxiliary resetting means (80) is

responsive to differentiated vertical retrace pulses.

9. The waveform generator of claim 6, further
characterized by means (110) for modulating said vertical rate
parabola signal at a horizontal scanning rate.

10. The waveform generator of claim 1, characterized in
that said integrator (70) comprises an operational amplifier
(U1;U3) and a feedback capacitor (C4;C12) for integrating said
repetitive ramp signal (62).

11. The waveform generator of claim 10, characterized in
that said auxiliary resetting means (80) comprises a transistor
switch (Q5;Q10) for discharging said capacitor (C4;C12).

12, The waveform generator of claim 1, characterized in
that said input condition is a zero offset DC voltage bias level for
said ramp signal (62).

18. A pincushion correction circuit for a television raster,
having means (84) for repetitively producing a ramp signal (62) at
a first scanning rate, an amplifier (72) having an input coupled to
said ramp signal (62) and having an output, and a capacitor (74)
coupled between said input and output of said amplifier (72) to
produce a repetitive parabola signal {60) at said output
responsive to said ramp signal (62), characterized by:

means (80) for discharging said capacitor (74) in time
coincidence with a control signal (64) at said first scanning rate
to set said amplifier (72) to an input condition independent of
each preceding repetitive parabola; and,
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ve'rtical deflection circuits are known in the art and need not be 20.
descri bed herein in detail. Mention can be made that swi tched npde verti cal

defl ection circuits conprise active switching el enents, for e&eggplgl %5
The switching el enents can conduct | ar & scanni ng currents, particularly

near and during vertical retrace. The switching el enents can be a source of
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vertical rate, 1 n a known rmanner. The nodul ated signal is coupled to

14. The pincushion correction circuit of claim 13,
characterized in that said first scanning rate is a horizontal
scanning rate and said second scanning rate is a vertical scanning
rate.

15. The pincushion correction circuit of claim 13,
characterized in that said control signal (64) is derived from
horizontal retrace pulses. '

16. The pincushion correction circuit of claim 13, further
characterized by a differentiator (C9,R17; C13,R31) for producing
a narrow pulse substantially coincident with each leading edge of
said control signal for initiating said discharge of said capacitor
(74;C4;C12).

17. The pincushion correction circuit of claim 13,
characterized in that said first scanning rate is a vertical
scanning rate and said second scanning rate is a horizontal
scanning rate. '

18. The pincushion correction circuit of claim 13,
characterized in that said control signal (64) is derived from
vertical retrace pulses.

19. The pincushion correction circuit of claim 13,
characterized in that said input condition is a zero offset DC
voltage bias level for said ramp signal (62).
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30 a summing circuit 100. O her inputs to sunmng circuit 100 are

generated by trapezoid correction circuit 96 and convergence correction
CIrCUIt 98. A conposite correction signal is coupled to olRpht8andidfier
U2," for driving the auxiliary vertical deflection yoke Y1: 35 The

repetitive parabol a signal devel oped at the output of operational anplifier
Ul can be sonewhat advancedABSTBW@s'léOFTHE DISCLOSURE

A parabola generator for geometric correction of a
television raster, comprises: a resettable circuit (84) for
generating a repetitive ramp signal (62) and a resettable

5 integrator (70) for generating a repetitive parabola signal (60)
from said repetitive ramp signal (62). A first resetting circuit
(86) initializes the ramp circuit (84) at a frequency related to a
scanning frequency. An auxiliary resetting circuit {80)
initializes the integrator (70) prior to integrating each repestitive

10 ramp. The auxiliary resetting circuit (80) minimizes timing
errors from variations of the ramp signal (62) due to transient
conditions. In one embodiment, the scanning period is a
horizontal scanning period and the ramp and parabola circuits
(84,70) are reset at the end of each horizontal scanning interval.

15 In this case, the first and auxiliary resetting circuits (86,80) are
responsive to horizontal retrace pulses, for example the leading
edges of the horizontal retrace pulses. A further circuit
modulates the periodically reset parabolic signal at a vertical
scanning rate. In another embodiment, the scanning period is a

20 vertical scanning period and the ramp and parabola circuits
(84,70) are reset at the end of each vertical scanning interval. In
this case, the first and auxiliary resetting circuits (86,80) are
responsive to vertical retrace pulses, for example the leading
edges of the vertical retrace pulses. A further circuit modulates

25 the periodically reset parabolic signal at a horizontal scanning
rate. The parabolic waveform (60) is also reset responsive to a
timing signal, rather than by allowing the minimum level of the
waveform to be defined only by uncontrolled operation of an
integrator.

30

Reference Indicia Are From Fig. 4
This is the replacement sheet

pate: £ 2 AUG 1595 ) e




pe iR T T RS RS

rel ati ve.d @ @eng

the television ¢

to insert a ph
anpl i filkte: to
adds a DC bi a
relative to a

BhbMBndhdepe raster, due to signa

F processi ng el sewhere in
rculrtry. Under these ci rcunst ances,

It mght be necessary

ase delay, for exanple after the - output of the operational
gneﬁgs?bé for the phase 5 difference. Instead, resistor R8
t o ARelde@np signal , -wh¥8h-rai ses the ranp 5|gnal | eve

zero vol tage | evel basellne This has the effect of shifting

the center of par abol a, 85 t hough t he parabou had been del ayed g
time. The does aIteA t he shape of the papabola to a small extent,
but not e distifb th | |
I nventi on, MAtC |ng nmeans pre p
44
42K
™\
44
FiG. 1 FiGg. 2 FiG. 3
62
84
\] RAMP
GENERATOR
% LAl

+V

64
RESET /
Ln

VERTICAL

Fwe

|

+—— HORIZONTAL RATE PARABOLAS —

/\

et Has Been Replaced

Hll\l\HllIl\ D
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vertical rate. The switchi ng means for discharging capacitor C4 includes 25
swtching transistor b, coupled in parallel with i Qb tl pnt
series with resistor R18 at its emtter,,The base gﬁgﬁgéngias% Q@ is
coupled to the retrace pul ses from hori é%nt al deflection cjrcuit 106
through a differentiator formed by capacitor C9 an®atssi stéor LS. (335
Differentiating the pul ses produces a high going pulse at the | eading 30

edge and a | ow going pulse at the tra}l i ng edge of the retrace pul se. The
| ow goi ng Ssa;bs cancel | ed by di ogzg, cl anpi ng the base of transistor
@ relati (e nd. ZIh | [ 1 [ S \iqy narr ow pul se,
wher eby ca tor €4 is}quickly discharged coincident
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V\nt(p the | eadi ng edge of the retrace pulse. Resistor R32 is series 35

coupled in the retrace signal path to capacitor C9, and provi
agai nst arcing of the kinescope (not shown). 15 According
enbodi mrent of FIGURE 5, the parabol a obtai ped at the output
anplifier Ul is fed back to the current supply transistor QLit

the ot herwi se constant current supply and give the ranp at |
capacitor C2 the
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PARABOLA GENERATORS WITH AUXILIARY RESET FUNCTION

This invention relates to the field of parabola generating
circuits for use in correcting distortion of raster displays in
televisions, and in particular, to parabolic waveform generators
which exhibit enhanced immunity to vertical rate disturbances as
may be caused by operation of certain kinds of vertical deflection
circuits and enhanced immunity to distortion during channel change.

A theoretically correct scanned raster display in a television
apparatus is exactly rectilinear, with all the horizontal lines of the
raster straight and parallel. In unidirectional raster scanning, of
course, the scan lines have a very slight downward inclination.
Several different kinds of distortion can result from either the
circuits producing the vertical or horizontal beam deflection
signals, or from the geometry of a projection television system.
Pincushion distortion is characterized by an inward bowing of the
raster. Pincushion distortion can be a problem in both direct view
and projection sets. Trapezoidal distortion is mainly a problem of
projection sets because all of the multiple projection tubes cannot
be aligned on the same projection axis. Convergence distortion is
characterized by a misregistration of corresponding points of the
respective rasters prodﬁped by the projection tubes of a projection
set. '

One form of pincushion distortion is often referred to as
North-South pincushion distortion. The horizontal raster lines at
the top and bottom of the display are bowed inwardly toward the
center of the display by an amount which is greatest for lines at the
extreme top and bottom, and less approaching the vertical center.
Another form of pincushion distortion is referred to as East-West or
side pincushion distortion, and is characterized by the endpoints of
the horizontal raster lines varying in lateral position such ‘that the
width of the horizontal raster lines is less at the vertical center of
the raster than at the top and bottom.

n a projection television apparatus, a color display can be
produced by projecting three separate rasters from monochrome
cathode ray tubes (CRTs) for the primary colors from different
locations, and overlaying the three rasters when projecting them



5 nodified shape shown in FIGURE 5. The parabola is AC coupled via

gapacitor C6 and series resistor RL1 to an inverting anplifi TGS eron s CUR
i ncluding transistor 4. The base of transistor 4 is biased '*@f‘@s‘?’ﬂum
R12 and R13. Resistors R14 and R15 set the gain for transistjor . The

c apbditniv6s

I nverted signal is AC coupled via series resistor 10 R16 a

to the collector of current supply transistor QL. The added jcUrrent to QL
during the tinmes in the cycle when the parabolic output signal —at tThe

output of Ul is at is mninmmcauses the charging rate of cdpacitor C2 to
be greater atorntbeabdgimimg rapreen. eRinaushions trapgzoithand ceanvergenee nodi fi ed

parabol a Shap&sygn}lﬁfgﬁi fne%guigggcoﬁeﬁp@d hdiViGuRf 8P thel FastePabeath the

| ateral sides, wWni( . . .
projection tube. Pincushion correction is often not corrected by

modifying the main deflection signals driving the main horizontal

s and vertical deflection yokes, as in many direct view sets, due to
undesirable spot degradation. Projection tubes can be provided with
auxiliary horizontal and vertical deflection yokes for correcting
geometrical distortions, such as pincushion and trapezoid, as well
as convergence. The correction signals for each kind of distortion

10 can be combined into composite correction signals for driving the
auxiliary yokes. Accordingly, disturbances in any one of the

correction signals can disturb correction of the other distortions as
well.

A North-South pincushion correction signal can be obtained by

1s integrating ramps at the horizontal rate to generate parabolas and
modulating the resulting parabolas at the vertical rate. This
correction signal is a maximum amplitude parabola for lines at the
top of the raster, no correction at the center of the raster, and a
maximum amplitude parabola of an opposite polarity at the bottom.

20 A side pincushion correction signal can be obtained by integrating
ramps at the vertical rate to generate parabolas and modulating the
parabolas at the horizontal rate. This correction signal is a parabola
of maximum amplitude at the vertical center of the raster, and
opposite polarities for the lateral sides of each scan line.

25 Horizontal and vertical retrace, or flyback, pulses can be use for
timing the horizontal and vertical rate signals, respectively, if the
pulse widths and frequencies (and consequently the respective
periods) of the retrace pulses are substantially constant. Variations
in the pulse widths and/or frequencies of the retrace pulses can

30 disturb the generation of accurate correction parabolas, particularly
those used in North-South pincushion correction.

The circuits for generating the horizontal and vertical rate
parabolas for correcting raster distortion can be coupled to the
same horizontal and vertical deflection circuits that produce the

as deflection signals applied to the primary deflection yokes of the
respective CRTs of a projection television, for example through the




residual gullw ng distortion in the raster. This aspect of the circuit is
explained in more detail in comonly owned, copending
no. (RCA 85,835) entitled Pincushion Correction Circui
Conpensation, by E Rodriguez-Cavazos, et qal. 20

schematic shown in FIGURE 6 is arranged for correction o f_gst V%
e
oofhjis

pi ncushi on distortion rather than North- South. Accordi
produced at the vertical rate and is integrated to form -
nodul ated at the horizontal rate, correcting |ateral

FIGURE 3. 25 hrﬁhr QHlthéef fHanS eSS, | mnoﬁﬁebctbhsin%mn@ie he
ELSLF;abl y i n&rcur {8 wi % tmealuﬁvcligﬁe&:orp ps%'rs?érlrjrg trGURl?orﬁmerD '% 7 g gt
source of horizontal and vertical retrace pulses. However, operation
‘of the vertical deflection circuit can cause certain problems in the
s retrace signals due to loading of the deflection circuits.

Under ideal circumstances, the width of the horizontal retrace
pulses and the frequency {and consequently the period) of the
horizontal retrace pulses is constant. However, certain
disturbances, characterized as phase distortion or timing distortion,

10 or both, resulting from operation of the vertical deflection circuit
can alter the constancy of the width and frequency of the horizontal
‘retrace pulses. Timing disturbances at a vertical rate can be
coupled through the secondary windings of the integrated high
voltage transformer. The timing disturbances can modulate the

15 horizontal retrace pulses, by altering pulse width or frequency, or
-both. The horizontal retrace pulses are used to reset the ramp
generating portion of the parabola generator at the horizontal rate.
The modulation is at the vertical rate and multiples thereof. In

“many vertical deflection systems the phase or timing distortions

20 are small enough to be tolerable. Special compensation circuits are
not usually required. |

Some vertical deflection systems for example switched mode
vertical deflection systems, can produce significant phase
distortion in all the secondary windings of the integrated high

25 voltage transformer due to the switched mode of operation. The
phase distortion can be most prondunced during the last part of
vertical retrace, when the current through the switched elements,
for example an SCR for effecting switched vertical retrace, is at its
peak. The loading from this current modulates the horizontal

3o retrace pulses, causing variation of pulse width or variation of
frequency, or both, even from line to line. Changes in either pulse
width or frequency (and consequently period) are processed in a way
which causes variation of horizontal rate signals produced in signal
generators relying on horizontal retrace pulses for timing, for

as example those in parabola generators. The ramp signal in a parabola
generator, for example, will not have a constant frequency, and the



trénsi stor Q6 supplies a constant current to charge inte
+C10. As in the foregoi ng enbodi nent, a voltage di vider i
R20 sets the level at the base of Cﬁ, which is 30 deco,

the positive supply by capacitor C9. Traflstor Q6 numi ngaijns a constant
current through R21, coupled to the posit :

ranp at integrating capacitor Cl0. Capacitor ClO0 is dis
vertical rate by a switching nmeans coupled to verti cal )
means in 35 vertical deflection circuit 90. In the represented.enbodi menht,

the sw tchi ngaBBANGil AV ESiffer NS IntdimUd: affpHiRkdss .t O Htontaie9asd | N9
ramp signals can be integrated to produce a horizontal rate parabola
for North-South pincushion correction, or used as a modulation
signal for side pincushion correction. Variations in the start time

5 of the ramps, the duration of the ramps and the maximum amplitude
of the ramps will have a detrimental effect on the parabolas or
modulate d signal envelopes. As a result of the variations in the
horizontal retrace pulses, the horizontal rate parabola signal and/or
modulation signal can vary in amplitude at the vertical rate.

10 Typically, the ramp signal developed in a parabola generator,
for example, is AC coupled to an integrator. The capacitor which
effects the AC coupling must have a long enough time constant to
avoid distortion of the ramp signal prior to integration. The long

_ time constant will permit the vertical rate disturbance, for example

15 at 60 Hz and multiples thereof, to couple through the capacitor as
well. The peak-to-peak voltage will vary and the average voltage
will vary. Changes in the average voltage will be processed by the
integrator as a DC voltage offset, positive or negative depending on
the variation. Several vertical periods are necessary for the error

20 resulting from the change in average voltage to disappear, due to the
long time constant of the integrator. If a single variation is of -
sufficient magnitude, the parabolas will have different amplitudes
for several vertical periods, until the average voltage returns to
zero. Lack of precision in convergence correction may be noticeable

25 briefly, but the problem is tolerable if not easily perceptible,
intermittent and self correcting. However, if the variations persist,
as can happen in a system having a switched mode vertical
deflection circuit, the errors of each successive horizontal line will
accumulate in the integrator. As a result, the parabola will become

30 progressively distorted, perhaps even reaching the. point of causing
further distortion of the raster instead of correcting the raster. In
some cases, the amplitude envelope of the repetitive parabolas can
exhibit a nonlinear vertical rate distortion due to the accumulated
errors, as shown for exampie in FIGURE 7. The distortion can be

35 particularly acute during vertical retrace. The problem can be
overcome according to an aspect of the invention by also resetting




16 éapacitor C10 through resistor R35. The base of transistor Q7 is coup
to the vertical deflection circuit 90 via series and parall €
and R23, respectively, which set the appropriate |evel. The |RfF R@WWET

| ed

vertical rate obtained at integrating capagitor 5 Cl0 is coyplied to a
fol l ower anplifier conprising PNP transistor B, whose emttlerf i26@hiEo1d
is

to the positive supply through resistor R24 and whose col | eqt gr

I nasnmuch as the ranp at Cl0 in this enbodinent ig I'TTearTrather
than nodified as in Fl GURE 5,

grounded. .
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the integrator at the horizontal rate, for example by the same
horizontal retrace pulses used to reset the horizontal rate ramp
generator. This assures that no errors can accumulate in the
integrator, from one horizontal line to the next.

Another problem having a similar detrimental result on
correction waveforms can occur during a channel change, when the
vertical deflection circuit must lock to the synchronizing signals of
a new video signal. Locking onto a new video signal can not be
accomplished instantaneously, but requires a certain time interval.
The loss of vertical synchronizing pulses during channel change will
consequently result in the loss of vertical reset pufses and vertical
retrace pulses. In order to prevent the raster from collapsing, most
vertical deflection circuits provide for a free running mode at a
slightly slower frequency than the vertical rate. This may be
accomplished by an analog oscillator or a digital vertical countdown
circuit. A vertical countdown’ circuit, for example in an NTSC
interlaced scanning television operating at a vertical rate of 60 Hz,
may be adapted to produce reset pulses at an expected vertical
frequency based on a 2fy to fy ratio of 592:1, that is at a vertical
frequency of 53 Hz. When changing channels, the vertical deflection
ramp charges longer than normal until a valid sync signal from the

" new video signal is detected, because the vertical period is
effectively increased by the lower free running or countdown

frequency. The effect of the extended charging of the vertical ramp
is that the average value of the ramp signal AC coupled to the
integrator will increase considerably, so that the shape and size of
the parabolas generated after restoration of vertical sync will
reflect a substantial DC offset voltage. The offset voltage can
require several vertical fields to return to a zero average value.
During this time, the pincushion correction circuits can deviate
substantially from their steady state levels. The resulting error, in
a projection television, having superimposed rasters and composite
correction waveforms driving the auxiliary deflection coils, is
referred to as convergence bounce following a channel change. The
problem can be overcome according to another aspect of the
invention by also resetting the integrator at the vertical rate, for



the vertical sawtooth signal at the emtter of transistor B can be 10

used in other circuits. For this purpose, the emtter of g8=t
an NPN transistor QL1 via series capacitor Cl5. The base OREHLAUISERSOrIHE
I's biased by resistors R33 and R34. The emitter of B of {hfg 1OI'TOWET

to the 15

anplifier stage is AC coupl ed through series capacitor Cl} anggggggg@r R25
be

I nverting input of operational anplifier U3. Ajf
i ncl udi ng capacitor Cl2 couples the operational anplifierji
and output, to forman active integrator. Leakage resistof R26 is coupled
in parall el texapiple by the samenerticalr ietsace @uiseE usedate TEHthEI0 .
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begin each vertical trace with no DC offset voltage.

It is dn aspect of the invention to provide parabola generating
circuits which are not prone to transient and vertical rate errors.

It is a further aspect of the invention to isolate convergence
and pincushion distortion correction circuits from the effects of
loading of the high voltage transformer during vertical retrace, for
example of the kind resulting from switched mode operation of the
vertical deflection circuit. '

It is another aspect of the invention to permit pincushion
correction circuits to recover from a loss of vertical sync in a
minimum time, without apparent effects on the accuracy of
convergence correction due to channel changes and comparable
transient effects.

In accordance with these and other aspects of the invention, a
parabola generator for geometric correction of a television raster,
comprises: a resettable circuit for generating a repetitive ramp
signal and ‘a resettable integrator for generating a repetitive
parabola éignal from said repetitive ramp signal. A first resetting
circuit for initializes the ramp circuit at a frequency related to a

"scanning frequency. An auxiliary resetting circuit for initializes the

integrator prior to integrating each repetitive ramp. The auxiliary
resetting circuit minimizes timing errors from variations of the
ramp signal due to transient conditions. In one embodiment, the
scanning period is a horizontal scanning period and the ramp and
parabola circuits are reset at the end of each horizontal scanning

interval. In this case, the first and auxiliary resetting circuits are

responsive to horizontal retrace pulses, for example the [eading
edges of the horizontal retrace pulses. A further circuit modulates
the periodically reset parabolic signal at a vertical scanning rate
for driving an electron scanning beam deflection circuit, for example
one having an auxiliary deflection coil. In another embodiment, the
scanning period is a vertical scanning period and the ramp and
parabola circuits are reset at the end of each vertical scanning
interval, In this case, the first and auxiliary resetting circuits are



20 ‘vertical retrace pul se. I nasmuch as the rio_ni nverting input to »
operational anplifier U3 is set at a fixed positive volt ot e
divider including resistors R27 and R28, the output of W@MS E’Eﬂ‘
vol t age when transistor QLO di scharges capacitor Cl2. The|[vertical retr

age
pul ses are differentiated by capacitor CL3 and 25 resiptpr2RBAUGHEILM Mg {a
narrow pul se at the beginning of the vertical retrace pulge. The

peri odi ca i"“yeShE# BSiveS 15 LR, BBt Pulsdst Bhrexaninle MRy a0 GavpaRRg
t her eby produc&d ivertigehtretrace puolsesa pAr fither mircufti snoculates tHES
output of oper geryitalfPiddetepartbolid®signal at a horizontal scanning rate for
driving an electron scanning beam deflection circuit, for example
5 one havmg an auxiliary deflection coil.

More particularly, the parabola circuit may "comprise an
integrator for integrating a repetltlve ramp signal, the integrator
generating a waveform which is set to a zero value amplltude by
operation of the auxiliary resetting circuit. The integrator may

10 comprise an operational amplifier and an integrating capacitor. The
auxiliary resetting circuit may comprise a transistor switch for
discharging the capacitor. The integrator may-be coupled to a high
voltage transformer operable to power deflection of a beam of the
raster, the resetting circuit correcting errors in the raster coupled

15 through the transformer. |

Resetting the waveform responsive to a timing signal rather
than allowmg the minimum . level of the waveform to be defined only
by operation of the integrator, that is By the uncontrolled
dissipation of.the charge on the’ capacitor, improves the accuracy of-

20 pincushion correction. ,

FIGURE 1 is a diagram illustrating a rectilinear raster.

FIGURE 2 is a diagram illustrating North- South pincushion
distortion of a raster. '

_ FIGURE 3 is.a diagram lllustratmg East-West pincushion

25 distortion. :

FIGURE 4 is a block diagram of a circuit for generating a a
parabolic correction signal according to an aspect of the invention.

FIGURE 5 is a circuit schematic of a parabola generator for
developing a correction signal for North-South pincushion

30 correction, according to an aspect of the invention.

FIGURE 6 is a circuit schematic of a parabola generator for

developing a- correction signal for East-West pincushion correction,

according to another aspect of the invention.
FIGURE 7 illustrates a parabola waveform with non-linear
vertical rate distortion, due to accumulated errors.

The raster 40 shown in FIGURE 1 is an accurate and correct
35 video display formed from a plurality of straight horizontal scan
lines 42, which are of equal length and are parallel. The endpoints




The parabola at the output of U3 is AC coupled by series |

further anplifier stage including transistor Q. The base Mpﬁg ;
is biased by resistors R29 and R30. The vertical rate parpbpts :
at the emtter of transistor . 35 The emtter is couplled to, horizont
pi ncushion correction circuit 106, where the vertical ratje paf@lﬁﬂ%ﬂ%
nodul at ed by a hori zont al 1-7 rate sawtooth. The horifzantal pi ncushi pn
correction circuit 110 o

or Cl4 to a

44 of the scan lines all reside along vertical lines at the lateral
sides of the raster display, perpendicular to the individual scan
lines 42. Distortion of the raster can be produced due to distortions
produced in the deflection circuits, in the curvature of the viewing
5 surface or in the geometry of a projection system. Two examples of
distortion in direct view and projection sets are the North-South (or
top-bottom) pincushion distortion shown in FIGURE 2, and the East-
West (side) pincushion distortion shown in FIGURE 3. Trapezoid and
convergence distortion are not illustrated, but can also be expected
16 in a projection set. .

In the North-South pincushion distortion of raster 46, the
individual scan lines 42 of the raster display bow inwardly by an
amount which is greatest at the top and bottom of the raster, and is
less approaching the vertical center. The vertical deflection of the

15 scanning electron beam can be adjusted by means of a parabolic
shaped correction signal at the frequency of horizontal scanning to
correct this distortion. The parabolic correction signal is modulated

" by a ramp at the vertical rate such that the correction parabola has
a maximum positive (upward) amplitude at the top line of the raster,

20 a zero amplitude at the vertical center scan line (which is not
distorted ), and a maximum negative (downward) amplitude at the
bottom scan line.

. In the East-West pincushion distortion of raster 48, the scan
lines 42 at the top and bottom of the raster are longer than those at

25 the vertical center, producing an inward bowing of the lines 44 at
the sides of the raster, corresponding to the endpoints of the
respective scan lines. This distortion can also be corrected by a
parabolic correction signal, applied to modify horizontal deflection
of the scanning beam. In this case, however, the parabola is at the

30 vertical rate and the modulation is by a ramp at the horizontal rate.

In a projection television apparatus, the distortion of the
rasters of the three primary color CRTs may be different due to
differences in scanning deflection and differences in projection
angles between the projection axes and the axial center (the center

3s of curvature) of the projection surface or screen. When



imﬁ’& 108.

receives a horizontal sawtooth signal from horizonta
Hori zontal sawtooth circuit 108 is responsive to hori
circuit 106. The output of horizontal 5 pincushion cui tf 110
is a suimming circuit 102. Qther inputs togthe summin ir?cfmf*t“*‘l ar
generated by the trapezoid correction circuit 96 and ithe conve :
correction circuit 98. The output of summng circuit {1 I's coupl ed toj
anplifier U4 for driving the auxiliary horizontal defi .yeke*Xt“*&O
In each of the foregoing enbodi nents, the feedback capacitor of an activé
i nt egr at or i norrespoatisiga ppémtsr af dhei thrpesrasteesl wsdpsujbategbdviey swet ch neans

at a point ignbiHgr 867 hBEHrBistly cBintide, a convergence error occurs.
FIGURE 4 illustrates in block form a circuit for producing a
parabolic correction signal according to an aspect of the invention.

5 The sawtooth shaped output signal 62 of a periodically reset ramp
generator 84 is AC coupled to an active integrator 70 via a series
capacitor 76. The integrator 70 comprises an operational amplifier
72 and a feedback capacitor 74, and produces the parabolic output 60
as shown.

10 The ramp generator 84 can comprise a constant current supply
for charging a capacitor, producing an ascending ramp voltage, and
first resetting means 86, such as a fransistor switch, for quickly
discharging the capacitor to cause the voltage to drop off at the
conclusion of the vertical or horizontal interval. Integration of the

15 AC coupled ramp signal produces a repetitive parabola signal, usefui
for correction of pincushion distortion. However, the parabola
signal produced by the integrator 70 is subject to variation due to
periodic and/or transient variations which occur in the ramp signal
62. These periodic or transient variations can result, for example,

20 from vertical rate disturbances coupled from the vertical deflection
system and from loss of vertical sync during channel change. In
either case, the timing disturbances are coupled through.cap'acitor
76, which has a long time constant to prevent distortion of the ramp
signal. The timing errors change the average voltage level at the

25 input to the integrator 70. The difference in average voltage level is
processed by the integrator as a DC offset, which distorts the
steady state shape of the parabolas. In view of the long time
constant of the integrator, the average voltage error will require
several vertical periods to dissipate. [f the timing disturbance is

30 periodic and repetitive, the average voltage level error in the
integrator will not have an opportunity to dissipate. Instead, the
error will accumulate, increasing the distortion of the parabola.
According to an aspect of the invention, the capacitor 74 forming
the feedback path of the operational amplifier 72 of integrator 70 is

3s coupled to an auxiliary resetting means 80, such as a transistor
switch, operative to discharge the capacitor 74 dur?ng the




pufse, for exanple at the | eading edge of a retrace pu
-enbodi nent of FIGURE 5, the auxiliary reset function pr
distortion of the horizontal correction parabola by vertfi
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reset function prevents distortion of the vertical corr
vertical rate phase 20 and timng disturbances, for e
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will start with a zero average voltage level, that is, with no
unintended DC offset. Such a circuit in accordance with aspects of
the invention is substantially insensitive to variations in the ramp
signal 62.

Different forms of periodic and/or transient variations can
affect the generation of the ramp signal and therefore the parabola.
Certain disturbances, for example, characterized as phase distortion
or -timing distortion, or both, resulting from operation of the
vertical defiection circuit can alter the constancy of the width and
frequency of the horizontal retrace pulses. Timing disturbances at a
vertical rate and multiples thereof can be coupled through the
secondary windings of the integrated high voltage transformer. The
timing disturbances can modulate the horizontal retrace pulses, by
altering pulse width or frequency, or both. The horizontal retrace
pulses are used to reset the ramp generating portion of the parabola
generator'_at the horizontal rate. Some vertical deflection systems,

for example switched mode vertical deflection systems, can produce

significant phase distortion in all the secondary windings of the
integrated high voltage transformer due to the switched mode. of
operation.” The phase distortion can be most pronounced during the
last part-of vertical retrace, when the current through the switched
elements, for example an SCR for effecting switched vertical
retrace, is at its peak. The loading from this current modulates the
horizontal retrace pulses, causing variation of pulse width or
variation of frequency, or both, even from line to line. As a resuit,
the ramp signal in a parabola generator, for example, will not.have a
constant frequency, and the ramps will have different maximum
amplitudes. Horizontal rate ramp signals can be integrated to
produce a horizontal rate parabola for North-South pincushion
correction, or used as a modulation signal for side pincushion
correction. Variations in the start time of the ramps, the duration
of the ramps and the maximum amplitude of the ramps will have a
detrimental effect on the parabolas or modulate d signa! envelopes.
As a result of the variations in the horizontal retrace pulses, the



derived fromthe received video signal. During a channel c¢hange...25...when

vertical sync is lost, a free running circuit in the ver tRﬁA&Qﬂ“@@%T

circuit will

raster fromcollapsing, although at a | owet frequency than E% erg m
rate. Inasmuch as the vertical ranp is reset by the vert}ch eﬁp
signal, the vertical ranp charges 30 |longer during the jfransient periq
foll owi ng a channel change because the internal verticaliperiod is Ionger,
until a valid synchronizing signal is detected for the new-charret——Fhe
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Another problem having a similar detrimental result on
correction waveforms can occur during a channel change, when the
vertical defiection circuit must lock to the synchronizing signals of
a new video signal. Locking onto a new video signal can not be
accomplished instantaneously, but requires a certain time interval.
The loss of vertical synchronizing pul'ses during channel change will
consequently result in the loss of vertical reset pulses and vertical
retrace pulses. In order to prevent the raster from collapsing, most
vertical deflection circuits provide for a free running mode at a
slightly slower frequency than the vertical rate. When changing
channels, the vertical deflection ramp charges longer than normal
until a valid sync signal from the new video signal is detected,
because the vertical period is effectively increased by the lower
free running frequency. The effect of the extended charging of the
vertical ramp is that the average value of the ramp signal AC
coupled to the integrator will increase considerably, so that the
shape and size of the parabolas generated after restoration of
vertical sync will reflect a substantial DC offset voltage. The
offset voltage can require several vertical fields to return to a zero
average value. Duri'ng this time, the pincushion correction circuits
can deviate substantially from their steady state levels. - The
resulting error, in a projection television having superimposed
rasters and composite correction waveforms driving the auxiliary
deflection coils, is referred to as convergence bounce following a
channel change. The problem can be overcome according to another
aspect of the invention by also resetting the integrator at the
vertical rate, for example by the same vertical retrace pulses used
to reset the vertical rate ramp generator. This assures that the
integrator will be initialized after each vertical trace so as to begin
each successive vertical trace with no DC offset voltage.

In each of the foregoing examples, the integrator of a parabola
generator, as well as the ramp circuit, are reset by the reset pulse.
The auxiliary reset function of the parabola signal dependably
initializes, that is zeroes, the integrator before the beginning of



35 vertical rate parabolas generated after vertical sync is g&E8kADE
SO0 as to prevent convergence bounce. 18 Generally, the tinj et L
t hroughout the correction circuits produce unacceptabl e perfo | f the

hori zontal and vertical rate parabol as deviate fromtheir respect g@%@my
state levels. The auxiliary reset function“in the integrator, nsive to |
5 a timng signal according to aspects of the invention, enables the e
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each repetitive parabola. This eliminates undesirable periodic
variation of the parabola signal from timing disturbances
originating in vertical deflection systems and prevents distortion of
the parabolas following restoration of vertical sync, for example

s after channel change. in prior art systems, each repetitive parabola
begins from whatever residual DC offset is processed by the
integrator, as a result of a distorted ramp signal. Such circuits are
subject to considerable distortion, particularly during channel
change when vertical sync is temporarily lost and particularly when

16 used in conjunction with noisy vertical deflection systems, such as
those operating in a switched mode. According to an aspect of the
invention, each repetitive parabola is always initialized from a
predefined level, for example a zero DC offset, due to an auxiliary
reset function responsive to a timing signal.

15 FIGURE. 5 illustrates a circuit schematic for implementing a
correction circuit for North-South pincushion distortion, according
to an aspect of the invention. The circuit comprises a ramp
generator having a current source in the form of PNP transistor Q1,

~ whose collector is coupled to integrating capacitor C2. Current

20 source transistor Q1 charges capacitor C2 to form the ramp or
sawtooth signal at the horizontal scanning rate.. The -emitter of Q2
is coupled to the positive supply through resistor R3.- The level at
the base of Q1 is fixed by a voltage divider comprising resistors -R1
and R2. A capacitor C1 decouples the voltage divider junction (and

25 the base of Q2) relative to the positive supply. Subject to feedback
to the emitter of Q1 via R16 and C8 as discussed hereinafter, the
current supplied by current source Q1 is substantially constant,
whereby integrating capacitor C2 charges constantly to obtain a
ramp. _

30 Integrating capacitor C2 is discharged by switching transistor
Q2 during the horizontal retrace. Resistors R4 and R5 couple the
base of transistor Q2 to a reset signal from the horizontal
deflection circuit 106, for example to the secondary winding of the
IHVT that produces retrace pulses. Diode D1 clamps the base of Q2

3s with respect to ground. During a retrace pulse, capacitor C2 is
discharged and upon completion of the retrace pulse C2 begins to
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characterized by:

charge again, the signal at C2 therefore defining a sawtooth at the
horizontal rate. |

The sawtooth is coupled to a follower amplifier stage formed
by PNP transistor Q3, whose emitter is coupled to the positive
supply through resistor R6, and reproduces the sawtooth. The
sawtooth is AC coupled through series capacitor C3 and resistor R7
to an active integrator. The integrator comprises operational
amplifier U1, to which the ramp signal is coupled at the inverting
input. Feedback capacitor C4 is coupled between the output of the
operational amplifier and the inverting input. Resistors R9 and R10 -
are coupled to the positive and negative 12V power supplies,
respectively. By integrating the AC coupled horizontal rate ramp
signal, a parabola 60 at the horizontal rate is obtained at the output
of operational amplifier U1. A vertical deflection circuit 90
provides an output to a vertical ‘'sawtooth circuit 92, which in turn
generates a vertical sawtooth signal as an input for a North-South
pincushion correction circuit 94. The vertical deflection circuit can
be a switched mode vertical deflection circuit. Switched mode
vertical deflection circuits are known in the art and need not be -
described herein in detail. Mention can be made that switched mode
vertical deflection circuits comprise active switching elements, for
example SCRs. The switching elements can conduct large scanning
currents, particula{rly near and. during vertical retrace. The
switching elements can be a source of considerable noise, at
vertical scanning rates and multiples thereof, which can easily
couple to other circuits,. for example through the high voltage or
flypack transformer. The North-South pincushion ‘correction .circuit
modulates the parabola by the vertical sawtooth signal, at the
vertical rate, in a known manner.. The modulated signal is coupled to
a summing circuit 100. Other inputs to summing -circuit 100 are
generated by trapezoid correction circuit 96 and convergence
correction circuit 98. A composite correction signal is coupled to
output amplifier U2, for driving the auxiliary vertical deflection
yoke Y1.

The repetitive parabola signal developed at the output of
operational amplifier U1 can be somewhat advanced in phase
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correction circuit (QL, @@, @, Ul) for anplitude nodi
parabolic horizontal rate signal by a generally parabol
f eedback signal to define an equilibrium output signal
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vertical deflection circuit (94, U2) for driving a deffegtion coil (Y1)
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might be necessary to insert a phase delay, for example after the -
output of the operational amplifier, to compensate for the phase
difference. Instead, resistor R8 adds a DC bias to the ramp signal,
which raises the ramp signal level relative to a zero voltage level
baseline. This has the effect of shifting the center of the parabols,
as though the parabola had been delayed in time. The DC bias does
alter the shape of the parabola to a small extent, but not enough to
disturb the convergence correction.

According to the invention, switching means are prowded to
discharge the feedback capacitor C4. Discharging C4 turns the
integrator configuration of the operational amplifier into that of a
follower amplifier, setting the output to the level at the
noninverting input, which is grounded. Accordingly, the parabola is
initialized to zero amplitude as of a point in time defined by the
retrace pulse rather than reaching its minimum as a function of the
integration of the ramp and the time constant constrained discharge
of the capacitor. This removes any error which may accumulate due
to the fact that the ramp generation is coupled at least indirectly to
the switched vertical deflection circuit through the integrated high
voltage transformer (IHVT) and may be modulated thereby at the
vertical ‘rate.

The switching means for discharging capacitor C4 includes
switching transistor Q5, coupled in parallel with capacitor C4 and in
series with resistor R18 at its emitter. The base of transistor Q5 is
coupled to the retrace pulses from horizontal deflection circuit 106
through a differentiator formed by capacitor C9 and resistor R17.
Differentiaﬁng'the pulses produces a high going pulse at the leading
edge and a low going pulse at the trailing edge of the retrace pulse.
The low-going pulse is cancelled by diode D2, clamping the base of
transistor Q5 relative to ground. The differentiator produces a very
narrow pulse, whereby capacitor C4 is quickly discharged coincident
with the leading edge of the retrace pulse. Resistor R32 is series
coupled in the retrace signal path to capacitor C9, and provides
protection against arcing of the kinescope (not shown).



(94) response to said phase shifted parabollc shaped sign
a pincushion correction signal. ¢
characterized in that said first
resetting

According to the embodiment of FIGURE 5, the parabola
obtained at the output of operational amplifier U1 is fed back to the
current supply transistor Q1 to modulate the otherwise constant
current supply and give the ramp at integrating capacitor C2 the

5 modified shape shown in FIGURE 5. The parabola is AC coupled via
capacitor C6 and series resistor R11 to an inverting amplifier stage
including transistor Q4. The base of transistor Q4 is biased by
resistors R12 and R13. Resistors R14 and R15 set the gain for
transistor Q4. The inverted signal is AC coupled via series resistor

1o R16 and capacitor C8 to the collector of current supply transistor
Q1. The added current to Q1 during the times in the cycle when the
parabolic' output signal at the output of U1 is at is minimum causes
the charging rate of capacitor C2 to be greater at the beginning and
end of the ramp. The result is a modified parabola shape wherein the

1s slope of the parabola is greater at the lateral sides, which reduces
residual gullwing distortion in the raster. This aspect of the circuit
is explained in more detail in commonly owned, copending
application serial no. (RCA 85,835) entitled Pincushion Correction
Circuit With Gullwing Compensation, by E. Rodriguez-Cavazos, et al.

20 The circuit schematic shown in FIGURE 6 is arranged for
correction of East-West pincushion distortion rather than North-
South. Accordingly, a sawtooth is produced at the vertical rate and
is integrated to form a parabola which is modulated at the
horizontal rate, correcting lateral distortion as shown in FIGURE 3.

2s  Circuits for correction of both forms of distortion are preferably
included in the television apparatus. In FIGURE 6, PNP current supply
transistor Q6 supplies a constant current to charge integrating
capacitor C10. As in the foregoing embodiment, a voltage divider
including R19 and R20 sets the level at the base of Q8, which is -

30 decoupled relative to the positive supply by capacitor C9.
Transistor Q6 maintains a constant current through R21, coupled to
the positive supply, thereby producing a ramp at integrating
capacitor C10. Capacitor C10 is discharged at the vertical rate by a
switching means coupled to vertical retrace triggering means in

3s vertical deflection circuit 90. In the represented embodiment, the
switching means includes transistor Q7, coupled to the integrating
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anplifier (Ul;U3) and a feedback
ng,said

¢apa r’torofnI ”th‘?gﬂgﬁ' resistor R35. The base of transistor Q7 is
coupled to the vertical deflection circuit 90 via series and parallel
resistors R22 and R23, respectively, which set the appropriate level.

The ramp at the vertical rate obtained at integrating capacitor
C10 is coupled to a follower amplifier comprising PNP transistor
Q8, whose emitter is coupled to the positive supply through resistor
R24 and whose collector is grounded.. Inasmuch as the ramp at C10
in this embodiment is linear, rather than modified as in FIGURE 5,
the vertical sawtooth signal at the emitter of transistor Q8 can be
used in other circuits. For this purpose, the emitter of Q8 is coupled
to an NPN transistor Q11 via series capacitor C15. The base of
transistor Q11 is biased by resistors R33 and R34.

The emitter of Q8 of the follower amplifier stage is AC
coupled through series capacitor C11 and resistor R25 to the
inverting input of operational amplifier U3. A feedback path
including capacitor C12 couples the operational amplifier inverting
input and output, to form an active integrator. Leakage resistor R26
is coupled in parallel to C12, as is switching transistor Q10.
Transistor Q10 discharges capacitor C12 at the beginning of a
vertical retrace pulse. Inasmuch as the noninverting input to
operational amplifier U3 is set at a fixed positive voltage by a
voltage divider including resistors R27 and R28, the output of U3 is
set to this voltage when transistor Q10 discharges capacitor C12.
The vertical retrace pulses are differentiated by capacitor C13 and
resistor R31, forming a narrow pulse at the beginning of the vertical
retrace pulse. The differentiated output is clamped relative to
ground by diode D3. As C10 is periodically charged and reset at the
vertical rate, the ramp or sawtooth thereby produced is integrated
to form a parabola at this rate at the output of -operational amplifier
us3. '

The parabola at the output of U3 is AC coupled by series
capacitor C14 to a further amplifier stage including transistor Q9.
The base of transistor Q9 is biased by resistors R29 and R30. The
vertical rate parabola is an output at the emitter of transistor Q9.
The emitter is coupled to horizontal pincushion correction circuit
106, where the vertical rate parabola is modulated by a horizontal



repetitive ranp signal (62). 11. The waveform generator of claim 10,

characterized in that said auxiliary resetting neans (8 conpri ses a
transi stor switch (@; QLO) for discharging said capacit
The waveform generator of claiml, characterized in tha
condition is a zero offset DC voltage biqag | evel for saj

(84) for repetitively producing a ranp signal (62) at
rate, an anplifier (72) having an input coupled to sai
and having an output, and a capacitor (74)

rate sawtooth. The horizontal pincushion correction circuit

receives a horizontal sawtooth signal from horizontal sawtooth
circuit 108. Horizontal sawtooth circuit 108 is responsive to
horizontal deflection circuit 106. The output of horizontal

5 pincushion correction circuit 110 is a summing circuit 102. Other
inputs to the summing circuit 102 are generated by the trapezoid
correction circuit 96 and the convergence correction circuit 98. The
output of summing circuit 102 is coupled to amplifier U4 for driving
the auxiliary horizontal deflection yoke Xi.

10 In each of the foregoing embodiments, the feedback capacitor
of an active integrator in a parabola generator is positively
discharged by switch means at a point in time defined by a timing
pulse, for example at the leading edge of a retrace pulse. In the
embodiment of FIGURE 5, the auxiliary reset function prevents

15 distortion of the horizontal correction parabola by vertical rate
phase and timing disturbances, for example those caused by
switched mode operation of a vertical deflection system. In the
embodiment of FIGURE 6, the auxiliary - reset function prevents
distortion of the vertical correction parabola by vertical rate phase

20 and timing disturbances, for example those caused by switched mode
operation of a vertical deflection system, particularly at the time of
vertical retrace. However, there is a further advantage.in the
embodiment of FIGURE 6. Normally, vertical retrace triggering is
derived from the received video signal. During a channel change,

25 when vertical sync is lost, a free running circuit in the vertical
deflection circuit will provide internal vertical synchronizing
pulses to prevent the raster from collapsing, although at a lower
frequency than the vertical rate. Inasmuch as the vertical ramp is
reset by the vertical retrace signal, the vertical ramp charges

30 longer during the transient period following a channe! change
because the internal vertical period is longer, until a valid
synchronizing signal is detected for the new channel. The auxiliary
reset function prevents the longer charging of the vertical ramp
during channel change from effecting the steady state values of the

35 vertical rate parabolas generated after vertical sync is
reestablished, so as to prevent convergence bounce.
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rate to set said anplifier (72) to an inpu

condi tion indgpandent of each

Generally, the time constants throughout the correction
circuits produce unacceptable performance if the horizontal and
vertical rate parabolas deviate from their respective steady state
levels. The auxiliary reset function in the integrator, responsive to
a timing signal according to aspects of the invention, enables the
steady state levels to be more closely maintained.
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13, further

1. A parabola waveform generator for correction of a
television raster, having: a resettable circuit (84) for generating
a repetitive ramp signal (62), and characterized by:

first resetting means (86) for initializing said ramp circuit
(84) at a frequency related to a scanning frequency;

a resettable integrator (70) for generating a repetitive
parabola signal {60) from said repetitive ramp signal (62); and,

auxiliary resetting means (80) for initializing said
integrator (70) to an input condition independent of each
preceding repetitive parabola prior to integrating each said
repetitive parabola.

2. The waveform generator of claim 1, characterized in
that said scanning frequency is a horizontal scanning frequency
and said ramp and parabola signals (62,60) are initialized after
each horizontal scanning interval.

3. The waveform generator of claim 2, characterized in
that said first resetting means (86) and said auxiliary resetting
means (80) are responsive to horizontal retrace pulses.

4. The waveform generator of claim 1, characterized in
that said first resetting mean% (86) is responsive to horizontal
retrace pulses and said "auxiliary resetting means (80) is
responsive to differen.tiated"horizontai retrace pulses.

5. The waveform generator of claim 2, further
characterized by means (94) for modulating said horizontal rate ,
parabola signal at a vertical scanning frequency.

6. The waveform generator of claim 1, characterized in
that said scanning frequency is a vertical scanning frequency and
said ramp and said parabola signals (62,60) are initialized after
each vertical scanning interval.

LTIy



charact eri zed by a differentiator (C9,R17; C13, R31) for pr i P .
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signal for initiating said discharge of said capacitor (74 G4;Cl 2)
The pincushion correction circuit of cl20 m 13, characteri zed | 20tHaL 19§é|
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vertical retrted paidkdirst resetting means 86) and sald auxnllary resetting

means (80) are responsive to vertical retrace pulses.

8. The waveform generator of claim 1, characterized in
that said first resetting means (86) is responsive to vertical
retrace pulses and said auxiliary resetting means (80) is
responsive to differentiated vertical retrace pulses.

9. The waveform generator of claim 6, further
characterized by means (110) for modulating said vertical rate
parabola signal at a horizontal scanning rate.

10. The waveform generator of claim 1, characterized in
that -said integrator (70) comprises an operational amplifier
(U1;U3) and a feedback capacitor (C4,C12) for integrating said
repetitive ramp signal (62).

11. The waveform generator of claim 10, characterized in
that said auxiliary resetting means (80) comprises a transistor

_switch (Q5;Q10) for discharging said capacitor (C4,C12).

.12. The waveform generator of claim 1, characterized in
that said input condition is a zero offset DC voltage bias level for
said ramp signal (62).

13. A pincushion correction circuit for a television raster,
having means (84) for repetitively producing a ramp signal (62) at
a first scanning rate, an amplifier (72) having an input coupled to
said .-ramp signal (62) and having an output, and a capacitor (74)
coupled between said input and output of said 'ampliﬁer (72) to
produce a repetitive parabola signal (60) at said output
responsive to said ramp signal (62), characterized by:

means {80) for discharging said capacitor (74) in time
coincidence with a control signal (64) at said first scanning rate
to set said amplifier (72) to an input condition independent of
each preceding repetitive parabola; and,

‘R O 60 A




19.. The pincushion correction circuit of claim 13, char I emadin) ] '
.said input condition is a zero offset DC voltage bias | X?jﬂ;@wﬁu&m

signal (62).

means (94;110) for modulating said parabola dignal at a

second scanning rate for driving a scanning electron"beam
deflection circuit.

14. The pincushion correction circuit of claim 13,
characterized in that said first scanning rate is a horizontal

scanning rate and said second scanning rate is a vertical scanning
rate.

15. The pincushion correction circuit of claim 13, _
characterized in that said control signal (64) is derived from
horizontal retrace pulses.

16. The pincushion correction circuit of claim 13, further
characterized by a differentiator (C9,R17; C13,R31) for producing
a narrow pulse substantially coincident with each leading edge of

said control signal for initiating said discharge of said capacitor
(74,C4;C12).

17. The pincushion ‘correction circuit of claim 13,
characterized in that said first scanning rate is a vertical
scanning rate and said second scanning rate is a horizontal
scanning rate. -

18. The pincushion correction circuit of claim 13,
characterized in that said control signal (64) is derived from
vertical retrace pulses.

6 19, Thé pincushion correction circuit of claim 13,
characterized in that said input condition is a zero offset DC
voltage bias level for said ramp signal (62).

RO O O



10

15

20

25

30

REPLACEM%w

J

T SHEET

22

PARABOLA GENERATORS WITH AUXILIARY RESET NCTXO]

ABSTRACT OF THE DISCLOSURE

A parabola generator for geometric correction of a
television raster, comprises: a resettable circuit (84) for
generating a repetitive ramp signal (62)- and a resettable
integrator (70) for generating a repetitive parabola signal (60)
from said repetitive ramp signal (62). A first resetting circuit
(86) initializes* the ramp circuit (84) at a frequency related to a
scanning frequency. An auxiliary resetting circuit (80)
initializes the integrator (70) prior to integrating each repetitive
ramp. The auxiliary resetting circuit (80) minimizes timing
errors from variations of the ramp signal' (62) due to transient
conditions. In one embodiment, the scanning period is a
horizontal scanning period and the ramp and parabola circuits
(84,70) are reset at the end of each horizontal scanning interval.
In this case, the first and auxiliary resetting circuits (86,80) are
responsive to horizontal retrace pulses, for example the leading
edges of the horizontal retrace pulses. A further circuit
modulates the periodically reset parabolic signal at a vertical
scanning rate. In another embodiment, the scanning period is a
vertical scanning period and the ramp and parabola circuits
(84,70) are reset at the end of each vertical scanning interval. In
this case, the first and auxiliary resetting circuits (86,80) are
responsive to vertical retrace pulses, for example the leading

‘edges of the vertical retrace pulses. A further circuit modulates

the periodically reset parabolic signal at a horizontal scanning

‘rate. The parabolic waveform (60) is also reset responsive to a

timing signal, rather than by allowing the minimum level of the
waveform to be defined only by uncontrolied operation of an
integrator.

Reference Indicia Are From Fig. 4
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What is claimed is:

1. A circuit for providing North-South pincushion correction and guliwing
compensation in a raster display of a television apparatus, having a correction
circuit (Q1, Q2, Q3, U1) for generating a generally parabolic, horizontal rate
correction signal for correcting North-South pincushion distortion, characterized
by:

a gullwing compensation circuit (Q4) coupled as a feedback path of said
correction circuit (Q1, Q2, @3, U1) for amplitude modifying said generally
parabolic horizontal rate signal by a generally parabolic horizontal rate feedback
signal to define an equilibrium output signal (output of U1) for correcting said
pincushion distortion and gullwing distortion; and

a vertical deflection circuit (94, U2) for driving a deflection coil (Y1) with
said quilibrium output signal (output U1).

2. A deflection waveform correction signal generator, comprising:

a horizontal frequency ramp generator (Q1, C2);

an integrating circuit (U1, C4) coupled to an output said ramp generator
for generating a generally parabolic shape signal (60); characterised by

a source {+12V) of bias current coupled to an input of said integrating
circuit to generate a phase shift component proportional to said bias current for
addition to said generally parabolic shaped signal; and

means (94) response to said phase shifted parabolic shaped signal for
generating a pincushion correction signal.



