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[57] ~ ABSTRACT

A series coupled inductance and active current con-
ducting device are coupled in parallel with a winding of
an output transformer of a horizontal deflection genera-
tor. Flyback pulses integrated in sawtooth waveforms
are combined with a vertical rate parabolic waveform
derived from a vertical deflection generator and cou-
pled to a control electrode of the active device for
controlling its conduction during each flyback interval
at a vertical rate for loading the output transformer and
thereby altering the horizontal scanning current in a
manner to correct for side pincushion distortion.

31 Claims, 2 Drawing Figures
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1
SIDE PINCUSHION CORRECTION SYSTEM

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made
by reissue. "

BACKGROUND OF THE INVENTION

This invention relates to a side pincushion correction
circuit for use in display systems such as television sys-
tems.

It is well recognized that the geometrical relationship
of the scanning beam or beams of a cathode ray tube to
the inside surface of the viewing screen over which
they are scanned causes a raster distortion known as
pincushion distortion. This distortion is characterized
by a widening of the display in a horizontal direction at
the top and bottom of the raster relative to the center
the raster. It is also well recognized that in many situa-
tions this distortion can be corrected by modulating the
horizontal scanning current at the vertical deflection
scanning rate. Frequently the modulation is in parabolic
form, causing a maximum decrease in horizontal scan-
ning current at the top and bottom of the raster, corre-
sponding to the beginning and end portions of the verti-
cal trace interval, relative to the horizontal scanning
current at the center of the raster.

The vertical rate modulation may be impressed upon
the horizontal scanning current in a number of ways. A
reactor may be placed in circuit with the horizontal
deflection coils and controlled to vary the impedance to
horizontal scanning current at the vertical rate. A trans-
former in circuit with the horizontal deflection coils
may also be utilized to achieve the required modulation.
A more recent approach is to rectify horizontal rate
energy, such as that obtained from a winding of the
horizontal output transformer, and utilize the rectified
current for supplying the vertical deflection output
stage. The vertical stage itself then loads the horizontal
winding such that the horizontal scanning current is
modulated at the vertical deflection rate. While this
arrangement is satisfactory, it would be desirable to
provide a raster correction circuit which offers a
greater degree of control over the modulation.

SUMMARY OF THE INVENTION

In accordance with the invention, a side pincushion
correction system is provided including a line rate de-
flection generator coupled to a line deflection winding
and a first winding of an output transformer for induc-
ing energy therein for defining trace and retrace inter-
vals during each line deflection cycle. An inductance
and an active current conducting device are serially
coupled between a terminal of a second winding of said
transformer and a point of reference potential. First
waveshaping means are coupled to a winding of said
transformer and a control electrode of said device for
enabling conduction of said device during said retrace
intervals. Second waveshaping means are coupled to a
field rate generator and said control electrode for mod-
ulating the conduction of said device at said field rate to
load said first winding and alter the scanning current in
said line deflection winding in a manner to correct for
side pincushion distortion.
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A more detailed description of the invention is given
in the following specification and accompanying draw-
ing of which:

FIGS. 1 and 2 are circuit diagrams of first and second
pincushion correction systems embodying the inven-
tion.

DETAILED DESCRIPTION OF THE
INVENTION

In FIG. 1, a winding 10a of an input reactance 10 is
coupled between a source of voltage B+ and one termi-
nal of a bidirectionally conducting switch 11. Winding
10a is also coupled to a commutating coil 13 and a ca-
pacitor 15 to one terminal of a second bidirectionally
conducting switch 16. An auxiliary capacitor 14 1s cou-
pled between commutating coil 13 and capacitor 13 and
ground. Switch 16 is also coupled through horizontal
deflection windings 18 and S-shaping capacitor 19 to
ground and through a primary winding 20a of a hori-
zontal output transformer 20 and a blocking capacitor
21 to ground. A horizontal oscillator 12 is coupled to
the gate electrode of one of the elements of switch 11. A
winding 10b of input reactor 10 is coupled through a
waveshaping network 17 to provide gating signals for
one element of switch 16. The circuit described thus far
is a horizontal deflection circuit of the retrace driven
SCR type described in U.S. Pat. No. 3,452,244. Since a
description of the operation of this circuit is unneces-
sary for an understanding of the invention, it will suffice
to say that the horizontal deflection circuit induces a
scanning current through the horizontal deflection coils
18 and induces horizontal rate energy into the primary
winding 20a of the horizontal output transformer 20.
The horizontal energy comprises a relatively short re-
trace portion and a trace interval portion. Switch 16
connects deflection windings 18 across current source
19 and winding 20a across source 21 during the scan
interval. Switch 11 connects elements 13, 14 and 15 to
receive energy from winding 10a during the commuta-
tion interval, which includes the retrace interval, to
receive energy to transfer this energy to capacitors 19
and 21 to replace losses during said deflection cycle.

A winding 20b of horizontal output transformer 20
supplies horizontal retrace pulses to a conventional high
voltage rectifier and multiplier 22 for producing a pOsi-
tive high voltage in the order of 25,000 volts for ener-
gizing the ultor terminal of a television picture tube.

The remainder of the circuit in FIG. 1 includes the
circuit embodying the invention for providing pincush-
jon distortion correction to the horizontal scanning
current.

A secondary winding 20c of output transformer 20 is
coupled to a rectifier 30 and filter network 31 for recti-
fying the horizontal retrace pulses and providing a
source of direct current. Filter network 31 is coupled
through series connected transistors 32 and 33 to
ground. Transistors 32 and 33 provide a complementary
symmetry push-pull output stage for the vertical deflec-
tion circuit. A vertical generator and driver stage 29
provides sawtooth drive signals at the vertical deflec-
tion rate for causing transistors 32 and 33 to conduct.
The common junction of the emitter electrodes of tran-
sistors 32 and 33 forms an output terminal which 1s
coupled through a coupling capacitor 34 to a vertical
deflection winding 35. The other terminal of vertical
deflection winding 35 is coupled through a feedback
resistor 36 to ground. An AC feedback signal is taken
from the top of resistor 36 and fed back to the vertical
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generator and driver 29 for linearity correction. The
vertical stage described thus far is conventional and any
suitable push-pull vertical amplifier may be utilized for
the purpose of providing vertical scanning current and
for the purpose of providing appropriate vertical signals
for use with the remainder of the pincushion correction
circuitry.

The output terminal of the vertical deflection stage is
coupled through the parallel combination of a varisble
resistor 37 and a capacitor 38 through an amplitude
potentiometer 39 and through an integrating capacitor
40 to ground. As can be seen more clearly in FIG. 2, the
waveform obtained at the output terminal of the verti-
cal deflection amplifier is essentially a sawtooth wave-
form. Variable resistor 37 passes a DC component of
this waveform and serves as a width control for the
pincushion correction circuitry, as will be explained
subsequently. Capacitor 40 integrates the sawtooth
waveforms to form essentially parabolic waveforms at
the vertical deflection rate. These parabolic waveforms
are coupled through a resistor 41 to the gate electrode
of an SCR 42. The main conduction path of SCR 42 is
coupled in series with an inductance 45 and this combi-
nation is coupled in parallel with a winding 20d of hori-
zontal output transformer 20.

The number of turns of winding 20d is selected to
provide a retrace pulse 47 having an amplitude of about
250 volts peak-to-peak, as shown. The positive-going
horizontal retrace pulses provide the anode voltage for
SCR 42. A series coupled resistor 44 and integrating
capacitor 43 are coupled in parallel with SCR 42 and
inductance 45. The junction of resistor 44 and capacitor
43 1s coupled to the gate electrode of SCR 42. Resistor
44 and capacitor 43 serve to integrate the horizontal
retrace pulses to form substantially sawtooth pulses
applied to the gate electrode of SCR 42. It is noted that
the horizontal rate sawtooth pulses and the vertical rate
parabola are combined at the gate electrode. The posi-
tive-going vertical rate parabola modulates the horizon-
tal rate sawtooth pulses such that SCR 42 conducts
more at the beginning and ends of the parabola, corre-
sponding to the top and bottom portions of the raster,
than at the center. When SCR. 42 is conducting, it cou-
ples inductor 45 in parallel with horizontal winding 20d
and loads this winding by diverting current through
inductor 45 to ground. The loading of horizontal wind-
ing 20d is reflected to the primary winding 20a. This
loading decreases the total inductance in the circuit and
results in a faster discharge of capacitors 14 and 15
during the horizontal retrace interval. This faster dis-
charge of these capacitors reduces the stored energy in
primary winding 20a and thereby reduces the energy
available for transfer to deflection winding 18, which in
turn reduces the width of the raster.

As this loading occurs during each horizontal deflec-
tion cycle modulated in a parabolic manner at a vertical
rate as described above, side pincushion correction is
thereby achieved. The DC potential at the gate elec-
trode of SCR 42 is determined by the setting of potenti-
ometer 37. This DC potential further biases the gate
electrode of SCR 42 to control its conduction during
the horizontal retrace interval to alter the amount of
current loading and thereby alter the width of the ras-
ter. In FIG. 2, another embodiment of the side pincush-
lon distortion correction circuit in accordance with the
invention is illustrated. It is noted that the horizontal
deflection circuitry to the left of horizontal transformer
20 1s omitted, as it may be the same as illustrated in FIG.
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1. Those components in FIG. 2 performing the same
function as in FIG. 1 are labelled with the same refer-
eénce numerals as in FIG. 1.

The substantially sawtooth waveform 51 obtained
from the output terminal of the vertical deflection out-
put stage is coupled through the parallel combination of
resistor 37 and capacitor 38 and through a resistor 39 to
an integrating capacitor 40. A potentiometer in parallel
with capacitor 40 serves as an amplitude control. The
wiper arm of potentiometer 70 is coupled through a
resistor 41 to the base electrode of a transistor 62. A
vertical rate parabolic waveform 53 is shown at the base
electrode of transistor 62. Transistors 62 and 63 serve as
a driving stage for the gate electrode of SCR 42. The
emitter electrode of transistor 62 is coupled through the
parallel combination of a resistor 59 and bypass capaci-
tor 60 to ground. The collector electrode of transistor
62 is coupled to the base of transistor 63 and through a
resistor 65 to the emitter electrode of transistor 63. The
collector electrode of transistor 63 is coupled through a
resistor 64 to provide the drive current for the gate
electraode of SCR 42. A tap 46 on winding 204 of hori-
zontal output transformer 20 is coupled to a rectifier
diode 67. Horizontal rate retrace pulses 55 having an
amplitude of approximately 50 volts peak-to-peak are
rectified by diode 67 and coupled through a resistor 68
to a filter capacitor 69, the other terminal of which is
coupled to ground. Direct current is obtained from the

junction of resistor 68 and capacitor 69. This direct
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provide operating current thereto and through resistor
65 to the junction of the base of transistor 63 and the
collector of transistor 62. The junction of resistor 68
and capacitor 69 is further coupled through a potenti-
ometer 66, which acts as a width control, and through
serially coupled resistors 57 and 58 to ground. The

junction of resistors 57 and 58 is coupled to the base

electrode of transistor 62 to provide direct current bias
thereto. Adjustment of potentiometer 66 varies the
amount of DC bias applied to the base of transistor 62.

The top terminal of winding 20d, from which hori-
zontal retrace pulses having an amplitude of approxi-
mately 250 volts peak-to-peak are obtained, is coupled
through a resistor 44 and an integrating capacitor 43 to
ground. At the junction of resistor 44 and capacitor 43,
horizontal rate sawtooth pulses 54 are obtained. It is
noted that the positive peak of the sawtooth waveforms
54 occurs during the horizontal retrace interval. The
sawtooth waveforms 54 are coupled through resistor 57
to the base of transistor 62, which amplifies and inverts
the waveforms which are then coupled to the base of
transistor 63 for further amplification and another in-
version, to provide positive-going sawtooth waveforms
coupled through resistor 64 to the gate electrode of
SCR 42.

It 1s noted that the vertical rate parabolic waveform
53 is combined with the horizontal rate sawtooth wave-
forms 54 at the base electrode of transistor 62. Thus, the
total waveform coupled through transistors 62 and 63
and applied to the gate electrode of SCR 42 comprises
the horizontal rate sawtooth waveforms riding on top
of the vertical rate parabolic waveforms. A further
component of this combined waveform is the direct
current component determined by the setting of width
control 66. This combined signal causes SCR 42 to
conduct during the latter half of each horizontal deflec-
tion cycle. The conduction is greatest at the beginning
and end of each vertical deflection cycle because the
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parabolic waveform 353 is most positive at these por-
tions. The conduction time of SCR 42 is decreased
toward the center of the vertical rate parabola 53.
The junction of vertical deflection winding 35 and
feedback resistor 36, at which a vertical rate sawtooth
waveform 52 is obtained, is coupled through a potenti-
ometer 61 to the emitter electrode of transistor 62. This
sawtooth waveform modulates the combined horizontal
rate sawtooth and vertical rate parabolic waveforms in

a manner to vary the amplitude at the beginning of the 10

vertical parabola relative to the amplitude at the end of
the vertical parabolic waveform. This adjustment as
determined by resistor 61 serves to adjust the tilt of the
raster by adjusting the width of the raster at the top
relative to the bottom.

As in FIG. 1, conduction of SCR 42 couples induc-
tance 45 to ground, placing a shunt load on horizontal
winding 20d. The current in inductance 45 is illustrated
by current waveform 56. The current builds up in a
positive manner to reach a peak at the end of the retrace
period and when SCR 42 is cut off, the current de-
creases and reverses itself through inductance 45 return-
ing energy to deflection winding 46 primarily during
the first portion of each horizontal scan interval follow-
ing each retrace interval. The loading of winding 204
by inductance 45 and conducting SCR 42 1s reflected to
the primary circuit of the horizontal deflection trans-
former and thereby alters the deflection current in the
horizontal deflection winding during the latter half of
the horizontal retrace interval at a vertical parabolic
rate such that the raster width is reduced at the top and
bottom relative to the center of the raster. This corrects
for the pincushion distortion.

It is noted that in accordance with a feature of the
invention the inductive loading of the horizontal wind-
ing 20d by inductance 45 causes the loading to occur
during the second half of each retrace interval. This
results in minimum effect caused by modulation of the
picture tube high voltage derived by rectifying the
horizontal retrace pulses because most of the high volt-
age energy is obtained from the winding 20d during the
middle portion of each horizontal retrace interval as the
retrace pulse reaches its peak voltage and the capaci-
tance in the multiplier and rectifier assembly 22 charges
to the peak voltage.

What is claimed is:

1. A side pincushion correction circuit comprising:

a line output transformer;

a line deflection winding;

a line deflection generator coupled to said deflection
winding and to a first winding of said transformer
for inducing energy therein for defining trace and
retrace intervals during each line deflection cycle;

a series coupled inductance and active current con-
ducting device coupled in parallel with a second
winding of said line transformer:;

first waveshaping means coupled to a winding of said
transformer for shaping retrace interval waveforms
obtained from said winding;

a field rate deflection generator;

second waveshaping means coupled to said field rate
generator; and

means for combining said line and field rate wave-
forms obtained from said first and second wave-
shaping means and for coupling them to a control
electrode of said active current conducting device
to conduct for different durations during the line
retrace intervals at the field rate for loading said
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transformer and thereby altering the current in said
line rate deflection winding in a manner to com-
pensate for side pincushion distortion.

2. A side pincushion correction circuit according to
claim 1 wherein said second winding provides operat-
ing voltage for said active device.

3. A side pincushion correction circuit according to
claim 2 wherein said first waveshaping means integrates
said retrace interval waveforms for forming substan-
tially sawtooth waveforms.

4. A side pincushion correction circuit according to
claim 3 wherein said second waveshaping means inte-
grates waveforms obtained from said field rate genera-
tor for forming substantially parabolic field rate wave-
forms for combining with said sawtooth line rate wave-
forms.

5. A side pincushion correction circuit according to
claim 4 wherein said active current conducting device is
a thyristor. S

6. A side pincushion correction circuit according to
claim § wherein said field rate deflection generator
includes a push-pull output stage obtaining its operating
current from rectifying means coupled to a third wind-
ing of said line rate output transformer such that said
field rate generator additionally loads said line rate
scanning current at a field rate in a manner to compen-
sate for side pincushion distortion.

7. A side pincushion distortion correction system
comprising:

a horizontal deflection generator of the retrace
driven type including first and second bidirectional
conducting switches, said second switch being
coupled to a deflection winding and a winding of
an output transformer and said generator supplying
energy for said deflection winding during a first
interval of each deflection cycle, said first interval
including the retrace interval;

a series coupled inductance and active current con-
ducting device direct current coupled in that order
between a terminal of a second winding of said
transformer and a point of reference potential,
retrace pulse energy obtained from said winding
supplying operating current to said active device;

first waveshaping means coupled to said second
winding and to a control electrode of said active
device for enabling conduction of said device dur-
ing the last portion of said honzontal retrace inter-
vals; and

second waveshaping means coupled to said control
electrode for providing a substantially parabolic
vertical deflection rate waveform for controlling
the conduction time of said active device during
said horizontal retrace intervals at said vertical rate
such that said first and second transformer wind-
ings are loaded by conduction of said active device
and scanning current in said deflection winding is
altered in a manner to correct for said side pincush-
ion distortion.

8. A television kinescope deflection apparatus compris-

ing:

a vertical deflection generator coupled to a vertical de-
fection coil for producing vertical scanning current
therethrough;

a horizontal deflection generator system for generating
horizontal rate current;

a horizontal deflection winding coupled to said horizon-
tal deflection generator for accepting horizontal rate
current therefrom for scanning;
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impedance means;

controllable switch means;

first coupling means for coupling said impedance means

and said controllable switch means in circuit with said
deflection winding for defining a path therewith for
said horizontal rate current; and

control means coupled to said vertical and to said hori-

zontal deflection generator systems and to said con-
trollable switch means for operating said controllable
switch means for controlling its conduction during
each flyback interval at a vertical rate for altering the
horizontal scanning current in a manner o correct
side pincushion distortion.

9. A television kinescope deflection apparatus according
to claim 8 wherein said impedance means comprises induc-
tance means.

10. A television kinescope deflection apparatus according
to claim 8 wherein:

said first coupling means couples said impedance means

in shunt with said deflection winding: and

said control means operates said controllable switch

means for durations during the horizontal retrace
interval which are varied in a manner for altering said
scanning current in a manner to reduce pincushion
distortion.

11. A television kinescope deflection apparatus according
to claim 10 wherein said impedance means comprises in-
ductance means and said control means operates said
controllable switch means by horizontal rate signals com-
bined with vertical rate parabolic signals.

12. A television kinescope deflection apparatus according
to claim 8 wherein said controllable switch means com-
prises an active current conducting device having a control-
lable main conduction path and also having a control
electrode.

13. A television kinescope deflection apparatus according
to claim 12 wherein said active current conducting device is
an SCR.

14. A television kinescope deflection apparatus according
to claim 12 wherein said controllable main conduction
path of said active current conducting device is serially
coupled with said impedance means.

15. A television kinescope deflection apparatus according
to claim 14 wherein said serially coupled impedance means
and said main conduction path of said active current con-
ducting device are coupled by said first coupling means in
parallel with said horizontal deflection winding.

16. A television kinescope deflection apparatus according
to claim 15 wherein said first coupling means comprises
transformer means.

17. A television kinescope deflection apparatus according
to claim 16 wherein said transformer means includes a first
winding coupled to said horizontal deflection winding and
a second winding coupled to said serially coupled impe-
dance means and active current conducting device main
conduction path,

18. A television kinescope deflection apparatus according
to claim 16 wherein said transformer means includes a first
winding coupled in parallel with said horizontal deflection
winding and a second winding coupled across said serial
combination of said impedance means and said main con-
duction path of said active current controlling means.

19. A television kinescope deflection apparatus according
to claim 8 wherein said control means operates said con-
trollable switch means during the second half of each re-
trace interval.

20. A television kinescope deflection apparatus according
to claim 8 wherein said control means varies the conduc-
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tion time of said controllable switch means during the
horizontal retrace interval at the vertical rate.

21. A television kinescope deflection apparatus according
to claim 20 wherein said impedance means is coupled in
serial combination with said controllable switch means,
and said serial combination is coupled in parallel with said
horizontal deflection winding.

22. A television kinescope deflection apparatus according
to claim 8 wherein said control means comprises:

parabola waveshaping means coupled to the vertical
deflection generator for generating a parabolic signal
at the vertical deflection rate;

horizontal rate waveshaping means coupled to said hori-
zontal deflection generator system for generating a
horizontal rate signal having a maximum during said
horizontal retrace pulse period; and

modulating means coupled to said parabola waveshap-
ing means and to said horizontal rate waveshaping
means for generating horizontal rate pulses modu-
lated by said parabola signal.

23. A television kinescope deflection apparatus compris-

ing:

a vertical deflection generator coupled to a vertical de-
Sflection coil for producing vertical scanning current
therethrough,

a horizontal deflection generator system for generating
horizontal rate current;

a horizontal deflection winding coupled to said horizon-
tal deflection generator for accepting horizontal rate
current therefrom for scanning;

impedance means;

controllable switch means;

means coupling said impedance means and said control-
lable switch means in circuit with said deflection
winding for defining a path for said horizonial rate
current;

control means coupled to said vertical and to said hori-
zontal deflection generator systems and to said con-
trollable switch means for operating said controllable
switch means at a time during the horizontal retrace
interval which is progressively advanced during the
first half of the vertical scan interval and which is

progressively retarded during the second half of the
vertical scan interval for altering said scanning cur-

rent in a manner to reduce pincushion distortion.

24. A television kinescope deflection apparatus according
to claim 23 wherein said impedance means is coupled in
shunt with said horizontal deflection winding.

23. A television kinescope deflection apparatus according
to claim 23 wherein said impedance means is serially cou-

pled with said controllable switch means.

26. A television kinescope deflection apparatus according
to claim 25 wherein said impedance means and serially
coupled controllable switch means are coupled in shunt

with said horizontal deflection winding.
27. A pincushion correction circuit for a kinescope de-

flection apparatus including horizontal and vertical deflec-

tion generator systems, comprising:

a horizontal deflection winding coupled to the horizontal
deflection generator system for accepting scanning
current therefrom,

an impedance circuit including an inductor;

first coupling means for coupling said impedance circuit
with said deflection winding;

controllable switch means including a control electrode
and a controlled current path serially coupled with
said impedance circuit; and
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control means coupled to the horizontal and vertical transformer means having a primary winding and a
deflection generator and to said control electrode for secondary winding; and

wherein said primary winding is coupled with said de-

operating said controllable switch means at a time flection windi J said d ndine i
during th half of the horizontal retrace int éclion Winding ana said seconaary winding is cou-
uring the second half of the horizonta. retrace inter- 5 pled with said impedance circuit.

val which time is progressively advanced during a first _ : e _ .
portion of the vertical scan interval and which is pro- v h‘:?e;': ;‘; f;ﬂf;ﬁﬁ;ﬁ;ﬂ?;:sﬁ:f’g: ;ﬁ’?‘ci:
gressively retarded during a second portion of the | '
vertical scan interval for altering said scanning cur- 31. A pincushion correction circuit according to claim 30
rent in a manner to reduce pincushion distortioh. . 1 wherein said controlled current path of said uncontrollable
28. A pincushion correction circuit according toclaim 27 gyisch comprises the anode-to-cathode conducting path of

wherein said first coupling means couples said impedance  g¢qid SCR: and
circuit in parallel with said deflection winding. said control electrode of said controllable switch means
29. A pincushion correction circuit according to claim 28 comprises the gate of said SCR.
s 3

wherein said first coupling means comprises; 15 *. = »
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