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invéntion relates to the field of circuits for correcting Nor t h- Sout h
pi ncushion distortion in a raster display, and in- parti CUR@A 85,885
preventing gullw ng distortion. 5 A theoretically perfect, square
and |inear raster pattern 24 is shown schematically in FlI GURE 5.
Produci ng such a raster in a tel evi si on apparatus requires accurate
scanni ng of the raster beam at ogints in the display. In a color

CRT, a si nglRINCAISIHION CORRECTION cfé'cu% WITH GULLWING COM%ENSAWON
| This invention relates to the field of circuits for correcting
North-South pincushion distortion in a raster display, and in
particular, to preventing gullwing distortion. _
5 A theorstically perfect, square and linear raster patiern 24 is
shown schematically in FIGURE 5. Producing such a raster in a
television apparatus requires accurate scanning of the raster beam
at all points in the display. In a color CRT, a single scanning
~ electron beam normally produces the raster, and care is taken to
10 accuu’at@!y deflect the electron beam to obtain the required pattern.
Auxillary deflection yokes may be employed in televisions having
large direct view CHRTs and in projection televisions to correct
inaccuracies in scanning caused by circuit characteristics and by the
geometry of the projection surface. In rear projection television
15 sets, for example, three rasters are formed by individual
meonochrome CRTs and are projected over one another onto & single
screen to form the color image. The projection angles of the three
rasters cannot be identical because the projection sources are at
different positions relative to the projection axis. The resulting;.
20 geometric distortions of the projected images cause misregistration
of the monochrome images. Moreover, the original rasters may not
* be perfectly squared and linear due tc the same geomstric and
circuit considerations that apply to direct view television seté:
Distortion in a raster display can be caused by various
25 attributes of the deflection circuits, by the geometry of the
projection surface and by other factors. Various distortions occur
in most forms of television displays, and these must be corrected
-when controliing deflection of the scanning electrorn besam, in order
to obtain a squared, linear and properly registered display. One form
sc of distortion of a raster is known as North-South or Top-Bottom
. pincushion distortion. Typical uncorrected North-Scuth pincushion
distortion 20 is shown in FIGURE 1. This form of distortion may be
caused by a difference in position of the electron beam deflection
center(s) and the face plate curvature center {which may be at
as infinity for a flat CRT). Such pincushion distortion, and some other

forms of distortion, can be corrected by applying current to an
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el°qctron beam normal |y produces the raster, and care is taken to 10
.accurately deflect the electron beam to obtain the required pattern.
Auxiliary deflection yokes may be enplogyed in tel evisions hawgAa®sssas | arge

direct view CRTs and in projection televisions to correct | naccur aci es
I'n scanni ng caused by circuit characteristics and by the geonetry of
the projection surface. In rear projection television 15 sets, for
exanple, three rasters are fornmed by individual nonochr ome CRTs and’
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' 1o parabola can be modulated in amplitude by a sawtooth recurring at
the vertical rate, so as to provide maximum correction of a given
polarity at the top of the raster; no corrsction at the center; and,
maximum correction of the opposite polarity at the bottom of the
raster. A schematic representation of this correction signal is
15 shown in FIGURE 2, wherein a vertical rate sawtooth 38 modulates a
parabola-shaped correction signal, and provides reversed polarity
parabolas 34, 36 at amplitudes required for correction of the upper
and lower scan lines of the raster, respectively.
The shape of the parabola in the correction signal determines
26 the accuracy of correction of the pincushion distortion. Depending
~ on the CRT and yoke combination, and the shape of a parabolic
correction signal appiied thereto, a second form of distortion may
occur in the raster. This distortion is known as gullwing distortion
and is shown schematically by raster grid 22 in FIGURE 3. The scan
25 lines at the top and the bottom of the raster have a larger radius of
-curvature at the center than they do at the edges of the display.
When a parabolic correction signal is applied to correct pincushion
distortion, for example in the moncchrome CRTs of a rear projection
apparatus, the top and bottom lines of the raster may be
3o inaccurately corrected, resuiting in this gullwing distortion.
it is possible to further correct distortion of the raster by
modifying the current applied to the auxiliary deflection yoke to
cancel gullwing distortion. The required change is a reduction in the
" absolute ‘value of the correction signal corresponding with the
35 humps of the distorted raster scan lines, which may be bilateral as
' shown in FIGURE 3. Such a modification of a parabolic correction
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when contr.ol ling deflection of the scanning el ectron beam in order
.to obtain a squared, linear and properly registered display. One form
of distortion of a raster is known as Ngih-South or Top- Bot iR 85,835
pi neushi on distortion. Typical uncorrected North-South pincushion
distortion 20 is showmn in FIGURE 1. This formof distortion may be |
caused by a difference in position of the electron beamdefl ection
center(s) and the face plate curvature center (which my be at 35

infinity fwaveforimais Rtwn BudiGUREuéhi Thedsiclesr of dhe parabedararet her

forms of dhskitidd 98- nG98 &5stoRpbF SBRe thaPbitheRdisd 'détbratéd 3R the
parabola for correcting pincushion distortion. Inasmuch as the
‘extent of guilwing distortion is greater at the top and bottom of the

5 raster and less towards the center (the same as pincushion
distortion), the shape of the parabola can be modified before
modulating the parabola by the vertical sawtooth, as discussed
above. FIGURE 4 illustrates both a typical parabola 42 for correcting
pincushion distortion and a medified parabola 44 for correcting

10 gullwing distortion.

' in order to produce the necessary compensation of the current
applied to an auxiliary deflection yoke to correct pincushion and/or
guliwing distortions, the prior art has developed a number of |

. techniques. Reference can be made to the foliowing United States

15 patents for examples of circuits intended to correct various forms
of pincushion and/or gullwing distortion: 4,642,530; 4,777.412;
4,668,897, 4,682,085, 4,687,972; 4,810,939; and, 4,827,183. These
prior art solutions {o the problem of correcting pincushion and

~ gullwing distortions rely on circuit elements such as tuned inductor

20- circuits, LC resonators, nonlinear compensating circuits and the

like. There is a need tc improve pincushion and gullwing correction
circuits whereby the effectiveness of correction is maximized,
while the number and complexity of the ccmponems needed are
reduced.

28 It is an aspect of the invention to compensate for both
pincushion distortion and gullwing distortion by modifying a
generally parabolic correction signal. In accordance with this
aspect of the invention, a generally parabolic correction signal is
produced by integrating a ramp signal at the horizonta! rate. The

" 30 integrated signal is fed back into the ramp generating circuit to

increase the siope of the sides of the parabola, preferably medifymg'

the ramp signal in inverse proportion to the parabolic correction
signal. The modified parabolic correction signal effectively
‘compensates for both pincushion and gullwing distortion.

35 It is another aspect of thé invention to correct gullwing
distortion at little additional cost, in terms of components and
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auxiliary deflection yoke at a | evel dependent on the particular
position of the scanning point of the electron beamin the raster

di splay. A correction signal can be appligg to a verti cal deflﬁﬁ%\ §§1 5
yoke to displace the scan |ines upwardly at the upper mddle o hi gs
raster, dowwardly at the lower mddle, and so forth, to correct

Nor t h- Sout h pi ncushi on distortion. The necessary waveshape of a
current applied to an auxiliary defl ection yoke that will correct
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cgmpensatnen in a raster dusp& y of a television apparatus. A

correction circuit generates a generally parabolic, horizontal rate
correction signal to correct for North-South pincushion distortion.
1o A gullwing compensation circuit is coupled- to the correction circuit
' and forms a feedback path therein for amplitude modilying the
correction signal te further correct for gullwing distortion. The
gullwing compensation circuit modifies the generally parabolic
signal as a function of itself, achieving an equilibrium condition.
1§ More particularly, the gullwing correction circuit amplitude
modifies the generally parabolic signal inversely to itself. A
vertical deflection circuit drives a vertical deflection coil with the
gullwing compensated correction signal.
In accordance with an illustrated embodiment, the correction
26 circuit comprises a ramp waveform generator having a controllable
current source generating a constant component of current for
pincushion correction and a variable component of current
responsive {o the feedback signal for guliwing compensation. The
variable component of current varies inversely to the feedback
25 signal, which is coupled in the feedback path tc the controilable
current source through an inverting amplifier. The output of the
inverting amplifier modulates the current supply to modify the
resulting shape of the parabolic signal to compensate for gullwing
distortion by increasing the slope of the parabola on both lateral
30 sides. |
~ FIGURE 1 is a diagram representing a raster dispiay
characterized by pincushion distortion.
FIGURE 2 is a signal diagram showing a parabolic correction
signal for correcting pincushion distortion.
38 FIGURE 3 is a diagram representing a raster dispiay

characterized by gullwing distortion.
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parabol as 34, 36 at anplitudes required for correction of the upper

and lower scan |lines of the raster, respectively. The shape of
-the parabola in the correction signal degermnes 20 the accqﬁ@gygggas
correction of the pincushion distortion. Dependi ng on the CRT and yoke
conbi nation, and the shape of a parabolic correction signal applied
thereto, a second formof distortion may occur in the raster. This,
distortion is known as gullw ng distortion ~and is shown schematically

by raster grid FIGURE! 4B sighak disgram Showingea pardbulic pincushi¢he
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auxiliary de I on I stortion he required
change is 84 {ﬂw&ﬂﬁtggﬁépﬁmhgtmmt ma%@@@%"%ﬁw@?ﬁ niagpect KL% n signal
cor r espondimgemiioh.t he 35 hunps of the distorted raster scan |ines, which

may be bilateragi@¥RE 7 is a detailed schematic diagiam of a circuit for
1o implementing a pincushion and guliwing correcting circuit according
to an aspect of the invention.
The raster display 20 shown in FIGURE 1 is distorted by North-
South or Top-Bottom pincushion distortion. Although the display
may be centered, the horizontal scanning lines of the raster are not
15 parailel. The horizontal lines are bowed inwardly toward the center
~ of the display by an amount which is greater for the lines at the top
and bottom, and lesser progressing toward the center. The bowed
lines have a parabolic or hyperbolic shape. The bowing can be
corrected by means of an auxiliary ,deﬂe'cﬁ@n yoke to which a
20 current is applied at a time varying level over a vertical interval as
shown in FIGURE 2. Only a small number of horizontal rate parabolas
are shown for purposes of clarity. In order to account for the
variation in the extent of bowing from the top or bottom of the
display toward the - center, the parabolic signal applied to the
25 auxiliary yoke for cancelling the bowing is modulated at the vertical
rate by a sawtooth wave producing a maximum amplitude at the
vertical center, and minimum amplitude at the top and bottom. The
top lines of the pincushion distorted raster bow downwardly and the
bottom lines bow upwardly. Accordingly, the polarity of the
30 parabolic signal is reversed at the center.
A residual error results when the parabola produced does not
precisely cancel the bowing of the horizontal scan lines, resulting in-
. guliwing distortion 22, shown in FIGURE 3. According to an aspect
the invention, circuitry used to produce a modified parabolic
35 corraction signal is arranged to change the normal pincushion
correcting parabola 42 to a medified parabola 44 for also correcting
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shown in FIGURE 3. Such a nodification of a parabolic correction

waveformis shown in FIGURE 4. The si des of the parabol a are ~nmodi fied to
have a st eeper slope than otherw se genergted in the parab éﬁﬁﬁ?
correcting pincushion distortion. Inasnuch as.the ext ent of g

distortion is greater at the top and bottomof the s raster and | ess
towards the center (the sane as pincushion

gullwing distortion.. The normal and modified parabolas 42, 44 are
shown in FIGURE 4. The result of applying the modified parabola is
the squared and linear raster 24 of FIGURE 5. The particular change
made to the normal parabola is a reduction in amplitude at both
5. sides of the raster at the area of the bilateral humps which are
shown in FIGURE 3. The corresponding alteration of the normal
parabola 42 is an increase in the slope of the parabola at both sides,
the normal and modified parabolas 42, 44 having the same values at
the endpoints and at the center, and the modified parabola 44 having
10 a reduced value between the center and the endpoints.
' The extent of guNwmg distortion is greater at the top and
bottom of the raster, and is reversed in polarity between the top and
the bottom, in the same manner as the pincushion distortion 20 as
shown in FIGURE 1. The compensation applied to the signal for
15 correcting the gullwing distortion can be applied prior to modulating
the correction signal with the vertical rate sawtcoth 38. Therefore,
the extent of guliwing correction and the pincushion correction are
both at a maximum absolute value at the top and bottom, and at a
minimum value at the center. The meodulated and compensated
20 correction signal is coupled to an auxiliary deflection ycke through a
vertical pincushion correction circuit, including for example an
output ampilifier for driving the auxiliary yoke at a current
proportional -to the level of the correction signal.
With reference to the block diagram of FIGURE 6, a parabola is
2s produced at the horizontal scan rate by producing a rising ramp at
-that rate, and integrating the ramp signal. A constant current
source 52, producing current Ipg, is coupled to an integrating
capacitor 60. The capacitor 60 is repetitively charged over the
horizontal scan line, and then discharged, for example by switching
3c means €2, upon triggering via the horizontal deflection or
synchronizing signals, producing a ramp signal Vgamp recurring at
the horizontal rate. The ramp signal at integrating capaciter 60 is.
‘coupled to an integrator 66 to produce a parabola output signa! Voyr.
| in accordance with an aspect of the invention, the guliwing
35 correction is obtained by feeding back the pincushion correcting
parabola to modify the ramp signal which is integrated to obtain the
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di stortion), the shape of. the parabola can be nodified before
podul ating the parabola by the vertical sawtooth, as di scussed above.

FIGURE 4 illustrates both a typical parabpla 42 for correcti NEhe 85 is:i?
| Wi ng

pi ncushi on distortion and a nodified parabola 44 for correcting o

di stortion. In order to produce the necessary conpensatlon of the
current . applied to an auxiliary deflection yoke to correct pincushi.on
and/ or gul lwing distortions, the"prior art has devel oped a nunber of

‘techni qufes pa?amw.nc@eh%@wmuh@@\aho fafl thewintegiior e88 38 dnverted via f
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ned 1 n uctor 20

gullwing distortions rely on circuit elenents such
Circuit8, LGVeHsR RIOHO "@Hom ithealevalnpttbat Gﬂﬁ'ﬁgﬂﬂﬂupﬁa li ke.

There is a gigfifhdd amrgummn AcCjtittion &8d séhléx/am@ ecaltrmt uv\gmundeél rcuits
wher eby thi eftect[px ess %@ ﬁ)rrectlonit ﬁm% t sobide mae nunber
and conpl extf RHI8G caRegiar ?eggﬁr@ﬁ‘ y
also be th@ught of as a controllable current source, having current
lpc as a constant component and current ipc as a variable component.
10 The effect of the variable current lac is such that the capacitor 60
is charged faster when the parabola at the output of integrator 66 is
at a minimum fevel, and more slowly when the parabola is at a
maximum. As a result, the siope of the parabola is made more steep
on both lateral sides than would otherwise be produced, and the
15 modified parabola 44 of FIGURE 4 is obtained. The component values
of the circuit are chosen such that the level of the parabola at the
top central point of the raster, at full amplitude, precisely cancels
the pincushion distortion. Guilwing distortion is minimized by the
variation in the shape of the parabola due to feeding back the
20 inverted parabola to control generation of the ramp. The integrating
capacitor 60 is charged at a rate modified as a function of the
instantansous level of the parabola.
FIGURE 7 is a circuit schematic for an embodiment of the
invention shown in block form in FIGURE 6. A current source 52 is
25 obtained by providing a constant voltage at the base of PNP
transistor Q1, for example by coupling the base of Q1 to a voltage
divider defined by resistors R1 and R2, connected in series between
- the positive power supply voitage and ground. A decoupling
capacitor C1 reduces ripple and/or high frequency components. The
3o emitter of Q1 is coupled to the positive voltage supply through a
resistor BR3. Q1 can be considered for the moment to conduct at a
constant rate, as the voitage drop across the emitter-base junction
is substantially .ﬁxed and a DC level is applied to the base by means
of the voltage divider defined by R1 and R2. The constant current
3s charges an integrating capacitor 60, namely capacitor C2, coupled in
parallel between the collector of Q1 and ground. An NPN transnstar
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R4 and RS, whereby Q2 is arranged to conduct briefly during the
horizcntal retrace, to discharge C2 and repeat a cycle at the
horizontal rate. The base of Q2 is preferably clamped to ground by
diode Di. The combination of the current source, integrating
capacitor and recurrent discharge switching means produces a
repetitive ramp voltage across integrating capacitor C2 at the
hortizontal rate. | |

The ramp voltage as produced at integrating capacitor C2 is
modified in a manner which will be explained in more detail
hereinafter to produce the waveform shown in FIGURE 7, namely a
modified ramp having a relatively reduced slope at a midpoint
thereof. . The signal at capacitor C2 is coupled 1o a follower
amplifier stage comprising PNP transistor Q3 and resistor R6. The
signal is then applied via an AC coupling capacitor C3 and series
resistor R7 to the integrator 66, with biasing resistor R8 coupling

~ the input to the positive supply.

The integrator 66 includes an operational amplifier U1, to
which the modified ramp signal is applied at the inverting input. A
feedback capacitor C4 is coupled between the output of the
operational amplifier and the inverting input, forming an integrating

amplifier. The integrating capacitor is discharged during the

horizontal retrace, for example by resistor R8. The operational
amplifier is coupled to a +12V supply through current limiting
resistcr RS and to a -12V supply through resistor R10.

The integrating amplifier produces a parabolic output
waveform as shown in FIGURE 7 at the output of operational
amplifier U1. This waveform provides an input to the vertical PIN

- {pincushion) correction circuit 92, wherein the parabolic waveform

is modulated by a ramp at the vertical rate, and reversed in polarity
for the bottom half of the raster, in a known manner as discussed
above. The resulting signal (shown in FEGURE 2) is ampiified via

ally

he

25 It is an aspect of the invention to conpensate for both

pi ncushi on distortion and gullw ng distortion by nodifying a ~ . gener
parabolic correction signal. In accordange with this -aspggt %%8%€e

i nvention, a generally parabolic correctfon signal is pr &b
‘integrating a ranp signal at the horizontal rate. The 30 integrated
si'gnal is fed back into the ranp generating circuit to I ncrease t

sl ope of the.sides of .the parabol a, preferably nodifying t he ranp
signal in G gl P YW HIngC mdind BRhathRgear e diséRarge inteyrafing The
nodi fi ed parabolic
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- 4 - assenbly. In accordance with this aspect of the invention; only
a ~ small nunber of circuit conponents are needed in addition to those

al ready used to produce the parabolic cor8ection signal neededC4i85,655
correcting pincushion distortion. 5 In accordance with these and

ot her aspects of the invention, a - circuit provides North-South

pi ncushi on correction and gul | wi ng conpensation in a raster display of a

bar abot i o, ABERoprpitter 94 TUEST ArBRGING % ot dor Fcive” AUKIRM h- South
pi ncushi on defiecticn oyokd 086 AYOL | wi ng conpensation circuit is coupled to ‘
odi 31 ng. the SPEYd dhe sﬂ%ﬁ.t%é@@é%ﬁ?ﬁ@é@% RNy e
di storti on. provided aiycapacitgr charging iat aiconsiant irats due galertal |y
parabolisC  oonghlitg tAfndisidt"Elf At fHe 'duthédt sBpRIY 82 G02BoREHEL 14l GUM
condi ti on. . .. . .
constant rate via voltage divider R1/R2 or the like, the resulting
parabola at the output of the integrating amplifier may not match
the pincushion distortion as accurately as needed to provide a
_ precisely square and linear raster 24 (FIGURE 5), instead producing
10 gullwing distortion 22 (FIGURE 3). According to the invention, the
parabolic signal at the output of the integrating amplifier 66 is
inverted and fed back to modify the ramp obtained at capacitor C2.
The inverted parabola is a signal which will modify the
charging rate of integrating capacitor C2 to thereby modify the
15 basic parabolic correction signal 42 to obtain increased slope at the
lateral sides of the waveform and to obtain gullwing correction as
needed at the lateral sides of the raster. The output of the
integrating amplifier 66 formed by operational amplifier U1 and
capacitor C4 is AC coupled to an inverting amplifier 72 via series
20 capacitor C8. Inverting amplifier 72 is embodied as an NPN
transistor Q4. The AC coupled output is coupled to transistor Q4
through resistor R11. The base of transistor Q4 is biased by
resistors R12 and R13. Resistors R14 and R15 set the gain for
transistor Q4. The inverted parabolic signal at the collector of Q4
25 as shown is AC coupled via series resistor R18 and capacitor C8 to
the emitter of transistor Q1, which is the source of current to
integrating capacitor C2. The emitter of transistor Q1 thus provides
a summing junction for a constant current source and a variable
current source, the latter being controlied by the inverted parabolic
so signal. Transistor Q4 provides a variable current affecting the
‘charging rate of capacitor C2, the variable current being inversely
proportional to the level of the parabolic correction signal.
| The charging rate of integrating capacitor C2 is relatively
greater during the portions of the horizontdl interval corresponding
3s lo the lateral sides of the raster, and relatively less during the
portion corresponding to the center of a horizontal scan. A modified
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15 .More particularly,-the gullwing correction circuit anplitude

nodi fies the generally parabolic signal inversely to itself. A verti cal
deflection circuit drives a vertical deftllection coil with thdCA 85§38l wi ng
conpensated correction signal. ' In accordance with an illustrated
enbodi ment, the correction 20 circuit conprises a ranp waveform generat or
having a control |l abl e current’ source generating a constant conponent

current - rashp baving A ieiakvely; Sakehad tnilartio; e, ReteRe QaRtdadtn.

-The | vshowh| in EOGURMENY af capaciior G2v | bipamintegedling dh}@mdﬁﬁédack 25
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curant soidiig: n6oHBsind cRbORE U Couiby i thesaBRIATS; uBfeGtion

i nverting YR i 98 dnraughl ﬂmspmecweggm elipyity92 canddeutputhamplifier

resul tighg ghaperipd ﬁmiﬁ%a@akﬁtﬁom gﬁé‘!{ﬁfdm‘? { fof %sﬁﬁél""ggiﬂwi%

di stortion i ncreasi ng the sl ope of e parabola on both | ate
aidtorl g P P

si des. _ @mFIGURE_l is a diagramrepresenting a raster display
characterized byheiparatiaiansignaldst the signal fed backKt6URe invertingsi gnal

di agram show-ige? &GS Yor’mictlidfing Mhe current source of Q1 acrording to
. ~ an aspect of the invention. - The circuit reaches an equilibrium
10 condition, balancing the effects of the constant component of the
current source and the variable component of the current source due
to the feedback signal, to obtain the modified parabolic waveform
shown in FIGURE 4. An effective pincushion and gullwing correction
apparatus is thus provided, with minimal complexity and additional
15 circuit elements as compared to a device for correcting pincushion
' distortion alone.
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Si gnal for correcting pincushion d“ﬂlulmllu"mlw“m FIGURE 3 is a

.di agram representing a raster displ ay ¢ ¢t chér atteri zed by gul I wing

di stortion. FIGURE ¢ is a signal diagreRCa @8 8852
par-abol i ¢ pi ncushi on correction signal over a single horizontal scan
I nterval apg4AT IS CLLAIMIBEY 8: nodi fi ed parabol i c waveshape for further
correcting gul lwing distortion in accordance with an aspect of the

i nvent i on. '

1. A circuit (10) for providing North-South pinicushion
correction and guilwing compensation in a raster display of a
television apparatus, having: a correction circuit (52,60,62,66)
for generating a generally parabolic, horizontal rate correction
signal for correcting North-South pincushion distortion,
characterized by:

a gullwing compensation circuit (54,72) c@upl@d as a
feedback path of said correction circuit (52,60,62,66) for
amplitude modifying said generally parabolic horizontal rate
.signal by a generally parabolic horizontal rate feedback signal to
define an equilibrium output signal (Voyt) for correcting said
pincushion distortion and gullwing distortion; and,

a vertical deflection circuit for driving a deflection coil
. {(96) with said equilibrium output signal (VoyrT)-

2. The circuit of claim 1, characterized in that said
equilibrium output signal {(Vout) is said feedback signal.

3. The circuit of claim 1, characterized in that said
correction circuit (10) includes a ramp waveform generator
(60,82) having a current source (52,54,56) generating a constant
component of current {lpg) for said North-South pincushion
correction and a variable component of current {lpc) responsive to
said feedback signal for guliwing compensation.

. 4. The circuit of claim 3, characterized in that said
feedback signal controls said variable component of current {lac)
inversely to said equilibrium output signal (Voyr).

‘5. The circuit of claim 1, characterized in that said
gullwing compensation circuit (54,72) comprises an inverting
amplifier (Q4).

8. The circuit of claim 1, characterized in that said
correction circuit includes a ramp generator (80,62), a
controliable current suppﬂly (52,54,56) for said ramp generator

" This Sheet Has Béen Relill
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5°-.. FI GURE_ B 1S 8.l representing a fully corrected raster.
-FIGURE 6 is amﬁi@mﬂ | gﬂggﬂjl agram of a pincushion and  gullw ng
correction ci nce with apgaspect of the |ﬁ@9ptq§9335 _
FIGURE 7 is a detailed schematic diagramof a circuit for 10 1nplenmenting
ahpi ncushi{60,62) apd lam mmatmc@s)g c?uméid tt@ggm{]%ﬁ@; gel@lefh%ﬁg ?:DECt of
the i nvent udhe Laster di ay . 0 _ E
di storted (F@T@%\r {Rf produc tﬁé‘%geﬂ%a t@%ﬂ?%@lﬁ&?oﬂafﬁbﬁ Br 1A, _
Al t hough ts&iddgefiwigg compawysation ecirenid deomiprises imﬁnaErM@nngng ||'n§is of
t he raster : |l b | t ' r wed i nwardly
t owar d thgr@gﬁﬁ(@f‘(@@ h%?mtﬁgrﬁil%qggogerégqgn%ﬁném%@?cq? ?@ﬁgreat er for the

lines at tHEQrair (66) andLHan: suipuingouplash topsaigh eontinllabieceerrent center.
The bowed supgl I'(sgpﬁgtlg@?, a parabolic or hyperbolic shape. The bow ng can
be correc?ed by neans of an auxiliary deflection-yoke to which a 20
current is applied at a tine varying |evel over a vertical interval as

shown i n FI GURE.2Thénlcjrcuits of| ¢laimnBerchdraotsrizedtial thﬁ; g;aﬁ?[%ﬂ@éﬁ@
e, Sroun s AR ° Sl Sl rRBEI 3RS Bhl A emiter
coupied to a supply voitage (+12V) of the circuit through a series
resistor (R3), and means (+12V,R1,R2) supplying a fixed voltage

at a base of the current supply transistor (Qt), said output of said
inverting amplifier (Q4) being coupled to said emitter to '
relatively increase a charging rate of said integrator (66) at a
beginning and end of each horizontal scanning interval.

, 8. A circuit for providing North-Scuth’ pincushion distortion
and gullwing compensation in a raster display of a television
apparatus, characterized by:

a controllable current source (52);

an integrating capacitor (C2) coupled to said controllable
current source (52) and operable to produce a ramp signal;

means (62) for discharging said capacitor (C2) and resetfting
said ramp signal during horizontal retrace;

an ‘integrator (66) having an integrator input coupled to said
ramp signal and an integrator ocutput, said integrator producing a

~ substantially parabolic signal (Voyrt) at said integrator output for

North-South pincushion correction, said integrator output being
coupled io a pincushion correction circuit {92); and,

an inverting amplifier (Q4) having an inverter input coupled
to said integrator cutput and an inverter output coupled for
controlling said current source (52} to modify said substantially
parabelic signal for guillwing compensation.

9. The circult of claim 8, further characterized by a current

supply transistor (Q1) having a preset DC voltage (+12V,R1,R2)
applied to a base thereof for producing a constant current {'oc).

)




di splay toward
auxi liary yoke_|{§g!
rate by a sawt 0oL HIY TH OGN g a maxigyym anpl i tude at the RCA 33133§| cal
center, and mni mum arrpl i tude at the top and bottom The top I'i nes of

the pi nCUS@m@mmoc@@ﬁ 9&%@%@@03‘@% diputagfdt e a supplpottom lines
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-0 nddear abol i c si'gnal applied to the 25
TR uﬁe bow ng is nodul ated at the vertical

par abol a produced does not preci sely cancel the bow ng of the _ .
hori zontal scan qg n t | shown in
FI GURE 3. Accor |@ng?ﬁe bﬁé&& bf‘% éﬁn 8, qq]ar&&vené@ iﬂ ﬂgiﬂ; E:gu ry used to

produce a Ho@arater &ﬁ@hﬂﬁ@ﬁﬁes@ﬂ mﬁa&?ﬂa@na@?@ﬁ@f (Y1 &rm@W@gdao change
the normal f@sdbaski eanacitor (C&Yrrecting parabola 42 to a nodified parabol a
44 for also correcting

11. The circuit of claim 10, characterized in that said ramp
signal is coupled to said input of said operational amplifier (U1}
through a follower amplifier (Q3).

12. The circuit of claim 8, characterized in that said
capagcitor (C2) is coupled to said integrator input through a
tollower amplifier (Q3).

13. The circuit of claim 8, characterized in that said
inverter input and said output of said integrator are AC coupled
{C8). :

14. A circuit for providing North-South pincushion
distortion and guliwing compensation in a raster display of a
television apparatus, characterized by:

a controllable current scurce (52,54,56);

an integrating capagcitor {60) coupled to said conirollable
current source and operable to produce a ramp signal;

means (82) coupled to said capagcitor for resetting said
ramp signal at a horizontal rate:

an integrator (66) having an input coupled to said ramp
signal and generating an output signal (Voyt) coupled to a
pincushion .correction circuit; and,

means (72) having an input coupled to said integrator (66)
output and an output coupled for varying said controllable current
source (52,54,56) tc modify said output signai (VoyT) to provide
gullwing compensaticn.

15. The circuit of claim 14, characterized in that said
controllable current source includes a current supply transistor
(Q1) having a preset DC voltage (+12V,R1,R2) applied tc a base

This Sheet Has Been R ﬁ}aced
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- g Gl ion. The normal and nodified parabol as 42, 44
- are shownﬂ | ip - result of applying the nodified parabola is
t he squared an ster 24 of RIWRE 5. The particul aRCHBEESS

made to the normal parabola is a reduction in anplitude at both 5 sides
of the ré4beesokhfor produsingfa wwonstantcareanth(fngs), vwiuh cemiiter coupladwn i n

FI GURE 3.4, Thei£6 ' i la 42 i
nor ease P oL MYGTRRT Buitue abl 1 Byl VorligTEhav), A0 T S A
modi f i ed Gedlesier Loupledstp waidngapaeiten t€)al ues at . the endpoints and

at the center, and the nodified parabola 44 having 10 a reduced val ue
between the c et and.t he, endpoi nt §. ._The, extept aof gullw ng
di stortion is%'e IH@ cértcutnnp?t %@njgﬁ Chaf@&ﬁ?@%@@f Iny ﬁéapasﬁﬁ r, and is
rever sed means| (72} yiobevanying t$midt cpntnadiable cuirenb@durce inciubdessame
mnner: asd NRvBHAY S Ahfiliee (€l4)! on 20 as

17. . The circuit of claim {4, characterized in that varying
said controliable current source (52,54,56) modifies said ramp
signal, which in turn modifies said output signal (VoyTt).

18. The circuit of claim 14, characterized in that said
means (72) for varying said controllable current source defines a
feedback path for modifying said output signal (Vgyt) as a
function of. itself, said output signal having a waveshape .
representing an equilibrium condition.

18. The circuit of claim -18,.characterézed in that said
output signal (Voyt) is modified as an inverse function of itself.




shown in FIGURE 1. The conpensation applied to.the signal for 15 g:
-correcting the gullw ng distortion;cah be:applied prior. to.nmodulating

the correction signal with the vertical rate saw ooth 38. Ther ef or e,

thé extent of gullw ng correction and the pincushion correction are

both at a maxi mum absol ute val ue- at t top and bottom and at a

m ni num val ue at the center. The nndﬂéiexiand conpensated 20 correction

signal is coupled to an auxiliary deflection yoke through a verti cal
pi ncushion correction circuit, including for exanple an out put
anplifier for driving the auxiliary yoke at a current proportional to

the Il evel of the correction S|gnal o the bl ock

Wth reference g4

di agram of FI GBRE_6 25 prod rﬂjegathe hor jZontal scan
rate by producv T . thatf tajey and iz lating the
ranp signal . Ar% sour ce 53 @a? A t‘uﬂT@ht_l[err]

is coupled to @ capaC|tor§ i e»Capicif o, /60 is
repetitively cif —Thd hori 3Tl el i ™4 #hd/t hen

di scharged, fol exaoplle hy sWitching 30 neans/t N{tipgering via

t he horizontal |d | synchrorfi z¢¥ng si M oduci ng a ranp
signal V[err] 1 t he hori zofit al ; si gnal at

)
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FIG.3 | | "PARABOLA
FIG.4




coupled to an integrator 66 to produce a parabola output signal V[err].
In accordance with an aspect of the invention, the gullwing-. 35 e
correction is obtained by feeding back the pincushion correcting
parabola to nodify the ranp signal which is integrated to obtain the

par abol a. The out put signal V[jerr] oi /tine i ntegrator 66 is inverted via
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an i,nverting anplifier 72, the output of which, V[err], controls a “},
varirabl e current source 54. The constant current |[err] f ROA t8F, 833

censtant current source and the variable current I[err] produced in 5

i nvérse proportion to the level of the correcting parabola are sunmed
-at a summing junction 56, for exanmplgbgtraddte ungrounded term nal of the

At ngfip?ﬁ e M SFoRtlde: Mo S VinppsbBe® Totfeddf DL ' °°
conponent &Nd guliméng cpepgnsation \ar aatastec ddipplayninf actelavisiost fect of the
variable cepbathtdd.cr i ddir ‘Afdut h@?@@@é 68] féharates'a charged

faster when araoaat e out put "'nte
mi ni nud | e@8Neraky’ rarabelie. Rorigrnial nea Qaﬁﬁﬁﬂﬂcémns signal to CQﬁ%trmm As a

‘result, thfyslgeghoSoltte mmaéﬁim'éasm%ﬁmm gmwang c@ ﬁga forl ateral

si des than_wo l.d par abol a 44 of

FI GURE 4 |§?§H{taﬁgg ’sﬁguﬁmgﬁe&fe@"@ﬂm cﬁrwﬂtt@@g # are chosen
such that féedbacle! path ttherem dool amplitede modifyimg ﬁ'@ﬂt@mtemmmt of the

[:i?gig;tlon d@l I?W t%ﬁéﬁt%&yﬁﬂﬁﬁe@s&éﬂpﬁge %@C&E‘m@ﬁ@on in the
shape Id} t Rompensaliandoircuit ampiigiaordifies the genersailydppeaboita to
control gegRjmdll P¥aQjr) 48 hafincticte dinitéen 2echibving an equilibrium
' condition. A vertical deflection circuit drives a vertical
deflection coil with the guliwing compensated correction signal.
- The correction circuit comprises a ramp waveform generator
15 (60,62) having a controllable curfent source (52,54,56)
generating a constant component of current {ipc) for pincushion
correction and a variable component of current (lac) responsive to
the feedback signal for guliwing compensation. The variable
~component of current (lac) varies inversely to the feedback
20 signal, which is coupled in the feedback path to the controllable
current source through an inverting amplifier (72). The output of
the inverting amplifier modulates the current supply (54) to
modify the resulting shape of the parabolic signal to compensate
for guliwing distortion by increasing the siope of the parabola on
25 both lateral sides. : ’ |
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gapacitor 60 i

I nst ant aneous | e\ﬁeb [ a. ' |
schemat.i ¢, for o YEW’[_ REETt he - inv ne Show i'n’ bl 6tk s A
Fi-GURE 6. A cu r nt -sour. ce s/ 25 obtaind] by.prioviding &. constant®, |
vol ttage "at thejb sé@fA 04 ; 'trar15| stor: (4, foi Lexa he "
base -of- Qt t0] ' diyi der defi ned/by resl stox '

connected’in the positive power supply voltage and §
ground. A dec ) capa itor Cl reduces-rippl-e-andlor i : i
frequency conponents The —3o—enitter of QL -i.s coupl-ed-to-the- pes+%+~e~
vol tage supply t

. can be considered for th
moment to condfdY é@ggﬂng COQREQ&E@@%}U&{)&E@W% EHE- VYO SGAMREY AN s s the
em tter-base junctiten inventionsredatest dat ital |fieidi abdiandisa idCcbaeelings

applied to theshassodin F%%%huon disiettidd8nVal A8, Hivpide! Jdaf jed by RL and

R2. The constan prr an inteqrating capacitor 60, nanely
capaci t or }Jﬁl i P pvevenhggr ﬁq’ﬁ@”f ngetd\ﬁgg“

EE"P’le collector of QL and
ground. Ans NPN tra{hsﬁgpm ically periect, square and linear raster paitern 24 is
shown schematically in FIGURE 5. Producing such a raster in a

television apparalus requires accurale scanning of the raster beam
at all points in the display. In a cplor CRT, a single scanning
electron beam normally produces the raster, and care is taken to
accuraiely deflect the electron beam to obtain the required pattern
Auxiliary deflection yokes may be employed in televisions having
large direct view CRTs and in projection televisions to correct
inaccuracies in scanning caused by circuit characteristics and by the
geometry of the projection surface. In rear projection television
seils, for exampie, three rasters are formed by individual
monochrome CRTs and are projected over one another onto a singie
screen to form the color image. The projecticn angles of the three
rasters cannot be identical because the projection sources are at
different positions relative to the projection axis. The resulting
geomelric distortions of the projected images cause misregistration
of the monochrome images. Moreover, the original rasters may not
be perfectly squared and linear due to the same geometric and
circuit considerations that apply to direct view television sets.
Distortion in a raster display can be caused by various
attributes of the deflection circuits, by the geometry of the
projection surface and by other factors. Various distortions occur
in most forms of television displays, and these must be corrected
- when controiling defiection of the scanning electron beam, in order
to obtain a squared, linear and properly registered display. '‘One form
of distortion of a raster is known as North-South or Top-Botiom
pincushion distortion. Typical uncorrected North-South pincushion
- distortion 20 is shown in FIGURE 1. This form of distortion may be
‘caused by a difference in position of the electron beam deflection
center{s} and the face plate curvature center {which may be at
15 nfinily for a flat CRT). Such pincushion distortion, and scme other
forms of distortion, can be corrected by appiymg_ current o an
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(P defines a switching neans 62 arranged to di scharge int egratl ng
capacitor C2 to ground, and is controlled by the horizo

circuit. The flyback pulse fromthe horizontal .def!lect

{oREPLACEMENT SHGET
'exanpl e, can be" coupled to 2 through series .and paral | d

gl
ahd R5, whereby @ is arranged t o conduct, briefly durind

eSTSToT's 5"N’R4 -
| tihe Ohtc
retrace,r to discharge C2 and repeat a cycqe at. the - o;ilrz@ﬁ‘tﬁpgoﬁP

base of @ is preferably clanped to ground by The conbi na{w c,
of the current source, integrating

swi t chi ng neans produces ‘a 10- repetitive rarrp voltage a -~mt€gratTTT§" -
capaci tor Caatiliahe deflection yoke at a level dependent on the particular '
position of the scanning point of the electron beam in tne raster
display. A correction signal can be applied to a vertical deflection
yoke o displace the scan lines upwardly at the upper middie of the
raster, downwardly at the lower middle, and so iorth, to correct
North-South - pincushion distortion.

The necessary waveshape of a current applied to an auxiliary
deflection yoke that will correct North-Scuth pincushion distortion
is a parabola recurring at the horizontal scan rate of the raster. The
parabola can be modulated in amplitude by a sawtooth recurring at
the vertical rate, so as to provide maximum correction of a given
polarily at the top of the raster; no correction at the center; and
maximum correction of the opposite polarity at the bottom of the
raster. A schematic representation of this correction signal is
shown in FIGURE 2, wherein a vertical rate sawtocoth 38 modulates a
parabola-shaped correction signal, and provides reversed polarity
parabolas 34, 36 at amplitudes required for correction of the upper
and lower scan lines of the raster, respectively.

The shape of the parabola in the correction signal determines
the accuracy of correction of the pincushion distortion. Depending
on the CRT and yoke combination, and the shape of a parabolic .
correction signal applied thereto, a second form of distortion may
oceur in the raster. This distortion is known as gullwing distortion
.and is shown schematically by raster grid 22 in FIGURE 3. The scan
lines at the top and the bottom of the raster have a larger radius of
curvature at the center than they do at the edges of the display.
When a parabolic correction signal is applied to correct pincushion
distortion, for example in the monochrome CRTs of a rear projection
apparatus, the top and botiom lines of the raster may be
inaccurately corrected, resuiting in this guliwing distortion.

it is possible to further correct distortion of the raster by
modifying the current applied to the auxiliary defiection yoke to
cancel gullwing distortion. The required change is a reduction in the

 absolute value of the correction signal corresponding with the
humps of the distorted raster scan lines, which may be bilateral as
shown in FIGURE 3. Such a modification of a parabolic correction
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kori zontal rate.
capacitor C2 is

The ranp voltage as produced at
modified in a manner which will be expl

Al |
det ai | herei nafter to- produce the wavef orm shown in FI GQRE -7 4 N
15 nodified ramp having .a rel atlvely reduced slope at a ni ip in@
thereof . The signal at capamtor C2 is coupled to .a fol I ower u..puner :
stage . corrprl sing PNP transistor - Q@ and résistor R6. The

o S|gnal is th
appl i ed via an AC coupl i ng capaci tor c3 and series . reth he
integrator 66, with birasi ng riésistor. R8 coupl.i ng 20 .the i nput to.the -

positive suppl y. - The integrator. 66 incl udes an oper at i onal

i f £ied t th
rert) o | aabSioqm is WRpglh ILR/EDME | £1 ATRAOBRnd S PRBLSRE LU0 L
of the ppstitied o@ahaaﬁrp&|$t?§99hr$&0@%éhaﬂv@mfﬁ%sﬁ generaesr if ke an

I Et egrati Rg ééwawlal idd ebrretiifg piRUSAidMAiisRPESH! OlndsmdLhchanged durl ng
t he orizont.a

arrpl ifier i seé( KI 8& 3%@%19{’7?@%;@@'@?% %gu%t om&@? Q)%r%gj’or‘(? &t |”(,1)nal
resi stor RO &aaglerocand-lesy OWRASO§ &hler §9§t€fr@ EsP@meRras. pmcushmn The
integrating iplokfid®y, theodHESE & WP gharabelxdWaPlUbe modified belore
m'oduhatﬁng the parabola by the vertical sawtooth, as discussed
above. FIGURE 4 illustrates both a typical parabola 42 for correcting
 pincushion distortion and a maodified parabola 44 for correcting
1o gullwing distortion.
in order to produce the necessary compensation of the current
applied to an auxiliary deflection yoke to correct pincushion and/or
guliwing distortions, the prior art has developed a number of
technigues. Reference can be made to the following United States
patents for examples of circuits intended to correct various forms
of pincushion and/or gullwing distortion: 4,842,530; 4,777 ,412;
4,668,897; 4,682,085; 4,687,972; 4,810,839; and, 4,827,193. These
prior art solutions to the problem of correcting pincushicn and
gullwing distortions rely on circuit elements such as tuned inductor
circuits, LC resonators, nonlinear compensating circuits and the
like. There is a need to improve pincushion and gullwing correction
circuits whereby the effectiveness of correction is maximized,

while the number and complexity of the components needed are
reduced.

15

20

25 It is an aspect of the invention to compensate for both

pincushion distortion and guliwing distortion by medifying a
generally parabolic correction signal. In accordance with this
aspect of the invention, a generally parabolic correction signal is
produced by integrating a ramp signal at the horizontal rate. The
integrated signal is fed back into the ramp generating circuit to
increase the slope of the sides of the parabola, preferably modifying
the ramp signal in inverse proportion to the parabolic correction
signal. The modified parabolic correction signal effectively
compensates for both pincushion and guliwing distortion.

It is another aspect of the invention 1o correct gullwing

distortion at little additional cost, in terms of components and

30
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80 waveformas shown in FIGURE 7 at the output of -at hORdlur auer

Ul. This waveform provi des an inpulto to th p%?ﬁgﬁ’ﬁ‘gl Tiii!“%’*?
(pincushion) correction circuit 92, -wherein the pardbglic waveform .
hodul'ated by a ranp at- the vertical. rate, .and rever sed
for the bottomhalf of the raster,

‘above. .The resul ting signal .(shown:in FIGURE 2) i.s gnplified via

anplifier

20

25

3¢

as

in a knpwn- manner] gs di scussed- 35

assembly. In accordance with this aspect of the invention, only a
smaill number of circuil componenis are needed in addition to those
already used Yo produce the parabolic correction signal needed for
correcting pincushion distortion.

In accordance with these and other aspects of the invention, a
circuit provides North-South pincushion correction and gullwing
cempensaubn in a raster display of a lelevision apparatus. A
correction circuit generales a generally parabolic, horizontal rate
correction signal to correct for North-South pincushion distortion.
A gullwing compensation circuit is coupled to the correction circuit
and forms a feedback path therein for amplitude modilying the
correction signat to further correct for gullwing distortion. The
gullwing compensation .circuit modifies the genéranﬂy parabolic
signal as a function of itself, achieving an equilibrium condition.
More particularly, the gullwing correction circuit amplitude

- modifies the generally parabolic signal inversely to itself. A

vertical deflection circuit drives a vertical deflection coil with the
gullwing compensated correction signal.

in accordance with an illustrated embodiment, the correction
circuit comprises a ramp waveform generator having a controliable
current source generating a constant component of current for
pincushion correction and a variable component of current
responsive to the feedback signal for gullwing compensation. The
variable component of current varies inversely to the feedback
signal, which is coupled in the feedback path io the conirollable
current source through an inverting amplifier. The output of the
invénﬁn amplifier modulates the current supply to modify the
resuiting shape of the parabolic signal to compensate for guliwing
distortion by increasing the siope of the parabola on both lateral
sides.

FIGURE 1 is a diagram representing a raster display
characterized by - pincushion distortion.

FIGURE 2 is a signal diagram showing a parabolic correction
signal for correcting pincushion distortion.

FIGURE 3 is a diagram representing a raster display
characterized by gullwing distortion.
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SN
autput anplifier 94 (U2), producing a current to drivd REWHGEEMJ
defl ection yoke 96 (Y1). Shoul d the circuit jbe nged such that
a.snmpoth ranp is provi ded at capacitar C2 by charging gt m;go@%a tl
rate due only to 5 controlling transistor Q1 of the curr: #{ Supply 52 1ito . .

conduct at-a =~ ~constant rate.via voltageedivider Rl/R2 . LG thze
~resulting . - parabola at .the output of the integrating anplifier. my, not
mat ch " the pincushion distortion. as.accurately as ne TO-provi de a

preci-sely square and 1inear raster 24 (FlIGURE 5), ‘i nstead produci.ng 10
gul I wi ng distortion 22 (FIGJRE 3). According to the invention, the

parabol i ¢ signal aFlGHd&ouk puta &ign2h«liagtasgrshawiggaamarabehc ndushion

i nverted and tedretik tRyAMdbler heikdBPheAkahEds@dn GARAGAL OXnd2.
The inverted parahola is

of integratind ¢H4RNE taorm%gﬁi%ﬁ]?é%r\lé%wgn%%v:e ggcﬂi[gf {ont ?@Q@% c&%?%{j Iglng rate
correction si @uiliwing distemioa in | aesardesseswilpe ant ashect of tHeairereamitiosi.des of
the waveform and t ¢riGRIRENS Gyl hVHiBgr&@r FEHESBALAS a fully NRAFRIedlrablls |
| at eral sides of ”ﬁﬁbﬁée . Th% Bg%ﬁl{ﬁt ﬁﬂfockh(%a o o) eﬁgr aé| ng anp)ifier
66 formed by oper atf aérd?l%lg Sn gL Bt BrPIRGUSUSAEN D U p) ed
to an inverti rguibmipgi toeecti2nvcicedr ineaiccordance with an aspect of the
invention.
FIGURE 7 is a detailed schematic diagram of a circuit for
10 implementing a pincushion and gullwing correcting circuit according
to" an aspect of the invention. '
The raster display 20 shown in FIGURE 1 is distorted by North-
South or Top-Botiom pincushion distortion. Although the display
may be centered, the horizontal scanning lines of the raster are not
1s parallel. The horizontal lines are bowed inwardly toward the center
of the display by an amount which is greater for the lines at the top
and bottom, and lesser progressing toward the center. The bowed
lines have a parabolic or hyperbolic shape. The bowing can be

corrected by means of an auxiliary deflection yoke to which a

20 current is applied at a time varying level over a vertical interval as
shown in FIGURE 2. Only a small number of horizonta! rate parabolas
are shown for purposes of clarity. In order to account for the
variation in -the extent of bowing from the top or botlom of the
display toward the center, the parabolic signal applied to ‘the

25

auxiliary yoke for cancelling the bowing is modulated at the vertical
rate by a sawtooth wave producing a maximum amplitude at the
vertical center, and minimum amplitude at the top and bottom. The
fop lines of the pincushion distorted raster. bow downwardly and the
bottem lines bow upwardly. Accordingly, the polarity of the

30 parabolic signal is reversed at the center.

A residual error results: when the parabola produced does not
precisely cancel the bowing of the horizontal scan lines, resulting in
gullwing distortion 22, shown in FIGURE 3. According to an aspect
the invention, circuitry used to produce a modified parabolic

3s correction signal is arranged to change the normal pincushion
corracting parabola 42 to a modified parabola 44 for also correcting



20 capacitor C6. Inverting anplifier 72 is enbodied as._an.NRN

transi stor Q4. The AC coupl ed output is coupled t§ Rfﬁmrmm ‘I&[FT
t hrough resistor R11l." The base -of transistor Q4 i Fased-by rgsistors..

R12 and R13. Resistors R14 and R15 set t'he gain f__r?v t or Q4 ‘The
E{ 4 M&ﬁ%ﬁ AL

i nyerted parabolic si'gnal at the col | ector of (O »
coupled via series resistor R16 and capaci®or C8 ‘ the.enmiftér of
transi stor -Ql, which is the source of current to 1 .integrating-} :
capacitor C2.. The emitter of transistor QL thus priovi-des e=sumi ng- -
junction for a constant current source and a variable current source,

ol ooyl i e et Rl ot Dok
of capacitor é% SWH ?&éuﬁé cuﬂl’%rﬁesiﬂ@ Fa?ﬁ@ﬂﬁ%iﬁ‘? modﬁaedpp@r@p?

g dhal to
the level of the Jemaaed| and dioeaecabter 24 pfaFiGURE 5. The paﬂ‘aueutalna@&mﬂ@ rate
of integrati ngn&é@%' 11 r@rda‘# é&’a%b!é’%ya weductn@ﬁ %ﬁt i"n Eﬁb@%port i ons
of the horlzont@ \pgt rval correi ¢ %& es aof the
raster, and réelaEs § fasteq,a %t?‘i@a of Hhe @ﬁe&%

e
HF‘TP&MW €t o the
center of a hahorontial FISIARE A. ndthef cemtespondmg alteration of the narmal

parabola 42 is an increase in the slope of the parabola at both sides,

the normal and modified parabelas 42, 44 having the same values at

the endpoints and at the center, and the modified parabola 44 having
tc a reduced value between the center and the endpoints.

The extent of gullwing distortion is greater at the top and
bottom ‘of the raster, and is reversed in polarity between the top and
the bottom, in the same manner as the pincushion distortion 20 as
shown in FIGURE 1. The compensation applied to the signal for
correcting the gullwing distortion can be applied prior to modutating
the correction signal with the vertical rate sawtooth 38. Therefore,
the extent of gullwing correction and the pincushion correction are
both at a maximum absolute value at the top and bottom, and at a
minimum vaiue at the center. The modulated and compensated
correction signal is coupled to an auxiliary deflection yoke through a
vertical pincushion correction circuit, including for example an
output amplifier for driving the auxiliary yoke at a current
proportional to the level of the correction signal.

With reference to the block diagram of FIGURE 6, a parabola is
produced at the horizontal scan rate by producing a rising ramp at
that rate, and integrating the ramp signal. A constant current
source 52, producing current Ipg, is coupled to an integrating
capacitor 60. The capacitor 60 is repetitively charged over the
horizonta! scan line, and then discharged, for example by switching
means 62, upon triggering via the horizontal deflection or
synchronizing signals, producing a ramp signal Vgamp recurring at
the horizontal rate. The ramp signal at integrating capacitor 60 is
coupled to an integrator 66 to produce a parabola output signal Voyr.

in accordance with an aspect of the invention, the gullwing
correction is obtained by feeding back the pincushion correcting
parabola to modify the ramp signal which is integraled to obtain tha

i8
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Fanmp having a relatively flattened midportion is t hereby obtained, as

shown in FIGQURE 7 at capacitor C2. Upon |ntegrat| n
the resulting parabola as coupled to the auxili ak
'through the PIN correction circuit 92 and out put
nmodi fi ed parabolic waveformcorrects for

y RABIACEVENBrE EE
arpp+-1-ﬁ"éf""5' 94? The

resi dual | rtion..
The parabola signal is the signal fed back to the mvg\xt?'ﬁ @98 inﬁl i fier

of 4 for
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nodul ating the current ‘source dt accipr

5 arsrsr

The output signa! Vgyt of the integrator 65 s inverted via

an inverting amplifier 72, the.output of which
variable current source 54.

parabola.

. “Vouyrt. controis a
The constant current Ipg from the
constant current source and the variable current ipg produced in
inverse proportion to the level of the correcting parabola are
summed at a summing junction 586, for example at the ungrounded
terminal of the integrating capacitor 60.. The current source may
also be thought of as a controllable current source, having current
ipc as a constant component and current Igg as a variable component
The effect of the variable current ipg is such that the capacitor 60
is charged faster when the parabola at the output of integrator 66 is

a! a minimum leve!l, and more slowly when the parabol

ais at a
maximum. As a

result, the slope cf the parabola is made more steep
on both lateral sides than would otherwis® be produced, and the
modified parabola 44 of FIGURE 4 is cbtained. The component values
of the circuit are chosen such that the level of the parabola at the
top ceniral point of the raster, at full amplitude, precisely cancels
the pincushion distortion. Gullwing disiortion is minimized by the
variation in the shape of the parabola due to feeding back the
inverted parabola to control generaticn of the ramp. The integrating
capacitor 60 is charged at a rate modified as a function of the
instantanecus level of the parabola.

FIGURE 7 is a circuit schematic for an embodiment of the
invention shown in block form in FIGURE 6. A current source 52 is
obtained by providing a constant voltage at the base of PNP
transistor Q1, for example by coupling the base of Q1 to a voltage

divider defined by resisters Rt and R2, connected in series between

the positive power supply voltage and ground. A decoupling
capacitor C1 reduces ripple and/or high frequency components. The
emitter of Q1 is coupled to the positive voltage supply through a
resistor R3. Q1 can be considered for the moment to conduct at a
constant rate, as the voliage drop across the emitter-base junction
is substantially fixed and a DC level is applied to the base by means
of the voltage divider defined by R1 and R2. The constant current
charges an integrating capacitor 80, namely capacitor C2, coupled in
paraliel between the collector ot Q1 and ground. An NPN transistor



an aspect of the invention. The circuit reaches an equilibrium10

condition, balancing the effects of the constant'coqﬁ' .EAC@ﬁ qhgyt
current source and the wvariabl e conponent of the cury

. to
the feedback signal, to obtain the .nodified parabolif. vvaveform i wn in
FIGURE 4. An effective pi ncushi on and guli 8i-ng corrept]ofé4 AUGaWﬁ s is
t hus provided; with mni.mal conplexity and additional 5 circuit elﬂentent S

as conpared to a device.for correcting pincushi.on- distortion al one
VWHAT IS CLAIMED | S: ' : .

Q2 delines d switching means 62 arranged to dschawge nmegramg
capacitor C2 > ground, and is controlled by the horizontal deflection
circuit. The flyback pulse from the horizontai deflection circuit, for
exampie, can be coupled to Q2 through series and parallel resistors
R4 and R5, whereby Q2 is arranged to conduct briefly during the
horizontal retrace, to discharge C2 and repeat a cycle at the
horizontal rate. The base of Q2 is preferably clamped to ground by
dicde D1. The combination of the current source, integrating
capacitor and recurrent discharge switching means produces a

10 repetitive ramp voltage across integrating capacitor C2 at the
haorizontal rate.
The ramp voltage as preduced at integrating capacitor C2 is
modified in a manner which will be explained in more detail
| hereinafter to produce the waveform shown in FIGURE 7, namely
15

modified ramp having a relatively reduced slope at a midpcint
thereof. The signal at capacitor C2 is coupled to a follower
amplifier stage comprising PNP transistor Q3 and resistor R6. The
signal is then applied via an AC coupling capacitor C3 and series
resistor R7 to the integrator 66, with biasing resistor R8 coupling
20 the input to the positive supply.
The integrator 66 includes an operational amplifier U1, to

which the maodified ramp signal is applied at the inverting input. A

feedback capacitor C4 is coupled between the output of the

operational amplifier and the inverting input, forming an integrating
25 amplifier. The integrating capacitor is discharged during the

horizontal retrace, for example by resistor R8. The operational
amplifier is coupﬂed to a +12V supply through current limiting
resistor R9 and t0 a -12V supply through resistor R10.

The integrating amplifier produces a parabolic output
waveform as shown in FIGURE 7 at the output of operational
amplifier U1. This waveform provides an input to the vertical PIN
{pincushion) correction circuit 92, wherein the parabolic waveform
is modulated by a ramp at the vertical rate, and reversed in polarity
for the bottom half of the raster, in a known manner as discussed
35 above. The resulting signal {shown in FIGURE 2) is amplified via

30



1. Acircuit (10) for providing North-South pincus cm A€ Qe @ﬁtian%
gul I wi ng conpensation in a raster display of a teleyi

i Sl.op-—-appafratty, |
~having: a-correction circuit (52,60, 62, 66)- for geneyaf

ing a ralil yi . .
“parabolic, horizontal rate correction signal for, cofr nct‘!l|4h u%o@é h-
plncushlon distortion, characterized by: % ~a gullwng connen:arj

circuit (54,72) coupled as a f eedback pat h ‘of said ‘orrectlon circuit
(52, 60,62,66) for anplitude nodifying said generally.

rate S|gnal by a generally parabolic horizontal rate feedback signal to
define an ‘equilibriumoutput signal (V[err]) for correcting said pincushion
di stortion amitgul lasplifiel Sto{URnproduding a curremtvier diriwal adefibest i on

circuit for a I coil (96) with said equilibrium output
signal (V[err Q{MC%“ y6Ré %141\91’) it of clajm

characterized in that
Sl cqur T bt umSTAU NG giravit (e GTANgac SRRl R BIRROS: tirap is

I
provided at capacitor C2 by charging at a constant rate due only to

controlling transistor Q1 of the current supply 52 to conduct at a-
constant rate via voltage divider R1/B2 or the like, the resulting
parabola at the output of the integrating amplifier may not match
the pincushion distortion as accurately as needed ¢ provide a
precisely square and linear raster 24 {(FIGURE 5}, instead producing
19 gullwing distortion 22 (FIGURE 3). According to the invention, the
parabolic signal at the output of the integrating amplitier 66 is
inverted and fed back to medify the ramp obtained at capacitor C2.
The inverted parabola is a signal which will modify the
charging rate of integrating capacitor C2 to thereby modify the
basic parabolic cotrection signal 42 to obtain increased slope at the
lateral sides of the waveform and to obtain gullwing correction as
needed at the lateral sides of the raster. The output of the
integrating amplifier 66 formed by opsrational amplifier Ut and
capacitor C4 is AC coupled to an inverting amplifier 72 via series
20 capacitor C6. Inverting amplifier 72 is embodied as an NPN
transistor Q4. The AC coupled output is coupled to transistor Q4
through resistor R11. The base of transistor Q4 is biased by
resistors R12 and R13. Resistors R14 and R15 set the gain for
transistor Q4. The inverted parabolic signal at the collector of Q4
"as shown is AC coupled via series resistor 816 and capacitor C8 to
the emitter of transistor Qfi, which is the source of current to
integrating capacitor C2. The emitter of transistor Q1 thus provides
a summing junction for a constant current source and a variable
current source, the latter being controlled by the inverted parabolic
so signal. Transistor Q4 providés a variable current affecting the
' charging rate of capacitor C2, the variable. current being invérsely
propartional to the level of the parabolic correction signal.
The charging rate of integrating capaciior C2 is relatively
greater during the portions of the horizontal interval corresponding
3s o the lateral sides of the raster, and relatively less during the
portion corresponding to the center of a horizontal scan.

tal -
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3. The circuit of claiml, characteri zed in that sail

g LRLt ) OQ_!.“_' reuit
(10) includes a ranp waveform generator (60,62) ha ir%: “edrrent._squice.
.(52,54,56) generating a constant ‘conponent of currgnt} (I[err]) for {sdid

Nor t h- Sout h pi ncushion correction and a variabl e cdnpongdt AUE 996ér dnt

(I[err]) responsive to "said feedback siggal”for gul{w ng conpensatijor.
4. The circuit of claim3, characterized in that saiyd ~—feedback sIgndl
controls said variable conponent of current (I[err]) i nversely to. sdid

equilibriumoutput signal (Verr]). . 5. The circuit of claim1,

characterized in that said gullw ng conpensation circuit (54,72)
conpri ses anrampehaving a aej@ltivelwrflai®ed midporlionsis Therebiyr oblained, @sai m

1, characterigsgniin Fhabraid at Saidiehi QR Clufad Embgfdm $ig hatRied
generator (60,82 nd reSAlhGChbadbdiaCts SOlpREPR) Yink>duRllang adificidd ¢ "3
gener at or ' .
' yoke 96 through the PIN correction circuit 92 and oulput amplifier
s 94. The modified parabolic waveform corrects for residual gullwing
distortion. _ , '

The parabola signal is the signal fed back o the inverting
amplifier of Q4 for modulating the current socurce of Q1 accerding to
an aspect of the invention. The circuit reaches an equilibrium

10 condition, balancing the effects of the constant component of the

' current scurce and the variable component of the current source due
to the feedback signal, to obtain the modified parabolic waveform
shown in FIGURE 4. An effective pincushion and guliwing correction
apparatus is thus provided, with minimal complexity and additional

15 circuit elements as compared to a device for correcting pincushion
distortion alone.



(60,62) and an integrator (66) coupled to said ranp generator (60,62) for
produci ng said general |y horizontal rate parabola; and, sai d guI | wi ng

conpensation circuit ‘conprises an inverting anpli f Mlmw * ‘,! I nput
coupl ed to an output of said integrator (66) and a 4] Tw e@tlt 0 said’
controllable current supply (52, 54,56). .

characterized in that said current supply includes a current supply

7. THe E&irtuit ¢l aim 6,
transistor (QWHhIVISQLAMMED #S:er coupled to a supply voltage (+12V) of the
circuit through a series

1. A circuit {10) for providing North-South pincushion

correction and gullwing compensation in a raster display of a
television apparatus, having: a correction circuit (52,60,62,66)
for éenerat‘mg a generally parabolic, horizontal rate correction
signal for correcting North-South pincushion distorticn,
characterized by:

a gullwing compensation circuit {54,72) coupled as a
feedback path of said correction circuit {52,60,62,66) for
amplitude modifying said generally parabolic horizontal rate
signal by a generally parabolic horizontal rate feedback signal to
define an eguilibrium output signal {(Vgoyyt) for correcting said
pincushion distortion and gullwing distortion;. and,

a vertical -deflection circuit for driving a deflection coil
{96) with said equilibrium output signal (Voyrt).

2."'§:he circuit of claim 1, characterized in thai said
equilibrium cutput signal (Voyut) is said feedback signal.

3. The circuit of claim 1, characterized in that said
correction circuit (10) includes a ramp waveform generator
{60,62) having a current source (562,54,56) generaling a constant
component of current (Ipg) for said North-South pincushion
correction and a variable component of current (lac) responsive to
said feedback signal for guilwing combensaﬁon.

4. The .circuit of claim 3, characterized in that said
feedback signal controls said variable component of current {isg)
inversely to said equilibrium output signal (Vourt).

5. The circuit of claim 1, characterized in that said

gu%wmg compensation circuit (54,72) comprises an inverting
amplifier {Q4).

8. The circuit of claim 1, characterized in that said
correction circuit includes a ramp generator (60,82}, a

rontrollable current supply (52,54,58) for said ramp generator
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v e

resi stor (R3), andineans®(+12V, Rl, R2), supplying a fi xed’vcrIT////e
of the current sup'f_ly transi stor (@L)}, said output of j < Chedl st RRRL m
anplifier (Q4) being jcodal A6t Wa% emtter to relati j@‘@“

charging rate of sajd integrator (66)] at a begi nning ants

hori zontal scanning i ATervar. 8. Acircuit for providing
Nor t h- Sout h pi ncus

on distortion d gutk®i-ng conpensation in a raster
di splay of a television apparatus, characterized by: a controll abl e

current sour cd60g38} and an irdagraipedPli iGpRIEEalE SIS remP esaeraleTto said
control | abl e {g@r&2Ntios Prodaciry)sai dgoneraily totiRoplaidune Bafayiila Siagaal ;
R AR T e o
integrator i npapEBapI{E) bavimadan inpws coupiad hanapulpitedt saisr out put
sai d i nt egr at Oint@gRAYE|(88) 3and SalSs@pit abdyplear epoldia shamghadiy Qidba at
sai d integratof, é}g@ptﬁ f@& eayNOr t h- Sout h pi ncushi on correction, said

i nt egrator out%ﬂ ei 8 'C’(?L)ipl ed to a pincushion correction circuit (92);
and, :

2

7. The circuit of claim 6, characterized in that said current
supply includes a current supply transistor {Q1) having an emitter
coupled to a supply voltage {(+12V) of the circuit through a series
resistor (B3}, and means (+12V,R1,R2) supplying a fixed voltage
at a base of the current supply transistor {Q1}), said output of said
inverting amplifier {(Q4) being coupled to said emitter to
reflatively increase a charging rate of said integrator {68} at a
beginning and end of each horizontal scanning interval.

_ 8. A circuit for providing North-South pincushion distortion
and gullwing compensation in a raster display of a television
apparatus, characterized by:

a controllable current source (52);

an integrating capacitor (C2) coupled. to said controliable
current source (52) and operable to produce a ramp signal;

means (62) for discharging said capacitor (C2) and resetting
said ramp signal during horizontal retrace;

an integrator (66) having an integrator input coupled to sald

ramp signal and an integrator output, said integrator producing a
substantially parabolic signal (Voyt) at said integrator output for
North-South pincushion correction, sald integrator output being
coupled toc a pincushion correction circuit (82); and,

an inverting amplifier {(Q4) having an inverter input coupled
to said integrator output and an inverter output coupled for
controlling said current source (52) to medify said substantially
parabolic signal for gullwing compensation.

8. The circuit of claim 8, further characterized by a current
supply transistor (Q1) having a preset DC voltage (+12V.R1,R2)
applied to a base thereof for producing a constant current {ipci.



an-inverting amplifier () having an inverter input coupl ed to said
integrator output and an inverter output coupled ’ng said
current source (52) to nodify said substantially . 0

for
gul | wi ng conpensat i on. 9. The circuit of g e
characteri zed by a current supply transistor ( 1 preset DC
vol tage (+12V, Rl, R2)

applied to a baseltdhereof for produm ng a constant

current (l[err]). an emtter coupled to said inverting output and
to a supply @an emitter coupled to said inverting output and to a supply

oltage {+12V), and a collector coupled tc said capacitor {C2).

10. The circuit of claim 8, characterized in that said
integrator (66) includes an operational amplifier (U1) having a
feedback capacitor {C4).

11. The circuit of claim 10, characterized in that said ramp
signal is coupled to said input of said operational amplifier (U1}
through a follower amplifier {Q3).

- 12. The circuit of claim 8, characterized in that said

capacitor (C2) is coupled to said integrator input through a
~ follower amplifier (Q3).

13. The circuit of claim 8, charaéterized_ﬁn that said

inverter input and said output of said integrator are AC coupled
. {C8).

4. A circuit for providing North-South pincushion
dasmmon and gullwing compensation in a raster display of a
television apparatus, characterized by:

a controllable current source (52,54,56);

an integrating capacitor (60) coupled to said controilable
current source and operable to produce a ramp signal;

means (62) coupled to said capacitor for resetting said
ramp signal at a horizontal rate; :

an integrator (66) having an input coupied to said ramp
signal and generating an output signal (Voyt) coupled to a
pincushion correction circuit; and,

means {72) having an input coupled to said integrator (66)

" output and an output coupled for varying sald controliable current

source (52,54,58) to modify said output signal (Voyrt) to provide
guliwing compensation.

18. The circuit of claim 14, characterized in that said
coniroliable current source includes a current supply transisior
{Q1) having a preset DC voltage (+12V,R1,R2) applied to a base
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vol tage (+12V), and _a collector coupled to said capacitor (C2). 10.
The circuit of claim8, characteri Zed in that said.int egrator.. (,”6,6).,_1,,,nc| udes

fhe ei rou ¢ of cidl Iﬂ!!&llllllﬂllllﬂﬂlf‘ﬁeﬁTﬁei’ﬁifksé?‘éa?;ig a0 15 chupl e

wsigna) is coupl ed
to said input of sa&i dtopkralidhal® anplifyer (U1) t hr-ough-a- F-ol--ower—
anplifier ((B). 12. The circuit of claim8, characterized in that
sai d capaci therepCApri grotiugimeda tenresiaat |cmntrmma( gic)i rautentitieo ugdugdediol | ower
anplifier ((8) t, of t zed in that
said i nvertgérgaiq% mvemrﬁsoaa{ Q& dc% %%“é’?’f ‘!Bl*%greg“{’??% g&é\@ coupl ed

(Ch) . coﬂneczor coupled to saed capacutor

16. The circuit of claim 14, characterized in that said

means (72} for varying said controliable current source includes
an inverting amplifier (Q4).

17. The circuit of claim 14, characterized in that varying.
said controllable current source (52,54,56} modifies said ramp
signal, which in turn modifies said output signal (Voyt).-

18. The circuit of claim 14, characterized in that said
means {(72) for varying said controllable current source defines a
feedback path for modifying said output signal (Vout) @s a
function of itself, said output signal having a waveshape
representing an equilibrium condition.

19. The circuit of claim 18, characterized in that said
output signal (Voyt) is modified as an inverse function of itseif.

Tl



14. A circuit for providing North-South pincushion distortion and gullw ng
conpensation in a raster display of a television apparatus, characterized

by: a controllable current source (52,54, 56); an integrating
capacitor (60) coupled to said controllable current spuree-and-operable to
produce a ranp signal; means (62) cg$pled to saj OiiCapaciit orS fBREN
resetting said ranp signal at a hori.zontal rate; abPhi&gr at or

(66) having an input coupled to said ranp si gnal and™generatinygan out put
signal (V[err]) coupled to a pi ncushi on correction circuit; and,

neans (72) havi NBIBCUSHDONR CORRECTION SERCUIPIEHRRtQiL(WAe c&ﬁ@%&%?“

out put coupled for varying said controllable current.  source ( ,

to nodify said output signal (V[err]) to provide gul | wi ng conpensati on
15. The circuit of claim 14, characteri z%n t hat said control | abl e
current source includes a current supply h8F&t or (01) having a preset
DC vol tage (+12V, R1, Re)citnuit i{8@)t pravidase North-Scuth pincushion correcticn

and gullwing compensation in a raster display of a television
apparatus. A correction circuit {52,60,62,66) generates a

5 generally parabolic, horizontal rate correcticn signal to correct
for North-South pincushion distortion. A gullwing compensation
circuit (72) is coupled to the correction circuit and forms a
feedback path therein for amplitude medifying the correction
signal to further correct for gullwing distortion. The gullwing

10 compensation circuit amplitude modifies the generally paraboelic
signal {(Voyt) as a function of itself, achieving an equilibrium
condition. A vertical deflection circuit drives a vertical
deflection coil with the guliwing compensated correction signal.
The correction circuit comprises a ramp waveform generator

15 (80,62) having a controllable current source {52,54,56)
generating a constant component of current (Ipg) for pincushion
correction and a variable compeonent of current {i5¢c) responsive to
the feedback signal for gullwing compensation. The variable
component of current {lac) varies inversely to the feedback

20 signal, which is coupléd in the feedback path to the controliable
current source through an inverting amplifier (72). The output of
the inverting amplifier modulates the current supply {54) to
modify the resulting shape of the parabolic signal to compensate
for gullwing distortion by increasing the slope of the parabola on

25 both lateral sides.

Reference indicia Are From Fig. 6

i




- 14 - thereof for producing a constant current (l[err]), an emtter
coupled to said inverting output and to a supply voltage(+12V), and a
col |l ector coupled to said capacitor (C2). 16. The circuit of claim
14, characterized in that said neans (72) for varying said controll able
current source includes an inverting lifier (Q4). 17. The circuit
of claim 14, characterized in that vafging




Said controllable current source (52,54,56) nodifies said ranp signal,
which in turn nodifies said output signal (Vferr]). 18. The circul
of claim 14, characterized in that said means (72) for YapgbiyheR@nNd SHEET
control |l able current source-defines a feedback path for E@-ﬁg—éﬁ%

out put signal (Vferr]) as a functio[z ZIZ. itself, said oujpdt signal haying
a waveshape representing an equilibrd condi tion.: 194 &UG BPécyi t

of claim 18, characterized in that said output signal (M grr]) is nodifijec
as an inverse function of itself. 20. Tel evi si o} appar at us,

conpri si ng: a ranp generator including a current urce and. an
I ntegrating capacj .garec:ogpl:%dmteggs& T _ang operabl eto
produce a repetit]ve ranpegiteh

having an input responsivesiglsai ; oy it for
devel opi ng an out put 5| gnal™ 13gvé Qra Lt forrn and
nmeans | Py HE|
I r &&l o —id—— p | 898
THS
=2 i

Fi
OUTPUT
AMPLIFIER




- for coupling said output S|gnaI‘T6“§ETﬁ*Tanp generator for produ@%@%ﬁ@ cotd
“higher order conponents i nfisng Dl (Cegpavef or m 21. Apparatus
;according to Claim20 wher Hitd (gl neans conprises feedback nmeans
for cqupling said output signal itn & " seedback path to said ranp generator.
22. Apparat us according to Claims 20 or 21 wherein current in said
current source is responsive to said oyigput signal.

thereo! for producing a constant current (igg), an emitter coupled

to said inverting cutput and to a supply voltage(+12V), and a
coliector coupled to said capacitor (C2).

16. The circuit of claim 14, characterized in thal said

means (72) for varying said controllable current source includes
an inverting amplifier (Q4).

17. The circuit of claim 14, characterized in that varying
said controllable current source (52,54,56) modifies said ramp
signal, which in turn modifies said output signal (Vour)-

18. The circuit of claim 14, charactetized in that said
| means (72) for varying said controllable current source defines a
O feedback path for modifying said output signal (Vourt) as a

function of itself, said output signal having a waveshape
representing an equilibrium condition.

19. The circuit of claim 18, characterized in that said
output signal (VouTt) is modified as an inverse function of itself.

20. Television apparatus, comprising:

a ramp generator imcluding a current source and an integrating
capacitor coupled to said curremt source and operable to produce a
repetitive ramp signal, end further comprising an integrator having
an input respemsive to said ramp signal and am cutput for developing
an output signal having a generally parabolic waveform, and means
for coupling said output signal to said ramp generator for producing
higher order components in said parabolic waveform.

21. Apparatus according to Claim 20 wherein said coupling
means comprises feedback means for coupling said output signal in a
feedback path to said ramp generator.

22. Apparatus according to Claims 20 or 21 wherein current
in said current source is responsive to. said output signal.
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23. Apparatus according to Claim22 wherein said output signal nodifies

said ranp signal to produce said higher order conponents 24.
Appar atus according to Cajins 20-23 wherein said |nteorator conprises an
anpl i fjer ,having a feedback capacitor. 25.

Mg

Claim 24 |nclud|ng means for repetitively discha

capaci tor.
-15-

23. Apparatus according to Claim 22 wherein said output
signal modifies said ramp signal to produce said higher order
components.

24, Apparatus according to Claims 20-23 wherein said
integrator comprises an amplifier. having a feedback capacitor.

25. Apparatus according to Claim 24 including means for
repetitively discharging said feedback capacitor.

Q
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PINCUSHION CORRECTION CIRCUIT WITH GULLWING COMPENSATION

Abstract

A circuit (10} provides North-South pincushion correction
and gullwing compensation in a raster display of a television

apparatus. A correction circuit (52,60,62,66) generates a
generally parabolic, horizontal rate correction signal to correct
for North-South pincushion distortion. A gullwing compensation
circuit (72) is coupled to the correction circuit and forms a
feedback path therein for amplitude modifying the correction
signal to further correct for gullwing distortion. The guliwing

compensation circuit amplitude modifies the generally parabolic
signal (Voyt) as a function of itself, achieving an equilibrium

condition. A vertical deflection circuit drives a vertical
deflection coil with the gullwing compensated correction signal.
The correction circuit comprises a ramp waveform generator
(60,62} having a controllable current source {52,54,56)
generating a constant component of current {(Ipg) for pincushion
correction and a variable component of current {iac) responsive to
the feedback signal for gullwing compensation. The variable
component of current (lgc) varies inversely to the feedback
signal, which is coupled in the feedback path to the controliable
current source through an inverting amplifier (72). The output of
the inverting amplifier modulates the current supply (54) to
modify the resuiting shape of the parabolic signal to compensate

for gullwing distortion by increasing the slope of the parabola on
both lateral sides.

Reference Indicia Are From Fig. 6
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