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-1- RCA 80958 DIV B 

NORTH-SOtrl'H PXNCUSHXON CORRECTED 
DEFLECTXON CXRCUXT .,/ 

This invention relates. to north-south pin­
cushion corrected deflection circuits. 

5 us-A-3748531 concerns compensating for beam-spot 
distortion in the corners of a color picture display 
apparatus. The distortion may be so severe. as to 
produce color superposition errors. us-A-3748531 provides 
a circuit arrangement for qe_neratinq by means of a 

10 modulator in a color picture display device a sawtooth 
correction current of line frequency f lowinq through the 
line deflection coils and having an amplitude varying at 
field frequency for the purpose of obtaining ~ better 
color superposition in the corners of the screen-of the 

15 display tube. Th~ arrangement comprises means to add an 

20 

additional correction current which flows in the same 
direction as the first mentioned current and which is 
proportional to the third power of both the line and the 
field deflection currents. . Said means may be a saturable 
co~l or a resonant circuit which is tuned to a frequency 
which lies between the like frequency and twice the.value 
thereof. In the latter case the voltage present across ,, 

.the_ circuit-may· be used for correcting the north/south 
pincushion distortion. Also, the modulator is controlled 

25 by an amplifier comprising a linear and a voltage-dependent 
resistor which ensure that a third-power component is 

30 

35 

added also to. said field deflection current. 
Picture tubes for video apparatus such as 

television receivers or computer monitors may require 
modulation o.f the field deflection current for correcting 
a geometrical distortion. known as north-south pincushion 
distortion. A cause of this distortion is the difference . 
between the beam scanning radius of curvature and the 
tube faceplate radius of curvature. New, flatter faceplate 
picture tube~ _having a·spherical faceplate curvatures 
require a more complex form of north-south pincushion 
correction than is provided for a conventional 
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spherical fa·ceplate picture ·tube. 
A tube of ·the type having a complex curvature 

faceplate is described in us-A-4786840 in the nam~ of 
F.R. Ragland, Jr. and entitled CATHODE-RAY TUBE HAVING A 

5 FACEPLATE PANEL WITH A SUBS'rANTIALLY PLANAR PERIPHERY, 
corresponding·to UK published application.No. 2136198A, 

published 12 Septem}?er 1984. 

In one form of flatter faceplate pictu~e tube, 
as typified by the RCA 110° COTY-SP, square-planar, 27V, 

10 color television picture tube, A68ACC10X, the formula for 
the tube faceplate sag:i.tt~l height, z, in millimeters, 
with reference to the center of the faceplate is given by: 

z~A X2 + A X4 + A Y2 + A x2r + . - 1 2 3 4 
Asx4y2 + A6Y4 + A7x2y4 + A9X4Y4, 

· 15 where X and Y are the distance coordinates, in 
millimeters, from the faceplate center along the major and 
minor axes, respectively, and where: 

20 
Al = -0.236424229 x 10-4 

A2 = -0.363538575 x io-8 

A3 = -0.422441063 x 10-3 

A4 = -0.213537355 x 10-8 

As ·- +0.883912220 x 10-13 

AG = -0.100020398 x 10-9 

A, = +0.117915353 x 10-~4 . 
.AS ~- +o.527722295 .. x 10~21 

25 

The picture tube ~ac.eplate defined by this 
formula h~s a relatively shallow curvature near the center 

30 of the faceplate, which increases near the edges along· 
paths parallel to.·both the major and minor axes of ~e 
tube. The overall resui t is a faceplate of reiati vely 
flat appearance and with planar edges, namely, with points 
along the top, bottom, right and l_eft edges located 

35 substantially in a common plane. · 
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In accordance with the invention, there is 
provided a television display appa~atus that provides for 
raster scanning of a picture tube which includes an 
aspherical faceplate of relatively flat contour, a north-

s south pincushion correction circuit, comprising: a field 
deflection winding; a field deflection amplifier for 
generating field deflection current in said field deflection 
winding; an LC resonant circuit coupled to said field . 
deflection winding; and means responsive to line and field 

10 rate input siqnals for exciting said LC resonant circuit 
into oscillation to generate a line rate voltage that is 
applied to said field deflection winding and: has an envelope 
that varies at a field rate for providing north-south 
pincushion correction to said field deflection current, · 

15 c~ara~terized in that: said exciting means generates said 
envelope in a manner· that enables said envelope to reach 
zero height within said f ietd retrace interVal at an 
advanc~d time prior to the center of the field retrace 
interval. 

20 In the drawings: 

FIGURE 1 illustrates a vertical deflection 
circuit that includes a north-south pincushion correction 
circuit embodying the invention; 

FIGURE 2 schematically illustrates a square-planar 
25 picture tube and.its associated vertical and horizontal 

deflection windings,· that advantageously uses a vertical 
deflection circuit that includes an inventive embodiment 
of a north-south pincushion correction circuit; 

FIGURE 3 i°llustrates a vertical deflection 
30 circuit that includes a diff.erent north-south pincushion 

correction circuit, in accordance with an aspect of the 
invention; and 
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FIGURES 4-11 illustrates waveforms useful in 
explaining operation of the·.circuits of FIGURES 1 and 3. 

In FIGURE 1, a vertical deflection· circuit _20, · 
includes a vertical. deflection amplifier 21 coupled to a 
vertical ciefl~ctionwinding·Lv for generating a vertical 
deflection current fv in 't;he deflection winding.· Vertical 
deflection current iv flows ~~ ground via ari LC resonant 
circuit 22 or tank circuit of a north-south pincushion 
correction circuit 23 embodying the invention, via a 

io · coupling· capacitor c;, and via a sampling resistor Rs. The 
vertical rate sawtooth voltage 24 developed by the 
deflection current iv ~n sampling resistor Rs provides 
negative feedbac~ for vertical deflection· amplifier 21. 

. . current in vertical deflection winding Lv in 
15 conjunction with current in horizontal deflection winding 

La, both schematically represented in FIGURE 2, provide 
·raster scanning of the electron beams· across the screen of 

. . . 
a square-planar color picture tube SP. As previously 
dis*ussed, the faceplate~O of square-planar picture tube 

20 SP is aspherical, with the faceplate curvature along both 
the major and minor axes "increasing towards the edges of . . . 

· the faceplate. Xhe overall result is that the surface of 
. the ,faceplate and thus of the phosphor screen located on 

t • . . 

· the! inside sur£ace of th~· faceplate, is relatively flat, 
25 overall, with edges lying substantially in one plane • 

30 

..Horizontal deflection current is generated in 
horizontal deflection winding Lu of FIGURE 2_by a 
horizontal deflection circuit 19. y~rtical deflection 
current i~ generat~d in vertic"al deflection wip.ding rv· of 
FIGURE 2 by a vertical deflection circuit 220, that 

comprises either the circuit 20 of FIGURE 1 or the circuit 

120 of FIGURE 3, to be-discussed later. 

North-south pincushion distortion· of a raster 
being displayed on the screen.of a square-planar picture 

. 
35 tube may be corrected,. by means of a line rate, cosine 

current which is added to· the field deflection current. 

The cosine correction current, in addition to substantially 
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correcting north-south pincushion geometric error, 
provides a better fit for a residual line frequency 

·distortion of the raster, such as gullwing distortion, 
caused by the nonspherical nature of the faceplate of a 

5 square-planar picture tube. Such residual distortion is 
discussed in US-A-4682085 and US-A-4668897. The 
cosine function corrects most of this residual error 
because.of the change in_ polarity of slope of the cosine 
eurrent at each zero crossing. A parabolically shaped 

10 line rate correction is less beneficial than a cosinusoidally 
shaped correction because of the presence of gullwing 
distortion. 

To generate a line rate cosine correction 
·current component i~:field deflection current iv, LC 

15 resonant cir~it _22 of FIGURE 1 is excited at a line rate 
by a switching amplifier, Dar~initon transistor Q4. LC 
resonant circuit 22 is tuned to the horizontal deflection 
frequency. A line rate cosinusoidal circulating current 
i 1 is thereby generated in resonant circuit 22. A··control 

20 circuit 26 develops a control signal 33H that switches 

25 

conductive levels of amplifier Q4 at a 
lin~ rate. The switching occurs 
with a substantially 50% duty cycle. -The 59% duty cycle 
of control signal 33H is _advantageous when exciting LC 
resonant circuit 22 at its natural frequency fH. Because 
the stron9est trequency component of the 50% duty ~ycle 
signal is the fundamental frequency, fH' little ha~onic 
distortion is introduced into the excitation of LC 
resona~t circuit 22. 

30 To provide· proper north-south pincushion 
correction, the amplitude of the horizontal rate 
modulation of the vertical· deflection current is made to 
vary at a vertical rate in a· sawtooth manner. In 
~ccordance with another inventive aspect, control circuit 

35 26 switches conductive le~els of 'switching amplifier Q
4 

at 
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a line rate between first and ~econd levels- of conduction. 
To produce a vertical rate.variation-of the amplitude of 

cosine correctio~ ·current il, the __ magnitudes of the two 
conduction levels are varied at ,ci vertical rate in a · 
sawtooth manner. · ~n this way, . the . envelope of ~e line 
rate modulati~n of the vertical deflection_ current iv is 
of maximum height at·the top and bottom of the raster and 
minimum a~ the_ .center, thereby providing the proper amount 
of north-south pincushion correction at all.times during 

10 vertical scan. 
control cirCUit 26 includes first ·and s~cond · 

control ami;>lifiers 21 and g2 , differentially c9nnected, 

fo~ generating _first and second control currents. i 21 and 

iQ2 at the respective.collector ~utputs of transistors 21 
15 and 22· The collector outputs·of control amplifiers.Q1 and 

Q2 are switched to ground at a line rate by respective 
first and second control switches, QAand QB. 

To.produce the line rate S'fitching of control 

switches QA and QB, a horizontal retra~e pulse voltage 31, 

20 identified as the voltage Vr in FIGURE 4a, is 
conventionally developed at an input terminal 29. 

Horizontal retrace pulse voltage 31 is integrated by a 

~~sistor Ri and a capacitor c1 into a horizontal· sawtooth 

25 

voltage 32, identified as the voltage Vhs in FIGURE 4b. 
Horizontal sawtooth voltage 32 is applied to the inverting 

input _terminal of switch QA-and to the_noninverting input 
terminal of switch QB. The other input terminals of 
switches ~A and QB are grounded. 

As illustrated ·in FIGURES 4c and 4dby switching 
30 volta_ges 27H and. 28H, the outputs of control switches QA 

and QB are switched between conductive and· nonconductive· 

·states at a line rat~_ in phase opposition to each other. 

Thus, during the interval t 2 through t 4 , switch QA is in 

saturated conduction and switching voltage 27H is at 

35 ground potential._ ·nuring this interval, control-switch QB 

i~ cuto~f and switching voltage 28H is at the voltage 
level of the collector of control amplifier Q2 • During 
the next half horizontal cycle, between time t 4: and time 
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t 6 , control switch QA is cutoff and control switch QB is 
in s_aturated conduction. Switching voltage 28H is at 
ground potential and switching voltage 27H is at the 
voltage level of th~ collector of control amplifier Q1 • 

5 The line rate, switching voltages 27H and 28H 
are supe~imposed at the base of a driver transistor Q3 via 
diodes D1 and o2• Transistor Q3 is arranged in an 
emitter-follower configuration~ The emitter output 
electrode of driver transistor Q3 is AC coupled to the 

10. base _of power switching.amplifier Q4 via a ca~acitor c3 • 
Transistor Q4· may pe ,operat~d in the 
linear mode. DC bias for the base 
of transistor Q4 is provided by voltage dividing ·resistors 
RlS and Rl6." Emitter degeneration is provided by a 

15· resistor R17 • 
The superposition of line rate voltages 27H and 

28H at th~ base of driver transistor Q3 produces a 
bilevel, line rate control voltage 33H at·the output 
emitter ele~trode of.transistor Q3 having first and second 

20 voltage le~els 33a and 33b, as illustrated in FIGURE 4e. 

25 . 

Voltage level 33a is directly related to the amplitude of 
. . 

s·witching: voltage 27H. Voltage level 33b is directly 
related to the· ampiitude of· switching voltage 28H. ·.· . 

Bilevel control signal 33H switches conductive 
levels of output switching amplifier Q4 at a line rate 
between first and second levels of conduction. As 
i~lustrated in FIGURE 4f, the collectqr current iQ4 of 
trans~stor Q4 is a bilevel current ha:ving a first current 
level 34a.that is directly related td the magnitude of 

30 level 33a of control signal 33H and having a second 
current level 34b that is directly related to the 
magnitude of level 33b. 

Line rate outpu~ current i 24 excites LC resonant 
circuit 22 into a substantially cosinusoidal oscillation. 

35 The capacitive branch of resonant circuit 22 comprises a 
capacitor c5 coupled acros~ the secondary win~ing ws of an 
adjustable transformer Tl .. ·Transformer T1 comprises the· 
inductive branch of resonant circuit "22. The primary 

iniiiU 
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. winding WP of transformer Tl is coupled to the colleC?tor 
output electrode of switching amplifier Q4• Trans former 
Tl is tuned to resonate at the horizontal deflection 
frequency. Resonant circuit 22, therefore,. filters out 

. s harmonics of the ·line rate, bilevel exciting current 
signal i 24 to generate a generally sinusoidal voltage 
across primary winding WP, a~ the line rate. This 
sinusoidal voltage.is illustrated in FIGURE 4g by the 
collector voltage v24 of switching amplifier Q4• 

·10 The excitation of resonant circuit 22 generates 
a· cosinusoidal oscillation of current and a sinusoidal 
oscillation voltage in.capacitor c5 and secondary winding 
ws.· FIGURES Sb and Sc illustr~te the cosinusoidal 
correction current i 1 in secondary winding ~s and the 90° 

15 phase-shifted voltage V1 across ·resonant t~ circuit 22. 

~IGURE Sa illustrates a reference horizontal retrace pulse 
voltage. ~or descriptive purposes, an oscillatory 
waveform is considered cosinusoidal when the maxima or 

.minima occur.at the center of horizontal trace or retrace: 
.• . 

20 and is considered sinusoidal when zero ·at those instants. 
Voltage Vl generates in vertical deflection 

winding Lv a cosinusoidal correction current component to 
correct north-south pincusion error. This component is 
phased by correction current i 1 of LC resonant circuit 22 

25 . and has an amplitude of i 1 Lwsl'Lv' wh~re Lws is the 
inductance. of the secondary ~nding W

5 
of transfo~er Tl. 

The correction current ~omponent of vertical deflection 
cur~ent iv provides a line rate modulation which· adds to 
the vertical deflection current at the center of each line 

30 scan and which subtracts at the beginning and end of each 
line scan. 

Vertical deflection winding Lv is AC-wise 
parallel connec~ed to resonant circuit 22 and participates 
in the resonance~ The horizontal rate currents are 

35 therefore in-phase. The coupling between windings W and 
. . .P . 

Ws of transformer Tl should be very tight.to avoid phase 
shifts between windings W and W • Transistor Q4 operates . p s . 
in class A and represents a current source.which does not 
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load resonant circuit 22. Winding W represents to 
. . p 

transistor 24 a high load impedance at the resonance 

frequency of resonant circuit 22. At all other 

frequencies, the impedance .of wind_ing WP is l~w. 

5 ~onics of the line frequency are therefore 

sh~rt-circuited by w~ding WP. 
The inductance of transfo:cmer Tl is.adju~table 

for controlling the phase of the line rate modulation of 

the field de_flection current to avoid north-south trapeze 

10 distortion •. For correct phasing of the line rate 

~odulation, as will be explained later,_ it is also 

advantageous that the switching of control signal 33H 

between levels 33a and 33b occurs at the center of 

horizontal retrace, at time·t2 of FIGURES 4a-4g and at the 

15 center of horizontal trace, at time t 4 • 
To provide north-south pincushion correction, 

the amplitude of the cosinusoidal, line rate modulation of 

the vertical deflection current is varied at a vertical 

.rate in a generally sawtooth mannei:. As illustrated in 

20 FIGURE 6a, the envelope height o~ the amplitude modulation 

envelope of vertical deflection curren~ iv is maximum at 

25 

30 

35 

. the top and bottom of the r~ster, at the beginning and end. 

_of field scan, .. and is zero at the cen~er of the raster or 

field scan. The closely spaced vertical lines in the 

waveform of FIGURE 6a schematically represent the line· 

rate modulation of the vertical deflection current. 
In accordance with an inven~ive aspect; to 

provide the vertical rate variation of .the envelope of the 

line rate modul~tion of vertical·deflection current iv, 

control circuit 26 varies both level 33a and level 33b of . . 

control signal 33H at a field rate. In accordance with 

another inventive aspect, level 33a varies in a sense 

· opposite that of level 33b during field scan, such that, 

for example, level 33a decreases in· magnitude during field 

scan whereas level 33b increases. Additionally, by means 

of such an arrangement, the phase of the cosinusoidal 

correction of the vertical deflection current during the 

second half of vertical scan is phase-shifted by 18Q0 



10 
from the co~inusoidal correction provided during 
the first half of vertical scan. 

To develop a vertical rate variation.of the 
amplitude levels of control signal.33H, vertical rate 

· s sawtooth voltage 24, devel~ped across sampling resistor 
Rs' is applied to the base of control amplifier Q2 of 
·differentially co~ected control amplifiers 21 and 22 • 
The magnitude of control current i 22 ; th~ collector 
current of transistor 22 ,· is not constant but varies at a 

10 vertical rate, increasing in a generally sawtooth manner 
during field scan. c~ntrol c::urrent i 21 , the collector 
current .of transistor 21 , .is also a vertical rate varying 
current but decreases in m.agni tude during field scan. Due 

.to the vertical rate variation of control.currents i 21 and 
15 i 22 , the am~litudes of switching voltages 27B and 28B also 

vary at· a vertical rate, with tji.e amp~itude of switching 
voltage 27B decreasing during field scan and the amplitude . . 
of switching voltage 28B_!J:lcreasing during field scan. 

FI~S 6b through 6i illustrate various 
20 waveforms at an expanded time scale near symmetrically 

locate~ field ~can instants Tb and Te of FIGURE 6a •. Field 
scan instants Tb and Te are equally spaced from instant 
Tc' the center of field scan. Thus, ·disregarding the line 
rate modulation, vertical deflection current iv of FIGURE 

25 6a has the same magnitude 10, but opposite sign, at field 
) scan instants Tb· and Te. 

Line.rate switching voltage 27B of FIGURE 6d is 
phased to_provide a positive going transi'1;ion at· the 
center of horizontal trace, at time tt of horizontal. 

30 retrace pulse voltage Vr of FIGURE 6b and to provide a 
negative going transition at the center of horizontal 
retrace at time tr. Voltage 27H maintains the same phase 
throughout field scan, including instants Tb ~d Te. Tlie 
amplitude of voltage 27B, however, decreases at a ve~tical 

35 rate in a sawtooth manner, from a yoi'tage level v1 • near 
field scan instant Tb' to a voltage level v2 • near field 
scan instant T. • · e 
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Line rate switching voltage 28H of FIGURE 6e is 
phased opposite that of voltage 27H, to provide a negative 
going transition at the center of horizontal trace, at 
time tt and to provi~e a positive going trans.ition at the 

. 5 center of horizontal retrace, at ~ime·~r· ·.voltage 28H 
maintains the same phase relationship throughout field 
scan, including· ~Jistants Tb and Te. The amplitude of 
voltage 28H increases.at a vertical rate in a sawtooth 
manner, from the voltage level v• 1 , near field scan 

10 . instant _Tb' to the voltage level v• 2 , near fiel~ scan 
instant Te·· 

· Line rate control voltage.33H,· illustrated in 
FIGURE 6f, equals the superposition of voltages.27H and 
28H. During the first half of field.scan, the amplitude 

15 of voltage 27H predominates, and the phase of control 
voltage 33H equa~s the phase of voltage 27H, with a 
positive going transition ocC:Urring at the.center o~ 
horizontal trace. · At some point, near the center of field 

. . 
scan, the amplitudes of voltages 27H and ~SH are. equal and 

_ 20 control voltage 33H contains no square wave component. 

25 

During the second half of field scan, the amplitude of 
voltage 28H predominates, and the phas~ of control voltage 
33H switches b~ 180° to.become· equal to the:phase of 
voltage 28H, with a negative .going transition occurring at 
the center of.horizontal trace. 

-The phase ~eversal·of control voltage 33H from 
the first half of field scan to the second half of field 
scan prod~ces the required phase reversal of the line 
rate, co$inusoidal correction current component 48.of 

30 vertical deflection current_iv, 1llustrated in FIGURE 6c. 
During the first half of field scan, such as near field 
scan instant Tb' control vol~age 33H of FIGURE ~f has a 
positive going transition at ~ime tt' the center of 
horizontal trace, thereby producing·a positiv~ amplitude 

35 correction current component 48p of FIGURE 6c. During the 
second half of field scan, .such as near field scan instant 
Te' ~ontrol voltage 33H.has·a negative going transition at 
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time tt, thereby producing a negative amplitude correction 
current component 48n. 

FI~ 7a illustrates voltage v21 at the 
collector of contr~l·amplifier Q1 in an vertical rate time 
scale. The line rate modu1ation of collector voltage v21 
is schematically indicated by the closely spaced vertical 
lines. FIGURE 7b illustrates voltage v22 at the collector 
of amplifier transistor . 22 • The line rate modulation of 
collector ~oltage v22 is schem:ai::ically indicated by the 
closely spaced vertical lines. A comparison of FIGURES 7a 
and 7b.reveals that the vertical rate variation of voltage . . 
v21 i_s in an opposite sens~ to that of the vertical rate 
variation of the voltage v22 • 

FIGURE 7c illustrates voltage ve23 at the 
emitter output of driver transistor 23 ; at an expanded 
time scale-relative to the tim.e scale of the other 
waveforms of FIGURE 7. Voltage V eQ3, as represented in 
FIGURE 7c, cor.re~ponds to ·th~ vertj.c~l rate ~odulation 
e~velope o.f control signal 33H. · The line rate modulation 
of voltage veQ3 is schematic~ly indicated in FIGURE 7c by 
the closely spaced vertical lines. · t 
· · · The vertical. rat~ varying ~ontrol volt~ge ve23 
i~ applied to the base of.swit~ing .amplifier Q4 to vary 
at a vertical rate the am~litude of exciti~g current i 24 . 
As illustrated in FIGURE 7d, the envelope of current i 24 
may be represented by two generally sawtooth lines 36 and 
37 varying at a field rate in opposi~g senses.· The 
amplitude_of the_line rate component of current i 24 , 
schematically indicated by the closely spaced vertical 
lines, decreases in a generally sawtooth manner from the 
beginning of field scan to the center _of field scan and 
increases in a generally sawtooth manner from the center 
of field scan to the end of field scan. 

The vertical rate envelope of collector voltage 
v24 is illustrated.in FIGURE 7e and i~·generally of the 
same waveshape as that of the collector current i 4 of 
FIGURE 7d. The crossover point T of the voltage

2
envelope . c 

of FIGURE 7e occurs approximately at the center of 

ii iii ii 
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vertical trace. Time Tc is delayed from the crossover 
point Ti of the current envelope of FIGURE 7d because of 
crosstalk between horizontal deflection winding ~ and 
v~rtical deflection winding Iv, to be described later. 

s The vertical rate modulation of the.conduction 
of ~wi telling amplif~er 24 produce_s a vertical rate 
modulation of _correction current.i1 in LC resonant circuit 
22 and produces· a vertical rate modulation of the 
amplitude of the.oscillatory voltage Vl, as illustrated in 

10 FIGURES 7f an4·7g, respectively. The line rate comp~nents 
of current i 1 and voltage Vl are schematically indicated 
in FIGURES 7f and 7g by the closely spaced vertical lines. 
Th~ effect of the vertical rate modulation of current i 1 
and voltage Vl on vertical deflection current iv.is 

15 illustrated in FIGURE 6a ~herein the envelope of the line 
rate modulated vertical deflection current produces 
maximum line rate modulation at the t~p and bottom of 
vertical scan and no modulation ·at the center of vertical 
scan. 

20 

25 

Some crosstalk exists between horizontal 
deflection winding LH and vertical deflection winding Iv· 
of FIGURE 2. This crosstalk is in the form of an induced. 
voltage and an ino~ced current in vertical deflection . 
winding Iv due to the electromagnetic coupling to the 
fields produced by the horizontal deflection current. The 
horizonta~ rate crosstalk current induced in vertical 
deflection winding Lv excites resonant circuit 22 and adds 
to vertical deflection current iv a north-south pincushion 
correction waveform of one polarity only and of constant 

30 amplitude. The polarity is such as to add to the 
north-squth correction provided by pincushion correction 

. . . 

c~rcuit 23 at the top of the· raster and subtract from the. 
correction provided at the bottom of the raster. 

To compensate for th.e asymmetrical horizontal 
35 crosstalk, in accordance.with a feature qf the invention, 

pincushion correction circuit 23 generates asymmetrical 
vertical rate envelopes to voltage veQ3 and current iQ4 of 
FIGURES 7c and 7d. The asymmetrical envelope of current 

·-
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i 24 compensates the crosstalk to obtain symmetri~al 
envelopes for voltage v

24
, current i 1 and voltage Vl of 

FIGURES 7e,. 7f and 7g. The amoun~ of asymmetry introduced 
is-controlled by adjusting potentiometer R4 of ~e voltage 

5 . dividing network coupled to the base of differential:-lY 
connected amplifier 21 • ~e particular deflection 
yok~-picture tube.combin.B.tion and yoke molinting location 
may also require asymmetric_correction. A slight 
asymmetric correction may also be desirable when the 

10 viewing axis is different from the picture tube axis. 
current·i24 of FIGURE_ 7d is proportional to the 

drive voltage ve23 of FIGURE 7c. The envelope of voltage 
v24, which is AC~wise also de~e~ope~ across winding w~-of 
transformer Tl, is the transformed voltage vi. Voltage Vl 

15 is proportional to the total drive ot r~sonant circuit 22 
consisting of current i

24 
and the horizontal crosstalk. 

The delay between time Ti and Tc is therefore a fun~tion 
of the amount -of horizontal cross~lk. The advance of 
time Ti is adjusted by potentiometer R4 to obtain s~ai_ght · 

20 lines at the center of vertical trace, around time Tc. 
The horizontal ra~e ~ignal .Picked up by vertical 

deflection winding Lv introduces a discontinuity in the 
lin~ rate modulation of vertical deflection current iv 
during horizontal retrace. As illustrated in FIGURE 6c, 

- . 
25 ·during horizontal retrace, the modulation of the vertical 

t deflection-current iv chang~s from the line rate fH to the 
higher horizontal retrace frequency. This discontinuity, 
occurring during horizontal retrace, has little visible 
effect. 

30 As previou~ly mentioned, the faceplate of a 
square-planar picture tube is aspherical. Its curvature 
is relatively shallow near the center, -of the facep.late and 
increa~es near 'the edges along paths parallel to both the 
major and minor axis. The edges of the faceplate are 

35 nearly planar, with points along the top, bottom, right 
and left edges substantially located in a common plane. 
In accordance with an inventive aspect, north-south 
pincushion correction circuit 23 of FIGURE 1 produces a 

iiliiiiftii 
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15 
nonlinear vertical rate sawtooth envelope of the 
horizontal rate modulation of the field deflection 
current. The nonlinear waveshaping of the modulation 
envelope corrects f~r-residual north-south pincushion 

· s d~stortion caused by the asphericity of the faceplate of 

square-planar picture tiibe SP of FIGURE 2 •· · 
To understand-the need for nonlinearly 

waveshapinq the vertical rate envelope of the line-rate 

modulation.of vertical deflection current iv, assume; in a 

10 hypothetical example, that the vertical rate modulation of 
correction current i 1 , produced a linear sawtooth 
envelope, ~s illustrated by the dash~d line envelope 

waveform 34 of FIGURE a. 
For an SP tube faceplate, however, a linear 

15 envelope waveform 34 is unable J;.o apply the proper amounts 

of line rate amplitude correction at all points during 

field scan. Assume, in the _!!ypo~etical example, that the 

.north-south pincushion amplitude potentiom~ter R10 is 

adjusted to ~r~vide the proper amoUn.t of correction 

20 amplitude for raster lines scanned intermediate the center 

line and the top or bottom edqe. The result is th~t for a 

linear sawtooth e~v~lope, too much correction amplitude is 

provided around the center of.the raster and too .little 

correction is provided at th~ top or bottom of the raster .• 

• 25 Analogous_situationr ~old true when potentiometer R10 is 

adjusted to provide proper correction amplitude "at either 
the top and bottom or in the center. 

·In accordance with an aspect of the invent~on, 
north-south pincushion correction circuit 23 provides a 

30 nonlinear waveshaping of the vertical rate sawtooth . 
envelope to take into account the aspherical nature of the 

. . 

faceplate of a square-planar picture tube.· In the example 

previously described, a linear vertical rate modulation 

produ-ces too much correction amplitude around the center 
35 and too little correction at the top or bottom of the 

raster.-For this example, proper nonlinear waveshaping is 

one that slightly com~resses the envelope height at the 
smaller cor~ection current amplitudes when scanning of the 

. This Sheet Has Been Replaced 

I lllJlll 11111111111111111 



• 

16 
center lines of the raster, and expands slightly the 
envelope height at the larger correction current 
amplitudes when scanning the top and.bottom lines of the 
raster. 

. s · To provide the nonlinear waveshaping 1 the 
vertical rate enve~ope of con~ol voltage ve23 , . 
illustrated in_FIGuRE 7c,_ is nonlinearly waveshaped to 
become compressed at small amplitude levels of modulation 
and to become expanded at the larg~ amplitude levels. To 

10 produce the nonliiiear.wavesbaping of the envelope of 
control voltage ve23 , a positive fe~dback of voltage veQJ 
to the emitters of control transistors 21 and 22 i~ 
p~ovided via potentiometer R13 and resistor R12 • The 
positive feedback nonlinearly waveshapes control currents 

15 i 21 and i 22 ge~erated by control amplifi~rs _Qi and 22 , 
thereby nonlinearly varying each of ·"t;he bilevel amplitudes 
_of con:trol signal 33B. 

20 

25 

30 

Additional nonlinear waveshaping is provided by 
superimposing, at the emitter electrodes of control 
amp;J.ifiers 21 and 22 , a parabolic voltage_94 developed at 
the collector of a transistor Q5 • Parabolic voltage 94 is 
AC coupled to control amplifiers 21 and 22 via a capacitor 
c7 and a resistor·Ri4 • To develop parabolic voltage 94; 
the parabolic voltage 25 developed at the top plate of 
coupling capacitor c;, is applied to the base of transistor 

25· 
By means of the positive feedback of control 

voltage ve23 and the superp_osition of parabolic vol_taqe 
· 94, the vertical rate envelope of voltage ve23 is 
nonlinearly waveshaped in a manner that produces a 
nonlinear envelope to correction current i 1 , as 
illustrated by the solid line envelope waveform 35 of 
FIGURE a. .Compared to the linear sawtooth envelope 
waveform 34, envelope 35 is compressed in height at the 

35 center of raster scan and expanded at the top and bottom 
of raster scan,_as is required, given the conditions 
imposed by the hypothetical example. Given a different 
set of conditions, such as may occur at different settings 

iliimiiDf 
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of potent~ometer_B.i0 ,.the nonlinear waveshaping may 
require corresponding modification.. It should be noted 
that, for explanatory pllrposes; the nonlinearity of . 
envelope waveform 35 of FIGURE 8 has been emphasized to a 

5 slight degree. 
FIGURE 3 illustrates a vei;tical deflection . 

circuit 120 that includes a different north-south 
pincushion distortion correction circuit 123, embodying 
the invention. In FIGURE 3, vertical deflection amplifier 

10 21 generates an output voltage 21V, "illustrated in FIGURE 
lOh. output voltage 21v is applied to vertical deflection 
~inding Lv to generate a vertical deflection current iv, 
illustrated in FIGURE lOi. · 

To generate the line rate moduiation of vertical° 
15 deflection·c~rrent iv that provides north-south pincushion 

correction, the output stage of pincushion correction 
circuit 123 includes a driver transistor Q3 , a switching 
amplifier Q4 : and an LC resonant . circuit 22: Each of these 

20 

25 

"elements performs its respective function in a manner 
identical to the corresponding.element in pincushion 
correction circuit 23 of FIGURE 1. A control circuit 126 
develops the amplitude modulated, line rate, bilevel 
control voltage 1j3H that ~ives:·s~it~ng amplifier 24 • 

In control circuit 126, a horizontal retrace . . 
pulse voltage 31~ developed at a terminal 29 and 
illustratea in FI-GURE 9a, is'· 'integrated by capacitor c15 
and resistors R42 and R54 to generate a h~rizonta~ or line 
rate sawtooth voltage 32, illustrated in FIGURE 9b, that 
is applied to the inverting input terminal of a 

30. controllable switch U2A. A~ the output of switch U2A, 
there is developed a line rate, 50% duty cycle, ·switching 
voltage 127H, illustrated in FIGURE 9c. Horizontal or 
line rate sawtooth voltage 32 i_s also applied to the 
·noninverting input terminal of a controllable switch U2C 

35 to generate at the switch output a line rate, 50% duty 
cycle, switching voltage 128H, .illustrated in FIGURE 9d, 
that is phase shifted by 180° from switching voltage 127H. 
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Switching voltages 127H and 128H are 
supe~imposed via diodes D1 and D2 at the base of 
emitter-follower driver transistor Q3 to generate, at the 
emitter electrode, a line rate, bilevel control voltage 

• 5. 133B, illustrated in FIGuRE 9e. The amplitude level 133a 
of control voltage 133B is directiy related to the 
amplitude of switching voltage 127B, whereas amplitude 
level 133b is directly related to the.amplitude of 
switching voltage l28H •. 

10 

·15 

20 

25 

To provide the proper amount of north-south 
pincushion correction,· control circ~it 1Z6 varies both 
levels 133a and 133b at a vertical rate in a generallI 
sawtooth manner. The vertical· rate sawtooth voltage ·24 is· 
divided by a potentiometer R1 and.AC coupled via a· 
capacitor c9 to the inve~ng input terminal of a control 
amplifier Ul~ to develop a positive going, field rate 
sawtooth control Vc:>l tage v c at _:the amplifier output. 
Control voltage Ve is applied ~o the ~nvert~ng input 
terminal of ·a control amp~ifier UlD to develop at the 
amplifier output ~ negative going, field rate sawtooth 
voltage v0 . . 

Field rate.sawtooth voltages Ve and v0 are 
applied via resistors.· R40 ·and R41 to the outputs of · 
control switches U2A and U2C, respectively. The 
amplitudes of switching voltages 127H and 128B therefore 
vary at a·field rate in a sawtooth manner in accordance 
with the amplitudes of control voltages Ve ~nd v0 , 
respectiv~ly~ 

FIGURE 10 illustrates various waveforms of the· 
30 circuit of FIGURE 3 at a vertical rate time sc.ale, with . 

the line rate modulation of the waveforms being omitted 
from illustration. As illustrated in FIGURE lOa, vol tB:ge .. 
v2A' at ~e output of c9ntrol switch U2A, is a positive 
going, vertical rate sawtooth voltage, representing the 

.. 35 vertical rate modulation envelope of switching voltage 
127H. Similarly, as illustrated in FIGURE lOb, control 
voltage v2C, developed at the output of control switch 
U2C, is a negative going, vertical rate sawtooth voltage, 



19 

representing the vertical rate modulation envelope of 

switching voltage 128H. . . 

The vertical rate modulation of the amplitudes 

of line rate switching.voltages 127H and 128H produces a 

5 vertical rate modulation of each of the levels' .133a ·and 

133b of control voltage 133H, with amplitude level 133a 

increasing in amplitude during field scan and amplitude 

133b decreasing. As illustrated FIGURE lOc, control 

voltage ve23 , developed at the emitter of driver 

10 transistor Q3 , represents the vertical rate modulation 

envelope of the switched, line rate control voltage 133H • 

. Line rate control voltage 133H produces the : 

excitation current i 24 for LC resonant circuit 22. FIGURE 

9f illus~ates excita~on current i 24 
at a line rate time 

15 scale, and FIGURE lOd illustrates the current at a field 

rate time scale. The osc~llatory voltage·v24, developed 

at tjie collector of switchi~g amplifier Q4 , is illustrated 

at a line ra~e time scale in FIGURE 9g'and at a field rate 

20 

25 

30 

35 

t~me scale ~n FIGURE lOe. The vertical rate envelope 42a 

an~ 42b of current iQ4 in FIGURE .lOd follows closely :the 

waveshape of the vertical rate envelope 4la and 4lb of 

control voltage VeQ3 in FIGURE lOc. 

· The envelope waveforms of FIGURES 10~, lOf and 

lOg follow the sum of the envelope of.current i 24 of 

FIGURE lOd and the envelope of the line rate crosstalk. 

As previously explained, this results i~ a delay of the 

crossover points in the waveforms of FIGURES lOe, lOf and 

lOg. To ~ompensate for the delay and locate the crossover 

points at the center of vertical trace, at time Tc' the 

crossover.points of the envelopes of the waveforms of 

FIGURES 7c and 7d are advanced to time T., prior to time 
' ' 1 ' 

Tc. The amount of advance is adjusted by potentiometer 

R37• 
Excitation current i 24 excites LC resonant 

circuit 22 into oscillation to generate a line rate 

cor~ection current i 1 , illustrated in FIGURE 9h, and a 

line rate correction voltage V1 illustrated in FIGURE 9i. 

Voltage Vl is applied to vertical deflection winding Iv· 
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£:or pr()viding north-south pincusl:lion correction. The 
vertical rate modulation envelope 46a and 46b of 
correction current i1 ~ and the vertic~l rate m~dulation 
envelope 47a and 47b of correction voltage Vl are 

5 illustrated in FIGURES 10f and 10g, respectively. . . 

L~ne rate switching voltages 127H and 128H have 
the same phase relationships with horizontal retrace pulse 
voltage 31 as do the corresponding line rate switching 
voltages 27H and ~SH of north-south pincushion correction 

10 circuit 23 of FIGURE 1.. As illustrated in FIGURES 6d and 
6g, the positive· going transitions of switching voltages 
27H and 127H occur at time tt, the center of the 
ho~izontal trace interval, and, ·as illustrated in FIGURES 
6~ and 6h, the posi.ti ve going transitions of swi tc~ing 

15 voltages ·2au and 128H occur at time tr, the center of the 
horizontal retrace interval. 

switching voltages-127H and 128H differ from 
swit~hing voltages 27H and 28H in.the direction taken by 
their respective vertical_ rate amplitude modulation from 

20 the beginning of field·s~an to the end of field scan. 
Compai;ing FIGURE lOa with FIGURE 7a and comparing FIGURE. . . 
6g with FIGURE 6d, one notes that the amplitude of 
switching voltage 127B increases during.field scan·, 
whereas the amplitude of switching voltage 27H decreases. 
Similarly, by comparing the appropriate figure$, one notes 
that the amplitude of switching voltage 12SH decreases 
during field scan, whereas the amplitude of switching 
voltage 2~H increas~s. 

Because the amplitude modulation of switching 
30 voltages 127H and.128H is opposite the amplitude 

modulation of switching voltages 27H and 28H, line rate 
control voltage 1J3H of FIGURE 6i is phase shifted by ·1ao0 

from line·rate control voltage 33B of FIGURE 6f. This 
phase difference must be _taken into account in order to 

35 · produce a positive going amplitude modulation of 
deflection current iv during the first half of vertical 
scan, prior to time Tc of .FIGURE 6a, and a negative going 
amplitude modulation during the second half of vertical 
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scan, after time T • One way of ·taking into account the c 
180° out-of-phase relationship between control voltage 
133H and control voltage 33H is to reverse the winding 
direction of primary winding WP in transformer Tl of 

•· 5 . FIGURE 3 from the direction of primary winding_ WP ·of 
FIGURE 1. 

In accordance with another feature of the 
i:t?-vention, the nonl~near waves]?.aping of the vertical rate 
modulation envelope of the cosinusoidal corre~ti~n of 

10 · vertical deflection current iv is produced by the vertical 
waveshaping circuit 138 of FIGURE 3. Vertical rate 
sawtooth voltage 24, developed across north-south 
amplitude control potentiometer Ri, _represents sampled 
vertical deflection current. As such, the waveform of 

15 sawtoo~ voltage 24 is s-shaped, having a s_lope at the 
beginning and end of field scan that is shallower than at 
the center of· field scan. The required slope for the 
nonlinearly waveshaped vertical rate modulation envelope 
of deflection current iv, as e~plained previously, is a 

· 20 slope that is steeper at the beginning and end.of field 
scan than at the center. Wave shaping circuit 138 
develops, from vertical sawtooth voltage 24 a modified, 
waveshaped vertical rate voltage 45. The addition of· 
vertical rate voltage 45 to vertical rate sawtooth voltage 

25 24 at the inverting input terminal of C!MPlifier UlC 
results in the correct waveform slopes ~o voltages Ve and 
Vd for providing north-south pincushion correction in a 
.square-planar picture tube. 

In.waveshaping circuit 138, vertical sawtooth 
30 voltage 24 is applied to the inve~ting input terminal of 

an operational amplifier UlA. Operational amplifier UlA 
!unctions as a double integrator to produce at·the 
amplifier output a vertical rate, third-order, s-shaped 
waveform 44. The AC zero-crossing of waveform-44 is 

35 slightly advanced re~ative to the center of field scan. 
Waveform 44 i~ first delayed by a re~istor Rs and a 
capacitor c3 and then applied to the inverting input 
terminal of an operational amplifier· UlB. Operational 
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amplifier UlB fµnctions as .an inverting amplifier to 
generate at its output an envelope modifying vertical rate 
voltage 45 having_an.AC zero•crossing at the center of 
field scan. 

5 _Envelope modifying vertical rate v~ltage 45 is 
combined with sawtooth voltage 24 at the inverting input 
terminal of control amplifier UlC to produce a nonlinear 
waveshape to the vertical rate envelope control v~ltages 
Ve and v0 • As a result, tlie verti~al rate sawtooth 

10 env~lopes of the waveforms in FIGURES 10a and ~Ob are 
waveshaped to produce an envelope of the line rate 
correction that has a steeper s!ope at the beginning and 
end of field scan than it would otherwise have had, and a 
shallower slope at the center of field scan. Proper 

.15 north-south pincushion correctio~ in a square-planar 
picture tube is thereby achieved. 

During the vertical retrace . interval'· the line 
rate modulation o~ vertical deflection current· iv changes 
from a negative goi~g·amplitude modulation during the 

20 first half of vertical retrace, similar to the negative 
going amplitude modulation 48n illustrated in FIGURE 6c, 
to a positive going amplitude.modulation during the second 

25 

· half (Jf vertical retrace, similar ~o the ·amplitude= · · 
modulation 48p of FIGURE 6c. The reversal of the 
direction.of amplitude modulation of field deflection 
current iv is. produced· by a ·-reversal in the phases of 
resonant voltage Vl and correction current i 1 in 
transform~r Tl during the vertical retrace interval. The 
phase reversal is accomplished when the modulation 

30 envelopes of voltage Vl and current i 1 decrease to zero 
height at some point within the vertic.al retrace interval. 
Beyond that point, the modulation envelopes begin to 
increase in height. 

In accordance with an inventive feature, control 
35 circuit 126 of FIGURE 3 varies the height of the 

modulation envelopes during vertical retrace in a manner 
that permits the modulation·envelopes to attain their 

iliiiU 
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proper heights at the beginning of the vertical trace 

interval. 
LC resonant circuit 22 tends to introduce an 

undesirable delay into the change of the heights of the 

. 5 modulation envelope of voltage .Vl. and curren:i;. i 1 , as. will 
now be· explained. Assume, for explanatory purposes, that 

control circuit 126 does not compensate for such 

undesirable delay. During the vertj.c~l retrace interval, 

between times T1-T6 of FIGURES lla-11f, the envelope 41a' 

10 and 4lb' of control voltage veQJ of-FIGURE 11a ~ecreases 

to zero height at time T3 , the center of the vertical 

retrace intervai, when vertical ~efl~cti~n current iv of 

FIGURES 11b and lle is zero. For better clarity, the line 

rate modulation of deflection current iv at?-d yoltage VeQ3 
15 is omitted from illustration in FIGURE 11. · · 

Due to the circulating energy in LC resonant 

circuit 22, the envelope 47a' and:47b' of oscillatory 

voltage V1 of FIGURE llc does not decrease to zero height 

until the later ~nstant T5 • The result.is that the height 

20 of the modulation envelope of oscillatory Vl has not 

rea~hed its proper value by time T6, the beginning of the 

vertical trace interval. As illustrated in: FIGURE llc, 

the envelope height is·still incr~asing rather than 

• 25 

decreasing for a significant number of raster lines after 

the start of vertical trace. Thus, the raster lines 

scanned at the start of vertical trace will have incorrect 

amounts of north-south pincushion correction. 

. ·As mentioned earlier, i_t is the circulating 

energy in resonant circuit 22, which in turn is related to 

30 the Q of resonant circuit 22, that is responsible for the 

introduced delay. Phase. and amplitude reversal during 

vertical retrace could have been accelerated by redu~ing 

the Q of resonant circuit 22. The result would have been 

an increased power consumption and distorted sine and 

35 cosine waveforms, since the filtering action of resonant 

circuit·22 would have been reduced. 
In accordance with an inventive_ aspect, control 

circuit 126 of FIGURE 3 provides delay compe~sation to 
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control voltage VeQl to insure that the mo~ulation 
envelope of oscillatory_voltage Vl achieves its proper· 
height at the beg~nning of the vertical. trace interval. 
To compensate for the delay in envelope crossover of 

. S oscillatory vol~ge Vl, control circ~t 126 changes the 
phase and modifies the amplitude variation o·f line rate 
control voltage 133B during the vertical retrace interval. 
The crossover of the modulation envelope of oscillatory 
voltage Vl is thereby advanced to the instant T2 of FIGURE 

10 llf, prior to the center of the vertical retrace interval 
at time T3 • . 

To produce the phase change and amplitude 
modification, the output of a comparator U2B is coupled to 
the output _of control switch· U2A and the output of a 

15 comparator U2D is coupled via a capacitor c19 and a diode 
03 to the output of control switch u2c •. A resistor R56 is 
coupled betwe~n ground·anq the junction of capacitor c19 
and diode 03. Vertical saw:tooth control voltage v0 is 

. differentiated by an RC netwo.~k comprising res~stors R44 
20 and R47 an<:I capacitors c12 and_c13 • The differentiated 

voltage .·developed across r~sistor R4 7 is app~ied to the 
inverting input teJ:minal of comparator U2B and to the 
noninverting input .terminal of comparator U2D •. During·-the 

25 

vertical retrace interval, control vol~age v0 is a sharply 
sloped, positive going, sawtooth si_gnal. The 
differentiation of voltage v0 therefore produces a 
relatively large positive voltage across resistor R47 
during the vertical retrade interval and a much smaller 
negative voltage during·the vertical trace interval. 

30 During the vertical -retrace interval, the large, 
positive, differentiated voltage at the inverting input 
termina~ ·of comparator U2B switches the·~utput of the 
comparator to ground. Line rate switching voltage 127H 
ceases to be generated during the vertical retrace 

35 interval. Thus, during the vertical retrace interval, 
T1-T6, of FIGURE lld the envelope portion 4la of control 
voltage VeQ3.is switched at zero volts by comparator U2B. 
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· During the vertical trace ~nterv:_al, comparator 
U2D is.in saturation and discharges capacitor c19 through 
resistor. a56 • Diode D3 is reverse biased and disconnects 
comparator U2D from control switch U2C. During_the 

5 vertical retrace interval, the differentiated voltage 
across resistor a47 cuts off comparator U2D. 

Capacitor c19 charges from the +25V source 
through .resistor a55 and resistor a56 • The major portion 
of the charge current from capacitor c19 passes through 

10 diode D3 and then divides between the output of control 
switch U2.C and resistor a41 • During each horizontal 
deflection cycle, the charge current of capacitor c19 
passes through resistor R41 when control switch U2C is cut 
off, and is bypassed to ground when control switch U2C is 

15 conductive. The charge-current of capacitor c19 produces 
a positive v~ltage drop across resistor a41 which adds to 
the positive going sequence of voltage leve~s of wave~orm 
128H during vertical retrace. The added voltage is 

20 

25 

highest at:time·T1 of FIGURE lld _and ceases towards time 
T4 when the charge current of capacitor c19 decreases to 
zero. The res~lt of the above explained operation of 
comparators U2B and U2D is that envelope portion 4la "of 

·FIGURE lld is switched to zero during the.interval T1 to 
T6 and that an extra vo_ltage, decreasing ~n amplitude, is 
added to the original envelope portion 41b from time T1 to 

':.. 

Comparing-the envelope 4la and 4lb of control 
vol~age VeQJ in FIGURE lld with the envelope 4la' and 4lb' 
in FIGURE lla, one notes that throughout vertical retrace, 

30 between times T1-T6, the envelope height in FIGURE lld is 
of relatively large value. The result is that control 
voltage 133H is of large amplitude during the entirety of 
vertical retrace. 

35 
Furthermore, because the line rate modulation of 

.control voltage veQ3 is provided solely by switching 
signal 128H during vertical retrace, control voltage .133H 
has the same phase during all of verti~al retrace as it 
has at the beginning of the subsequent vertical trace 
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· interval. Thus, during the entirety of vertical retrace, 
line rate excitation current pulses i 24 are produced_ with .· 
the same phase that they have at the start of vertical 
trace. 

s · .. The ex~tatj.on current pulses i 24 ~uring · 
vertical retrace develop an oscillatory voltage y1, 
illustrated in FIGURE 11f. that has an envelope 47a and 47b 
that decreases to zero hei~ht substantially faster than 
the coresponding envelope 47a' and 47b' in FIGURE 11c. 

10 ~e envelope reaches the zero height point in FIGURE llf 
·at the advanced time T2 • A much long~r ·time interval, 
T2-T6 ~ is available for the·~velope to begin increasing 
in height to its value at the st~ of trace at.time T6• 
Thus, by using comparators U2B and.U2D, control- circuit 

15 126 provides amplitude delay·compensation to voltage Vl 
during vertical retrace.· The degree of compensation is 
controlled by prope~ selection of the time constant of 
resistor·R55 and capacitor·c19 to avoi~ an overshoot of 

.the.line rate correction amplitude at time T6, the 
20 beginning of vertical trace. 

It should be noted that, for the purposes of 
clarity of explanation1the line rate modulation of the 
waveforms of FIGURES lla, 11b, lld, ana lle have been 
omitted from illustration. 

t 25 Because vertical deflection amplifier 21 may 
exhibit sigI;lificant output impedance at the line 
frequency, the line rate modulation of vertical deflection 
current.iv tends to produce a l:ine :rate component to · 
output voltage 21V. Integrated circuit vertical 

30 deflection amplifiers may not permit the use of a 
sufficiently large supply voltage to avoid producing 
voltage limiting effects~ The result may be a nonlinear 
drive at.the top and bottom of field scan •. . 

To .avoid voltage limiting effects, a capacitor 
35 c18 , damped by a resistor R53 , advantageous~y tunes 

~ertical deflection winding Lv to approximately the line 
frequency. The line rate co.rrection component of vertical 
deflection current iv circulates in the parallel tuned 
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circuit formed by winding Lv and capacitor c18 •. The 
branch of the· series connected capacitor c18 and resistor 
R53 provides a line rate current return path. The result 
is that a lower magnit'.lde line rate voltage appears at the 

5 output of vertical deflection amplifier 21. 

' . 

' .. 
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CLAIMS: 

1. In a television display apparatus that 

• provides for raster scanning of a picture tube which 

includes an aspherical £aceplate·(30) of relatively flat 

contour, a north-south pincushion correction circuit (23), 

s comprising: 
a field deflection winding (Lv); 

a field deflection amplifier (21) for generating 

field deflection current in said field deflection winding 

(Lv); 
10 an LC resonant circuit (22) coupled to said 

field deflection winding (Lv); and · 

means (123) responsive to line and field rate 

input signals for exciting said LC resonant circuit (22) 

into oscillation to generate a line rate voltage that is 

15 applied to said field deflection winding (Lv) and has an 

envelope that varies at a field rate for providing. 

north-south pincushion correction to said field deflection 

20 

current, 
characterized in that: 

. . 

said exciting means (123) generates said 

envelope in a manner that enables said envelope to reach 

zero height within said field re:trace interval at an 

advanced time prior to the center of the field retrace 

interval. 
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