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raster distortions associated with a cathode ray tube display may be
~exacerbated by the use of a curved face plate CRT and the inherent
magnification in the optical projection path. The use of a curved face
plate CRT may offer benefits in a reduction of projection path length,

10 and may also enable optical imaging simplification. - However, the tube
deflection may require the generation of specially shaped, highly stable,
correction waveforms in order to achieve more stringent convergence
requirements imposed by large screen viewing.
_ _ A deflection correction waveform generator comprises a

15 correction circuit for generating a horizontal rate parabolic shaped
signal which is used for correcting pincushion distortion. An amplitude
measuring means is coupled to .the parabolic shaped signal and
generates a control signal output. The control signal is coupled to the
correction circuit to control an amplitude of the parabolic shaped signal

20 to a predetermined peak value.

FIGURE 1 is a simplified block diagram of a CRT projection
display including inventive features and rasters depicting various
geometrical distortions. ' |

FIGURE 2 is a simplified schematic drawing showing

25 inventive features of FIGURE 1.

FIGURE 3 depicts various inventive waveforms.

FIGURE 4 depicts the inventive waveforms of FIGURE 3
occurring about the horizontal blanking interval. '

FIGURE 5 illustrates a concave, curved face plate of a CRT.

30 A video display employing cathode ray tube projection is
illustrated in FIGURE 1(A). Three cathode ray tubes are mechanically
arranged, and optically coupled, to project images from CRT phosphor
display surfaces to form a single raster on a screen. Each CRT displays
an essentially monochromatic color raster appropriate to the color

35 signal coupled thereto. The color signals are derived from a_display
signal input signal. The center CRT, for example, displaying a green
raster, may be positioned such that the raster center is orthogonal to
the screen. The two other tubes are symmetrically displaced from the
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cathode ray tubes shown in FIGURE 1(A) and FIGURE 5, have a curved,
concave spherical phosphor display surface. FIGURE 5 depicts in profile,
a front section of a CRT having a concave spherical display surface, and
indicates the radius of curvature and display image diagonals for two
tube sizes. Curved face plate cathode ray tubes are manufactured, for
example, by MATSUSHITA, as type P16LETO7(RJA) red channel,
P16LETO7(HKA) green channel, P16LET07(BMB) blue channel. Thus,
the projected image, composed of the three rasters in register on the
screen, requires corrective deflection waveforms to compensate for
geometrical distortions resulting from the combination of electron beam
deflection, tube face plate shape and optical display path. |

_ Various forms of geometrical distortion result from electron
beam scanning. For example, FIGURE 1(B) illustrates geometrical
distortion in the vertical scanning direction known as North-South

" pincushion distortion. With this form of distortion the vertical scanning

speed may be considered to be modulated, producing incorrect
positioning, bowing or sagging, of the horizontal line scan structure as
shown in FIGURE 1(B). A similar distortion of the horizontal line scan

.structure is illustrated FIGURE 1(C) where the line placement is bowed

at a multiple of horizontal scanning rate. This form of distortion is
termed gullwing distortion. The desired result of deflection waveform
correction is. illustrated in FIGURE 1(D) which represents the displayed,
registered, combination of the three colored rasters. In FIGURE 1(D) the

“vertical position of the horizontal scan lines of each raster have been

corrected such that they are nominally parallel, one with the other, and
any differential placement errors have been minimized to largely
eliminate the formation of spurious colored edges or convergence
errors. North South pincushion correction conventionally utilizes a
horizontal rate parabola which is modulated with a vertical rate ramp
signal. This. form of modulated waveshape usually provides adequate
correction of vertical pincushion errors. However, the use of concave
face cathode ray tubes. in conjung¢tion with the projection optics
introduces raster edge line placement errors which are not fully

TOHAS BEEN
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5 compensate for delay, or horizontal phase shift, resulting from low pass
filtering effects produced by the combination of slew rate limitation in
the auxiliary deflection amplifier and inductance of the auxiliary
deflection coil.

The various methods for reducing displayed geometrical and

10 convergence errors are of limited value unless the resultant correction
is stable -with temperature variation, and is insensitive to power supply
and beam current loading effects.

In FIGURE 1(A) video signal is input at terminal A and is
coupled to a chroma processor 30, which extracts from the signal, color o

15 components, for example, red green and blue for display on cathode ray
tubes 510, 530, 560. The three cathode ray tube displays are optically
projected to form a single image on screen 800. The video signal at
terminal A is also coupled to a synchronizing pulse separator 10, which
derives horizontal HS, and vertical rate sync pulses VS, from the signal.

20 The separated horizental sync pulses HS are coupled to a_phase locked
loop horizontal oscillator ahd deflection amplifier 600. Separated
vertical sync pulses VS, are coupled to a vertical oscillator and
deflection amplifier 700. The horizontal PLL oscillator and deflection
amplifier 600 is coupled to three horizontal deflection coils, RH, GH, BH,

25 which are connected in parallel. Coil RH represents the red horizontal
deflection coil, and coils GH and GB represent the green and blue
horizontal deflection coils respectively. Similarly, the vertical oscillator
and deflection amplifier 700.is coupled to three vertical deflection coils
connected in series, where RV represents the red vertical coil, GV and

30 BYV the green and blue coils respectively.

Deflection waveform correction is provided by corrective
currents coupled to individual horizontal and vertical auxiliary
deflection coils positioned, for example, on each tube neck. Auxiliary
deflection coils RHC and RVC, deflecting in the horizontal and vertical

35 directions respectively, are positioned on the red CRT neck. Similarly,
auxiliary deflection coils GHC and GVC, and BHC and BVC, green and blue
respectively, are located on the green and blue CRT necks. The -
auxiliary deflection coils are driven by auxiliary horizontal and vertical

30 ThISSthaSBWO di spl ay enpl oyi ng cat hode ray tube | pl‘oj eqjj Q“,!J § \l
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and blue channels. The composite correction signal is developed by
summation of a selection of signals having particular waveform shapes
and individual amplitude control. Horizontal correction signals which

10 are generated by circuitry within a pulse and waveform generator 20,
and are coupled to the red, green and blue horizontal correction
suinming amplifiers, 500, 520 and 540. An inventive “vertical
correction signal generator 50, shown in greater detail in FIGURE 2,
generates a correction signal which is coupled to the red, green and blue

15 vertical correction summing amplifiers, 505, 525 and 545. The vertical
correction signal generator 50 receives a horizontal retrace signal input
HRT, from the horizontal oscillator and deflection amplifier 600, and a
vertical rate sawtooth signal from the pulse and waveform - generator
20. The pulse and waveform generator 20 receives a vertical rate pulse

20 VRT, from the vertical oscillator and amplifier 700 and the horizontal
retrace pulse HRT from the horizontal deflection amplifief 600. In
addition to generating deflection drive signals, the pulse and waveform .
generator produces various deflection waveform -correction signals with
the exception of North / South pincushion correction. |

25 The vertical correction signal generator 50 is shown in detail
in FIGURE 2. The horizontal retrace pulse signal HRT, is used to
generate a horizontal rate ramp signal which is integrated to form a
horizontal rate, generally parabolically shaped signal. The parabolic
signal is applied to a modulating circuit which is modulated by a

30 vertical rate ramp signal. The modulating circuit generates a modulated
signal comprising the parabolic shaped signal which is amplitude
modulated responsive to the vertical rate ramp signal. The vertical
‘ramp modulates the parabolic signal, linearly reducing the amplitude to
zero at the center of the field period at which point the polarity is

35 inverted and the parabolic signal is linearly increased, achieving full

' amplitude at the end of the field. The modulated correction signal,
depicted in FIGURE 1(E) at vertical rate, is coupled to the auxiliary

~ deflection amplifiers 505, 525, 545, to produce a North South
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the formati sn ) osqmmaiusﬂming cof dbligepeak pm}seeagqﬂnade may be modulated
by the video content of the displayed image, as illustrated in waveform
B of FIGURE 4. Such retrace pulse modulation may result in spurious,

10 unwanted horizontal phase modulation of correction signals relative to
the horizontal deflection. The advantageous zemer diode clipper is
selected to have a breakdown voltage which corresponds to the retrace
pulse  amplitude value at which the horizontal PLL oscillator is
synchronized. Since clipped pulse HZC, and the derived correction

15 waveforms, are derived from the same retrace pulse amplitude value as
the horizontal PLL, unwanted phase modulation between deflection and
correction signals can be essentially eliminated ensuring that both
deflection and correction waveforms track together. The horizontal PLL
is synchronized at a retrace pulse amplitude of nominally 6.8 volts,

20 hence clipping zener diode D1 is selected to have a 6.8 volt break down
voltage. Thus the nominally 22 volt retrace pulse HRT 60nt'ain_ii1g power
supply loading and video dependent amplitude and pulse shape
variations are advantageously eliminated by the clipping action of zener
diode D1. The zener diode produces a nominal pulse amplitude of 7.4

25 volts peak to peak, which represents +6.8 volts plus -0.7 volt reverse
conduction. The advantageous use of zener diode clipper D1, largely -
removes video signal and beam current related variations of retrace |
pulse shape and amplitude. Thus undesirable horizontal phase
modulation of the correction waveform is largely eliminated. A further

30 advantage arising from zener clipping of retrace pulse HRT prior to
differentiation is the generation of accurate, stable reset pulse widths,
independent of retrace pulse shape, rise time or amplitude. Reset
pulses are generated from the same polarity of differentiated pulse
edge. Furthermore the reset pulse may have a duration, or width,

35 greater than half the duration of retrace pulse HRT, which is not
possible if the reset pulse is differentiated without clipping.

The clipped retrace pulse HzC, at the cathode of diode D1 is
coupled to a series network comi)rising a capacitor C1 which is
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5 applied to the base of transistor Q1. The emitter terminal of transistor
Q1 is connected to ground and the collector terminal is connected to a
capacitor C2 via a resistor R4. The emitter terminal of transistor Q2 is
connected to a +12 volt supply via a resistor RS and the collector is
connected to the junction of capacitor C2, resistor R4 and the base of a
10 transistor Q3. Transistor Q3 functions as an emitter follower with the
' collector terminal connected to ground and the emitter terminal
connected to the +12 volt supply via a resistor R6. Transistor Q2 is a
constant current source where the current magnitude is controlled by
. signals coupled to the emitter and base terminals. The collector current .
15 of transistor Q2 charges capacitor C2 towards +12 volt generating a
nominally linear ramp of increasing voltage. The differentiated positive
edge of the clipped retrace pulse is applied to the base of transistor Q1
causing it to saturate for approximately 8 microseconds. Thus the ramp
-voltage, formed across capacitor C2, is discharged via transistor Q1 and
20 resistor R4. The discharge time constant of ramp forming capacnor C2
is largely determmed by resistor ‘R4, which is selected to generate an
exponentially shaped voltage discharge ramp. The horizontal rate,
shaped ramp signal is coupled, via emitter follower Q3, to series
connected capacitor C3 and resistor R7 which are coupled to an
25 inverting input of an integrating amplifier Ul. Amplifier Ul is powered -
from the +12 volt supply via a resistor R9, and from the -12 volt supply
via a resistor R8. The non-inverting input of amplifier Ul is grounded.
, Circuit 100 is an advantageous horizontal rate in_tégrator
and reset pulse generator. The clipped retrace pulse HZC is also coupled
30 to a series connected network comprising a capacitor C100 which is
connected to a series connected pair of resistors R100 and R101.
Resistor R101 is connected to ground and the junction of the resistors is
connected to the base of a transistor Q100. The time constant of the
series connected network differentiates the clipped retrace pulse, with
35 the positive edge causing transistor Q100 to saturate for 5 microseconds
generating integrator reset pulse IR. The emitter terminal of transistor
Q100 is connected to a resistor 3102 which is connected to the output of
Ul, and the collector terminal is connected to the inverting input of Ul.
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20 The separa.tedd hori zontal sync pul ses are couple phase
The ramp signal is coupled via capacitor C3 and resistor R7,
to the inverting input of amplifier Ul. The output terminal of amplifier
Ul is coupled, via integrating capacitor C101, back to the inverting
10 input thus causing the ramp signal be integrated, and generating a
generally parabolic shaped output signal P. The output signal P, of
integratof .Ul is connected to a clipper or active clamp advantageously
formed by advantageous circuit 200. Parabolic correction signal P is
connected to an emitter terminal of a transistor Q200. The collector of
15  transistor Q200 is connected to ground and the base is connected to the
base of a transistor Q201. The base and collector terminals of a
transistor Q201 are connected together and the emitter is connected to
ground. Thus transistor Q201 functions as a forward biased voltage
reference diode which accurately determines the Vbe of clipper
20 transistor Q200. The junction of the base -and collector terminals of
transistor Q201 are coupled to the +12 volt supply via a resistor R200,
which limits the collector .current to approximately 1 milliamp. The
~current gain of transistor Q201, for example 100, establishes a base
current of about 10 microamps. The connection of transistor Q201 base
25 and collector terminals results in feedback which generates a
base/collector to emitter potential of approximately 0.5 volts, set by the
base current of 10 microamps. The 0.5 volt developed across transistor
Q201 is applied to the base of transistor Q200 and thus establishes a
temperature stable clamping potential at the transistor Q200 emitter.
30 " The output terminal of amplifier Ul, for example IC type
TLO82, is connected to the emitter of transistor Q200. Amplifier Ul has -
an internal current limitation of approximately +/- 25 milliamps, hence
this determines the maximum current which may be conducted by
transistor Q200 during clamping. Transistor Q200 has a current gain of,
35 for example 100, thus, during clamping a base current of approximately
250 microamps results, with a Vbe of approximately 0.6 volts. Since
the base to emitter voltages of transistors Q200 and Q201 are tied
together and track with temperature, a clamping potential of



f""-
| 00 hor| zontal oscilTator and deflection anplifier 600 Eepar_
syn qéﬁsﬁé&kﬁ&dcoupl ed to a vertical oscillator and _defl%cti¥on™ I

arrpl | hori zontal PLL oscillator and deflection anplifier 600

is c hori zontal deflection 8ils, RH GH BH 25 which are

connect In Coil RH represents the red hori zontal deflection

coil, and coi I s (Ha repr, t he reen and blue horizo .

def | ect i on mn%lmglwc?%& F‘l?é?’ﬁitﬁaﬁ \established (3t sransistor | &73*0 frpitter.

defl ection 'Ehnbufwgatn?@fkngﬁalceuphmioh@ athke it crndfil esft umb%m:drs Ul
a§§

BV the. gr ecieatiiipd BUCTR, %@P i e riaBbistEh Q200 ERiter et on

ection is
provi ded byapproxémately cuk0Gnmi mle-ed to individual horizontal and

verticals auxiliary defrhgChaabofiel ska 'sl%zv Pi1€6ut lﬂrpemt@ rﬂﬁre@qh id Uzﬁﬁ‘?
neck. Auxiliary deflection coils RH a

J e hor zont
and vert i cafomfiFcted; Yid. SPRRE qanascls JSPVtora |°6‘Hgﬂl ﬁe

neck. Sini¢mitter of transistor Q2 to advantageously prov1de modulauon of the

ramp forming current generated at the collector. The parabolic shaped
modulation current, injected at the emitter of transistor Q2 causes the

10 ramp slope to be reduced at the beginning and end. Thus when the
ramp is integrated by integrator Ul, a modified parabolic’ shape results |
which is required for gullwing distortion correction. It was discovered
‘that, unlike previous .sources of gullwing deflection distortion, the _
particular gullwing errors resulting from the use of curved or concave

15 face plate tubes required gullwing correction having an opposite
polarity to that previously employed.

The parabohc shaped output signal P from integrator U1l is
also coupled to an inventive amplitude control circuit 300. Control
circuit 300 compares the amplitude of parabola P against a zener diode

20 derived reference voltage and generates an output voltage which is
applied to the ramp current source generator to form a negative
feedback control loop. Thus inventive amplitude control circuit 300
provides a control loop which may. correct for amplitude variations
resulting during horizontal ramp and parabolic signal .generation. The

25 . parabolic shaped signal P is coupled to the base of a transistor Q300
which is arranged with a transistor Q301 as an emitter coupled or
differential amplifier. The emitter terminal of transistor Q300 is
connected to ground via a parallel combination of a resistor R300 and a
capacitor C300. ‘The emitter of transistor Q300 is also connected to an

30 emitter terminal of transistor Q301 via a resistor R301 which provides
gain degeneration and aids control loop stabilization. The base terminal
of transistor Q301 is connected to a DC reference potential generated at
the junction of a zener diode D300 and a resistor R303. Resistor R303 is
connected between the +12. volt supply and the cathode of a zener diode

35 D300, the anode of which is connected to ground. Zener diode D300 has
a breakdown voltage of 5.6 volts which is applied to the base of
transistor Q301 and results in approximately 5 volts appearing across
cdpacitor C300. It is desirable that signal P be generated with a
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connected to the +12 volt supply. Resistor R302 and capacitor C301
form a low pass filter which smoothes the horizontal rate current pulses
and generates a control voltage which is coupled to the base of

. transistor Q2 to control the amplitude of the modulated current source.

10 The parabolic shaped signal P, coupled to the base of transistor Q300
causes current flow when the parabolic waveform peak exceeds the
vo'ltage across capacitor C300 plus the Vbe potential of transistor Q300.
Thus parabolic waveform peaks greater than nominally 5.6 volts cause
the voltage across capacitor C300 to increase. The increased voltage

15 across capacitor C300 results in a decrease in the Vbe potential of
transistor Q301 which reduces the collector current flow. Hence the
voltage developed or dropped, across resistor R302 and capacitor C301
and coupied to transistor Q2 base, is reduced. Thus, the current in ramp
forming transistor Q2 is controllably reduced, reducing the ramp

20 amplitude and restoring the amplitude of parabolic signal P to 5.6 volts.
Inventive amplitude control loop -300 includes the -ramp and parabola
generators and maintains the peak amplitude of the parabolic shaped
signal P equal to the voltage across diode D300. Thus the amplitude of
correction signal P is maintained essentially constant and independent

25 of power supply and component variations.

An advantageous pulse width control circuit 400, generates

a direct current which is ‘coupled to the inverting input Ul. Integration
of this DC by I.C. Ul results in a horizontal rate, tilt or ramp component
being added to. the horizontal rate parabolic signal P. The inverting

30 input of integrating amplifier Ul is connected via a resistor R409 to an
advantageous pulse width control circuit 400. The direct current
coupled via resistor R409 is derived from measurement of a pulse
width with reference to a divided potential derived from the positive
and negative 12 volt power supplies. As described for advantageous

35 circuit 200, negative excursions of the parabolic signal P are clamped to
-100 millivolts by circuit 200. The clamping action circuit 200 sinks
current from the output circuitry, of amplifier Ul, resulting in current
limitation due to the current limiter within I.C. Ul. The output circuitry
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pi ncushi on RS8,r ¢he isupply current step to the limitation value will result in a
voltage step or pulse, due to the voltage drop across supply resistor RS.
Thus current limitation in L.C. Ul generates a positive pulse PC, at the

10 junction of resistor R8 and 1.C. Ul, having a duration equal to the
duration of the clamping action of circuit 200. Pulse PC, is coupled to
series connected resistors R401 and R402. Resistor R402 is connected
to the -12 volt supply and the junction of the resistors forms a potential
divider which is connected to the base terminal of a transistor Q400.

15  Transistor Q400 functions as a saturating switch, with the emitter
terminal conngcted to the ~12 volt supply. The collector terminal of
transistor Q400 is connected via a resistor R404 to the +12 volt supply.
Transistor Q400 collector is also connected to a low pass filter formed

. by series connected resistor R403 and shunt connected capacitor C400.

20 Capacitor C400 is connected to the +12 volt supply with the junction
connected to the base terminal of an emitter coupled amplifier
transistor Q401. The collector terminal of transistor Q401 is connected
to ground and the emitter is connected to the +12 volt supply via a
resistor R405. The emitter of Q401 is also coupled to the emitter

25 terminal of a transistor Q402 via a resistor R406. Transistors Q401 and
402 may be considered as a differential amplifier with gain
degeneration, or loop damping, resulting from resistor R406 in
transistor Q402 emitter. The base of transistor Q402 is connected to the
junction of resistors R407 and R408 which form a potential divider

30 ' coupled between the positive and negative 12 volt supplies. Resistor
R408 is connected to the -12 volt supply and resistor R407 is connected
to the +12 volt supply. The-collector terminal of transistor Q402 is
decoupled to ground by a capacitor C401 and is connected to the
inverting input of integrating amplifier Ul via a resistor R409. ‘

35 The positive pulse PC, at resistor R8, is amplified and
inverted b(y transistor Q400. The inverted collector pulse is low pass
filtered, or integrated, by resistor R403 and capacitor C400 to produce a
DC voltage VPC. The low passed DC voltage VPC, has an amplitude




25 ThlSSheﬁHasm cefertical correction signal generator 50!| S s’h"w_n i

det ai u"mum The hori zont al retrace pul se si gnal HRTl s _used- 'E‘*o
gener rate ranp signal rig]pl S integrated to forma. ==

hori zontal rate, generally parabolically s ed signal. The parabolic
signal is applied to a nodulating circuit which is nodulated by a 30
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545, to pro uce a
erence potentxal and a compensating correction in pulse width.

to the re
To improve the accuracy of pulse PC, resistors R407 and R408 have 2%
resistance value tolerances. The potential divider genefates a reference
10 voltage equal to a ratio of 11/63.5 of the voltage existing between the
. positive and hegative 12 volt supplies. .The ratio of 11/63.5 represents
the width, or duration, of pulse PC as a ratio of the horizontal period.
Thus, variations of voltage VPC are compared with the reference
voltage, which represents the desired pulse duration, and cause a
15 corrective current to flow in transistor Q402. The corrective current IT,
| is coupled via resistor R409 to vary the bias current at the inverting
input of amplifier Ul. The integrated effect of the corrective DC bias
current IT, introduced by resistor R408, is to cause the 'output signal of
Ul to be superimposed on a shallow ramp having a slope proportional
20 to the current IT. Thus parabolic signal P is tilted, c'ausiqg the
waveform cusps to have different DC potentials, with the ‘result that
negative parabolic signal excursions are clamped by circuit 200. The
clamping action results in " the generation of current limit pulse PC,
having a width or duration which is controlled responsive to the
25 corrective bias current IT. The advantageous pulse width control circuit
400, forms a control loop which compensates for variations in, power
supplies and the clamping voltage of circuit 200.
The shaped parabolic correction signal P, from integrator Ul,
is coupled to a balanced modulator I.C. U2 which generates a vertical
30 rate pincushion correction signal. The modulated output signal from LC.
U2 is coupled via correction amplitude controls to auxiliary deflection
amplifiers, 505, 525 and 545 and auxiliary vertical deflection coils RVC,
GVC and BVC which correspond respectively to the red, green and blue.
colour projection tubes. Integrated circuit U2 generates suppressed
35 carrier amplitude modulation of the horizontal rate parabolic signal
with a vertical rate sawtooth signal to produce the modulated
waveform, or bow tie signal, illus'trated in waveform E of FIGURE 1.



R@laéedve current in the auxiliary deflection.goiks. RVC,. GVC
BVC A hori zontal retrace pulse signal HRT is ycmurﬂ ed-‘-‘w a, B
resis cat hode of zener diode clipper D1 which EFLATED i

advant ageousl y generat es a clipped pul se HZE2 The hori zont al
HRT has a nomnally 22 volt peak arrpl i tude, . however the shape and

b comt obt 1" FUSTRGE! TS SSRGS B oher e bt g
FI GURE 4. Suehatienships ﬂepxmeth)dutmgl an horizomal!l intérvat puf;d(r)gﬁn? Ileeefetr%nct:%d
EQY?QE‘S?J"EE%%?%‘%‘E“B eﬂ@"ﬁ 1abhal sRtral8 bt BRT. .‘*‘Sgeﬁ ghal, amplitgdes
"have. a break’ﬂo UnstEative, pusppsesdonly, t Retrager pulse HRT may be
5 denved for example, from a CRT heater winding on a horizontal
~ deflection output transformer, and may have a pulse amplitude of
approximately 22 volts. The pulse depicted in (A) has a nominal
duration of approximately 12 microseconds and is illustrated without
typical shape, width and rise time modulations resulting from various
- 10  loading mechanisms. Waveform R represents the horizontal rate ramp
R occurring at the collector of transistor Q2 of FIGURE 2. Ramp R is
depicted with a linear ramp up since gullwing corrective shaping is
omitted for drawing clarity. However, the exponential reset period
resulting from the action of discharge resistor R4 is shown. The shaped
15 parabolic signal is depicted by waveform P, generated at the output of
LC. Ul in FIGURE 2. The specific parabolic signal start and stop times
are more accurately depicted in waveform (A) of FIGURE 4. However,
the advanced horizontal phase of parabolic signal P relative to
horizontal retrace pulse HRT, illustrates the advantageous phase
20 advance required to compensate for delaying effects present in the
correction signal path. Hence deflection correction is provided which is
horizontally centered with respect to horizontal deflection.
Waveform (B) of FIGURE 3, illustrates the modulated
parabolic correction current ICOR, for-example, in the green vertical
25 correction coil GVC. Correction current ICOR is depicted centered in the
horizontal raster scan. When waveform ICOR is viewed at horizontal
rate, as in (B), all vertical scan lines are superimposed, hence the
vertical rate modulation applied to the parabolic signal effectively fills
in the waveform as depicted. ‘Furthermore, waveform ICOR is depicted
30 with two apparent parabolic signals of differing amplitudes, this
' depiction results from the use of suppressed carrier amplitude
modulation of signal P by the vertical sawtooth. Shaped parabolic
signal P is illustrated with a phase advance A, for example, 5
microseconds, required to horizontally center the corrective effect
35 produced by the auxiliary deflection / correction coil. The shaped
parabolic correction signal is advanced in time as a result of the tilt
component generated by the bia‘_s current introduced via resistor R409.
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M ived fromthe sanme ret ragle% pul se anplitudé value as the=====
want ed phase nodul ation ween defl ection and correction

signals can be essentially elimnated ensuring that both defl ect | on and

correction wavef orns gﬁcvﬁt e R

a retrace pul se anpli ?ﬁ orr?ngvlalvzﬂgngc(%hz@%ﬂ% thén‘c‘:é"?: | pp| ger

di ode D1 i sVaHPuS§t Rrveformse ulilized \x9| {SCPLERtR Mnawmageousrmmpmve

nom nal |y 2gayeférmheshage p@&eemncwawefdtmgpp%ﬂfowmani:ﬁ ng and

deo d d h d
ol ?n"na?ES“Be“Lq@‘%lhbpﬁh@% OISR ar s, ddionsh cwiurdhanet, quich
produces a prowidel specific aoptelctmGie a0fsphcif125rastarl lmcatnmsk thibrmV\/(nAQh
represents gfn@s Vet ?hﬁkﬂi? B? Bﬁi’a‘?r%&g‘ﬂ eo ¢ gna+}e ﬂlgé(at'ﬁt ageous

use of zener d| ode o ar gely remgves v beam
current rel ERlativgate aY%ﬂBs ovayefor m{o‘eoccumng during the display of left and

right raster sides. At time RHS, t3 - t0, the right hand side of the raster
is displayed, and correction waveform P is shaped by the clamping

10 action circuit 200. Advantageous clamp 200 clips the negative cusps or

" peaks which results in zero corrective waveform amplitude during time
t3 - t0, for example, 5 microseconds. The saturation, or current limit
pulse PC is depicted occurring at time RHS, 13 - 10. The falling edge of
pulse PC is coincident with the start of the integrator reset pulse IR,

15 since. pulse IR ends the integration period and thus ends parabola
generation. Any instability in horizontal timing of waveform P will be
indicated by movement of the leading edge of pulse PC, which changes
the pulse width. Although waveform P is reduced to zero at time RHS,
during the right side of the raster is displayed, the actual modulated

20 ‘current ICOR,in the respectlve correction coils is not only delayed but
also suffers a degradation in rise / fall times. Thus the apparent abrupt
waveform discontinuity of signal P at time t3 is smoothed or flared
towards a zero correction value. The horizontal phasing, or starting
point t1, of correction waveform generation is determined by the

25 integrator reset pulse IR. When pulse IR ends at time t1, capacitor C101
is allowed to integrate and initiate generation of correction waveform
signal P. At time LHS, t1 - 2, the left hand side of the raster is
displayed, and corrective waveform P is shaped by integration of the
exponential shape EXP; occurring during times t1 - 2. The exponential

30 shape is generated by the discharge of capacitor C2 via resistor R4.
During time LHS, correction waveform P has a shape resulting from
integration of the exponentially shaped discharge portion of ramp signal
R. At time t2, ramp reset pulse RR ends, exponential discharge ceases,
and linear ramp generation is initiated. Thus for trace time, between

35 t2-t3, ramp R is integrated producing the parabolic shapéd component
of correction waveform P. After time t2, linear ramp Ris generated with
gull wing compensation, which following integration, produces the
nominally parabolically shaped correction signal P.



ari si | i pping of retrace pulse HRT prior to differentiation
S t accurate, stable resef 4ul se wi dths, independent of
retrace pul se shape rise time or anplitude. Reset puI ses are generated
fromthe same polarity of differentiated pulse edge. Furthernore the reset
pul se may have a dur ‘iihe)rparabolnpdsignat&oxgpeamt aofhaarneationt kignadr Bt i on of

retrace pul h I r
rerrace b Hfél'st hﬁcf)ﬁl}'ttﬁcfbﬁtﬂ‘ meeglﬁbh %&gfe dgttnfn wheh %cﬁﬂatéd by t the

cat hode of V&’&ﬂ\é\i @W@o%upﬁédgfigubo%eﬁq é’énﬁ‘é{ﬁtﬁﬁﬁgg Eg?‘f’gr %%P@& ‘E or
C1l which i signal6component is shaped to provide gull wing correction, and has
5 further shaping or flaring to provide left and right raster edge
_correction. Hence the parabolically shaped correction signal, is
generated with an advanced horizontal phase, comprising various
regions, shaped to produce corrective effects at specific raster locations.
Thus accurately defined and stably implemented deflection correction
10 is provided for high quality image display.

uI se s ed t ude. Thus undesirabl e horizontal phas
the m formis largely elimnated. A further 30
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connected to junction of the }EzzBeen% nnect ed o Pha-
base of a m “ e tinme constant of mE Ell nnetCted " netvvork '
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t he base of

connect ed to‘ﬁf‘ound and the collector termnal is connected to a capacitor
Yehat iRclaimeda$itter terminal of transistor @ is. connected to

uppl y 1vi a A rdefiedtion I%orfwldmawméfbﬂﬁt ggneﬁt %ﬁﬁél i 0 the

C2 via ares
a +12 volt s
Junctlon of

Transi stor B functi ond LOTIGCUAR tct"

transistor QL. The emtter termnal of transistor QL is

capacitor C2, resjistor . ?[}dpp'the base

connect ed t opgraholic ashapede ségnalt dor t conrecting cpincashion tdistortion: 2and;! t

supply via achg zel ransi stor @ is a constant current source where
rragl?ﬁ‘ft%ga ?S% ntrolled by signals coupled to the emtter and

the current

base terminals. TAR aBplitude: measuzing means (B0)neoupled @ saidr ges
capaci tor C2pasabdlits shhpedOsigrift "¢PYdnd génerating a control signal output,

said control signal being coupled to said correction circuit to
control said parabolic shaped signal (P) in amplitude to maintain a
predetermined peak value.

2. The deflection correction waveform generator of claim 1,
characterized in that said control signal is coupled to form a
negative feedback control loop to .control said parabolic shaped
signal (P) amplitude.

3.. The deflection correction waveform generator of claim 1,
characterized in that said correction circuit comprises a horizontal
frequency ramp generator (Q1, Q2, Q3) coupled to an integrator
(U1) to generate said parabolic shaped signal (P) therefrom.

4. The deflection correction waveform generator of claim 3,
characterized in that said control signal is coupled to said
horizontal frequency ramp generator (Q1, Q2, Q3) for amplitude
control thereof.

5 The deflection correction waveform generator of claim 4,
characterized in that said ramp amplitude is controlled responsive
to a fraction of said parabolic shaped signal.

6 The deflection correction waveform generator of claim 3,
characterized in that said horizontal frequency ramp ‘generator
(Q1, Q2, Q3) comprises a controllable constant current source Q2)
coupled to charge a capacitor (C2).

7 The deflection correction waveform generator of claim 1,
characterized in that -said predetermined peak value is '
determined by a zener diode (D300) voltage reference.

oSERCTRING R OHGPF tfﬂfteterm nal



nominal ly |inear ramp of increasi ng voltage. The differenti at ed posr tive-

edg retrace pulse is appli edﬁnesﬂe&eiabn&ek actdr an étﬁr Ql Ll
caui'm"”mmm,gﬁfﬂj te for approximtely 8 m us the " rarrp T
vol t age¢ formedsac ss capacitor C2, is di sch istor QL and 20
resistor R4. The discharge tine constant 16f ra orm ng capamtor C2is
I'argely determ ned by resistor R4, which is selected to generate an
exponential ly shaped voltage di scharge ranp. The horizontal rate, shaped

ranp signal is coupled, via emtter follower (B3, to series connected
capaci tor C3 and r@si & odefléctidti ORavéforap Woresktbp eomapbisiagiverting input of

~an integrating anmplifier deﬁﬁégBI | ftﬁg}\}%bl s powered fromthe +12 vol't
R8.

supply via a resistor R ¢ volt supply via a resistor
The non-inverting inputa cdeﬂmpiqnf cancuitl (525)reoupled. toCisaidi defl@dion coil

advant ageous (i@v% Zeyt @hzéﬁgtﬁ,g "} Yrd oﬁ%ﬂ@ﬁﬁttheﬂilﬁe generator. The

clipped retrace pul se | so coup S&Hes connect ed network
conpri sing a-capacitor 1YTGHHAY wave orm generator ) generating a

horizontal rate parabolic shaped signal (P) for correcting
pmcushlon distortion; and, characterized by

an amplitude measuring means (300) coupled to said
parabolic shaped signal (P) for measurement and generating a
control signal output coupled to said correction waveform
generator (Ul) for controlling said parabolic shaped signal (P) in
amplitude, said parabolic shaped signal (P) being coupled to said
deflection circuit (525) to generate said correction current '
responsive thereto

9. The deflection waveform corrector of claim 8;
characterized in that said control signal output is coupled to form
a negative feedback control loop for amplitude control of said
parabolic shaped signal (P).

10. The deflection waveform corrector of claim 8,
characterized in that said amplitude measuring means (300)
compares said parabolic shaped signal amplitude with a DC
reference voltage and generates said control signal responsive to
said comparison.

11. The deflection waveform corrector of claim 10,
characterized in that a peak amplitude value of said parabolic
shaped signal (P) is compared to a zener diode (D300) stabilized
voltage reference.

12. The deflection waveform corrector of claim 8,
characterized in that said correction waveform generator (20)
comprises a horizontal frequency ramp generator (Q1, Q2, Q3)
coupled to an | integrator (Ul) to generate said parabolic shaped
signal (P) therefrom. 1



CMS connected pair of resistors RL00 and‘F\’lb”l
R101 is ¢ \o ground and the junction of the reS|st' L S—-canhe
to Bﬁ“‘gmﬂm\anm stor QLOO. The tine constant of the seri es connect ed
net rentitates the clipped retra pul se, with 35 the positive
edge” causing transistor QL00 to saturate for 5 microseconds generating
-integrator reset pulse IR The emitter terminal of transistor QIOOis

connected to a r et oPEI UG J#&Véf@ﬁﬂ%&&@d& &hecwﬂﬁpv; of UL, and

the coll ector, term nal connect to t erti ut, o 7 Thus
t ransi st or beﬁ“tﬁt%ﬁﬁ‘lig@b tgi"‘t s8¢ control, signg sPBﬁP“%l “’PFFe E!“nt egrating
capaci tor C2anfplitudei nifegaid aanfpor med by 1. C. Ul. Since the discharge time
constant of resi stor R102 and integrating capacitor Cl01

14. The deflection waveform corrector of claim 11,
characterized in that a fraction of said parabolic shaped signal (P)
is coupled to control an amplitude of said ramp.

15. A deflection correction waveform generator comprising:
a deflection correction circuit (U2, 525) coupled for
correcting deflection distortion;
a horizontal frequency ramp generator (Q1, Q2, Q3)
having a controllable ramp amplitude;
an integrator (Ul) coupled to said ramp generator
(Ql Q2, Q3) and generating a parabolic shaped signal (P)
therefrom; and, characterized by
- an amplitude comparator (Q300, Q301) coupled 'to said
mtegrator (Ul) and measuring a peak amplitude of said parabolic
‘'shaped signal (P), said comparator (Q300, Q301) generating a
control signal coupled to said ramp generator (Q1, Q2, Q3) to
control said amplitude of said ramp, and said parabolic shaped
signal (P) being coupled- to said deflection correction circuit
(U2, 525) for deflection distortion correction.
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i s s eet ¢edly 0.5 m croseconds, int egrat or capgpttor=€0L: is 5
rapi d nd held reset for the remai nder of the Tedhducti on:

peri o nal is coupled via capacitor C3 and rilesi st 6t R?tufo the"
i nvertlng |nput of anplifier Ul.. The output term nal of ampfrfrer—oFrs—
coupled, via integrating capacitor Cl0l,1gack to the inverting 10 input

t hus causi ng the ranp signal be integrated, and generating a generally

par abol i ¢ shZPRAPOLIC WRRECTION | STENAIT MPDIAUTEt CGNTBORILOBP of integrator Ul is
connected to a clipper or active clanp advantageously forned by

advant ageous circuit 200..Pg EHE | P I's connected to an
ector tranS| stor 'QR00

emtter termnal of adAﬁﬁFSto {1)
i s connected to ground*af8UChHOB, estE‘Bnﬁé’Heéa"f‘b §1gga BFpy
transistor Qmiprisés danaltiplying| ciecnivr (U2) rforagenedating mapineashiof?01 are

connect ed t%ﬁéﬁ{mpr&q ﬁﬁe(gfcgbgzerA iﬂoﬁ%ﬂ?ﬁt ﬁ%qhgn@y%lﬂﬂa d@u& transi stor

Q@01 functions as ‘ed"vo
5 generated by a clipped retrace pu se (Hzc). The ramp generator

(Q2, C2) has an output (R) coupled to an integrating circuit (Ul) for
generating a parabolic shaped signal (P). The ramp generator
(Q2, C2) and ramp integrator (Ul) are reset at a horizontal rate by
reset pulses of differing durdtion. The different duration of reset
10 pulses results in the parabolic signal (P) having regions of non-
parabolic shape. The parabolic shaped signal (P) is coupled to an
input of the multiplying circuit (U2). A control circuit (300) is
coupled to the parabolic shaped signal (P) for maintaining a peak
amplitude thereof by controllable coupling to the ramp generator
15 (Q2, C2). A control loop (400) is coupled to the integrator (Ul) for
controlling an integrator input bias current (IT) to generate the
parabolic shaped signal (P) at a predetermined time interval.

~
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em tter of Transistor Q2 to advantageously provide nmodulat+en=6f~the ranpi -
form Ur, £ ted at the collector. The parabol j| cTt8h&ped ' mudutati on
curreﬁS ethgﬂ%eergﬁ ﬁEé’?he emtter of transistor @ cause§ the Ei@f:bﬁﬁ;—_&km&aie
to be mmmm%m begi nning and end. Thus when the r 'S 1 ntegrated by
I nt egr ' fied parabolic sRdpe results which is required for

gul lwing distortion correction. It was discovered that, unlike previous
sources of gullw ng deflection distortion, the particular gullwing errors
resulting fromthe use of curved or concave 15 face plate tubes required
gul | Wi ng correction having an opposit ity to that previously

enpl oyed. par abol i ¢ shaped output?gﬂgggl fromintegrator Ul is also
coupl ed tOIZﬁiIﬂKHﬂive anplitude control circuit 300. Control circuit 300
conpares the anypl@tude of parabola P against a zener diode 20 derived

ref erence voltgg
ranp curreN sour

and gener ates ol tage which is applied to the
gener at o forma negat

R~ HRT—

R~




f.eedback control Ioo ., Thus inventive anplitude control
prOV|db Shee whi ch may correct for anplitude '
resul ti zontal ranp and parabolic signal ge e
parabol aI P is coupled to the base of a transistor (B00 mhlch
is arranged mnth a transistor (B01 as4am emtter coupled or differential
amplifier. The emtter termnal of tramsistor B00 is connected to ground
via a parallel conbination of a resistor R300 and a capacitor C300. The
emtter of transistor Q00 is al so conne oZbn 30 emtter termnal of
transi stor B0l via a resistor R301 which provides gain degeneration and
ai-ds control |oop %@ﬁxilization. The b term-nal of transistor B0l is
connected to a DC r rence potential/ ted at the junction of a zener
di ode D300 and a resistor R303..Resi is connected between the +12

volt supply and the cathode of a zeper di ode \35 D300, the anode of which
i i br eakdown voltage of 5.6

| psec.

Hzc




transi stor B01 and_results in approximately 5 volts appeariRg-—actross——"

caw is desirable that signal P be generated witdwzar x-i;‘:\‘SgSEEN "l

) |

maxi mal anpl i teéﬁ‘i@ tacetovever, too |arger parabolic signal ianpl ikgseie ey
CauSghistSh to breakdown and clip signal P. Thus=a=texrnuom
anpl i \m ts is selected t®/gvoid break over effects in

transi ' e collector of transistor BO1 is connected to a 5
paral | el conbi nation of a resistor R302 and a capacitor C301 which are

connected to the +12 volt supply. Resistor R302 and capacitor C301 form a
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10 The parabolic shaped signal P, coupled to the base of transi.stor QBOO
causes current flow when the par abol i ¢ wavef orm peak exceeds the vol tage .
acr oss capamtor C300 plus the Vbe potential of transi stor QB00. \ﬂ-liqu
parabolic waveform peaks greater than nominally 5.6 volts caL%B %ﬁtage
across capacitor C300 to increase. The increased voltage:15 .Jacross -
capacitor C300 results in a decrease in t he lvbe potential of transistor
QB01 which reduces the coI I ector current flow Hence the voltage devel oped

or dropped, acrosp, 30 ‘h‘?ﬁ_,ibop

transi stor 2 bas€, | ] mp 10T
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anplitude co o) cly sthe ranp and parabol a generators and
mai nt ai ns thgbée% thgge, ¢ aspggbgf tﬁﬁﬁ' arabolic shaped signal P equal to t he

vol t age aeross di ode 08 PWG%“P%e‘YRﬁpV%Q%éh& ayothe asugh geametrical
mai nt ai ned egastot i distortiomss assyciaed withepevatinéde ray tube display may be

exacerbated by the use of a curved face plate CRT and the inherent
magnification in the optical projection path. The use of a curved face
plate CRT may offer benefits in a reduction of projection path length,

10 and may also enable optical imaging simplification. However, the tube
deflection may require the generation of specially shaped, highly stable,
correction waveforms in order to achieve more stringent convergence
requirements imposed by large screen viewing.

A deflection correction waveform generator comprises a

15 correction circuit for generating a horizontal rate parabolic shaped
signal which is used for correcting 'pinctishion distortion. An amplitude
measuring means is coupled to .the parabolic shaped signal and
generates a control signal output. The control signal is coupled to the
correction circuit to control an amplitude of the parabolic shaped signal.

20 to a predetermined peak value.

FIGURE 1 is a smphfied block diagram of a CRT projection
display including inventive features and rasters deplct_mg various
geometrical distortions.

FIGURE 2 is a simplified schematic drawing showmg

25 _inventive features of FIGURE 1.

FIGURE 3 depicts various inventive waveforms.

FIGURE 4 depicts the inventive waveforms of FIGURE 3
occurring about the horizontal blanking interval.

FIGURE 5 illustrates a concave, curved face plate of a CRT.

30 A video display employing cathode ray tube projection is
illustrated in FIGURE 1(A). Three cathode ray tubes are mechanically
arranged, and optically coupled, to project images from CRT phosphor
display surfaces to form a single raster on a screen. Each CRT displays
an essentially monochromatic color raster appropriate to the color

35 signal coupled thereto. The color signals are derived from a display
signal input ‘:signal. The center CRT, for example, displaying a green
raster, may be positioned such that the raster center is . orthogonal to
the screen. The two other tubes are symmetrically displaced from the




25 of power supply and conponent variations. An advantageous:pul se-wi-dth™
contriol circuit 400, generates a direct current which is: éoupled to thﬁ
inverting input UL. Integration of this DC by I.C. Ul results igalll. Q%
hori zontal rate, tilt or ranp conponent being added to tth&shori- zofit al - rate
parabolic sirgnal P. The inverting 30 input of integrating- anplitier UI7is
connected via a resistor R4A09 to an advant ag%ous pul se wi dth control
circuit 400. The direct current coupled via resistor R409 is derived from
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circuitry5 geometncal distortions resulting from electron beam scanning.
cathode ray tubes shown in FIGURE 1(A) and FIGURE 5, have a curved,
concave spherical phosphor display surface. FIGURE 5 depicts in profile,
a front section of a CRT having a concave spherical display surface, and
indicates the radius of curvature and display image diagonals for two
10 tube sizes. Curved face plate cathode ray tubes are manufactured, for
example, by MATSUSHITA, as type P16LETO7(RJA) red channel,
P16LETO7(HKA) green channel, P1IGLET07(BMB) blue channel. Thus,
the projected image, composed of the three rasters in register on the
screen, requires corrective deflection waveforms to compensate for
15 geometrical distortions resulting from the combination of electron beam
deflection, tube face plate shape and optical display path.

Various forms of geometrical distortion result from electron
beam scannmg For example, FIGURE 1(B) illustrates geometrical
distortion in the vertical scanning direction known as North-South

20  pincushion distortion. With this form of distortion the vertical scanning
speed may be considered to be modulated, producing incorrect
positioning, bowing or sagging, of the horizontal line scan structure as
shown in FIGURE 1(B). A similar distortion of the horizontal line scan
structure is illustrated FIGURE 1(C) where the line placement is bowed

25 at a multiple of horizontal scanning rate. This form of distortion is
termed gullwing distortion. The desired result of deflection waveform
correction is illustrated in FIGURE 1(D) which represents the displayed,
registered, combination of the three colored rasters. In FIGURE 1(D) the
vertical position of the horizontal 'scan lines of each raster have been

30 corrected such that they are nominally parallel, one with the other, and
any differential placement errors have been minimized to largely
eliminate the formation of spurious.colored edges or convergence
errors. North South pincushion correction conventionally utilizes a
horizontal rate parabola which is modulated with a vertical rate ramp

35 signal. This form of modulated waveshape usually provides adequate
correction of vertical pincushion errors. However, the use of concave
face cathode ray tubes in conjunction with the projection optics
introduces raster edge line placement errors which are not fully
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10 of 1.G Ul remains in the current limted condition fibs @ twhe duratlmn of | ,
t he cl anped negative signal excursion. The current limtjlng co 1 !
within anplifier UL may be observed by nonitoring the cufkgnf. llgd%%ﬁ

the*-12 volt supply. For exanple, at the onset of clippi Ahe—cur el
will increase to the limting value and remgin there for the duration of
clipping. Since the -12 volt supply is coupled via a resistor R8, the
supply current step to the limtation value will result in a voltage step
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5 compensate for delay, or horizontal phase shift, resulting from low pass
filtering effects produced by the combination of slew rate limitation in
the auxiliary deflection amplifier and inductance of the auxiliary
deflection coil. _ |
The various methods for reducing displayed geometrical and
10 convergence errors are of limited value unless the resultant correction
is stable with teinperatur_e variation, and is insensitive to power supply
and beam current loading effects. -
In FIGURE 1(A) video signal is input at terminal A and is
coupled to a chroma processor 30, which extracts from the signal, color
15 components, for example, red green and blue for display on cathode ray
tubes 510, 530, 560. The three cathode ray tube displays are optically
projected to form a single image on screen 800. The video signal at
terminal A is also coupled to a synchronizing pulse separator 10, which
derives horizontal HS, and vertical rate sync pulses VS, from the signal.
20 The separated horizontal sync pulses HS are coupled to a_phase locked
loop horizontal oscillator and deflection amplifier 600. Separated
vertical sync pulses VS, are coupled to a vertical oscillator and
deflection amplifier 700. The horizontal PLL oscillator and deflection
amplifier 600 is coupled to three horizontal deflection coils, RH, GH, BH,
25  which are connected in parallel. Coil RH represents the red horizontal
deflection coil, and coils GH and GB represent the green and blue
horizontal deflection coils respectively. Similarly, the vertical oscillator
and deflection amplifier 700.is coupled to three vertical deflection coils
connected in series, where RV represents the red vertical coil, GV and
30 BYV the green and blue coils respectively.
| Deflection waveform correction is provided by corrective
currents coupled to individual horizontal and vertical auxiliary
deflection coils positioned, for example, on each tube neck. Auxiliary
deflection coils RHC and RVC, deflecting in the horizontal and vertical
35 directions respectively, are positioned on the red CRT neck. Similarly,
auxiliary deflection coils GHC and GVC, and BHC and BVC, green and blue
respectively, are located on the green and blue CRT necks. The
auxiliary deflection coils are driven by auxiliary horizontal and vertical



to the -12 volt supply and the junction of the re5|storsJoL_rrs a potentlal
di vider which is connected to the base termnal of a tr$1n51 stor @100 15 =y
Transi stor Q400 functions as a saturating switch, with tlhe emtterteriinal
connected to the -12 volt supply. The collector term nal, ©f..transi stor Q400
is connected via a resistor R404 to the +124volt suppl yi= {raé’sﬂ I 1@5@

coliector is also connected to a |ow pass filter formed by series connecte‘d
C400. Capacitor C400 is
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RA06 in and blue channels. The composite correction signal is developed by
summation of a selection of signals having particular waveform shapes
and individual amplitude control. Horizontal correction signals which
10 are generated by éircuitry within a pulse and waveform generator 20,
and are coupled to the red, green and blue horizontal correction
summing amplifiers, 500, 520 and 540. An inventive vertical
correction signal generator 50, .shown in greater detail in FIGURE 2,
generates a correction signal which is coupled to the red, green and blue
15  vertical comection summing amplifiers, 505, 525 and 545. The vertical
correction signal generator 50 receives a horizontal retrace signal input
HRT, from the horizontal oscillator and deflection amplifier 600, and a
vertical rate sawtooth signal from the pulse and waveform - generator
20. The pulse and waveform generator 20 receives a vertical rate pulse
20 VRT, from the vertical oscillator and amplifier 700 and the horizontal
retrace pulse HRT from the horizontal deflection amplifief 600. In
addition to generating deflection drive signals, the pulse and waveform
generator produces various deflection waveform correction signals with
the exception of North / South pincushion correction.
25 The vertical correction signal generator 50 is shown in detail
in FIGURE 2. The horizontal retrace pulse signal HRT, is used to
generate a horizontal rate ramp signal which is integrated to form a
horizontal rate, generally parabolically shaped signal. The parabolic
signal is applied to a modhlating circuit which is modulated by a
30 vertical rate ramp signal. The modulating circuit generates a modulated
signal comprising the parabolic shabed signal which is amplitude
modulated responsive to the vertical rate ramp signal. The vertical
ramp modulates the parabolic signal, linearly reducing the amplitude to
zero at the center of the field period at which point the polarity is
35 inverted and the parabolic signal is linearly increased, achieving full
amplitude at the end of the field. The modulated correction signal,
depicted in FIGURE 1(E) at vertical rate, is coupled to the auxiliary
deflection amplifiers 505, 525, 545, to produce a North South



transistor Q402 emtter. The base of transistor Q402 is*%onng ed..t o theé
junction of resistors R407 and R408 which form a potenq 5P dPV|der 0 i
coupl ed between the positive and negative 12 volt suppl 3
i s*connected to the -12 volt supply and resistor R407 i Qﬂﬁ1 =
+12 volt supply. The collector term nal of &ransistor 'S decoupled to
ground by a capacitor C401 and is connected to the inverting input of
integrating anplifier UL via a resistor R409. 35 The positive
pul se PC, at piachshion Rerrectiveaeprient du thedauxiliary aleflsgtion ml%t%YCQ@HC The
i nverted col | BM@) r %ie&ﬁvbry | ow pass filtered, or integrated, by resistor

R103 and capaci t or OOAt@o@{&qwgecgaclecpmmgﬁavﬁﬁfr Theduplepazses OC

vol tage VPC, has an a
resistor Rl to the cathode of zener diode clipper D1 which

5 advantageously generates a clipped pulse HZC. The horizontal retrace
pulse HRT has a nominally 22 volt peak amplitude, however the shape
and horizontal phasing of the peak pulse amplitude may be modulated
by the video content of the displayed image, as illustrated in waveform
B of FIGURE 4. Such retrace pulse modulation may result in spurious,

10 unwanted horizontal phase modulation of correction signals relative to
the horizontal deflection. - The advantageous zener diode clipper is
selected to have a breakdown voltage which comresponds to the retrace
pulse - amplitude value at which the horizontal PLL oscillator is
synchronized. Since clipped pulse HzC, and the derived correction

15 waveforms, are derived from the same retrace pulse amplitude value as
the horizontal PLL, unwanted phase modulation between deflection and
correction signals can be essentially eliminated ensuring that both
deflection -and correction waveforms track together. The horizontal PLL
is synchronized at a retrace pulse amplitude of nominally 6.8 volts,

20 hence clipping zener diode D1 is selected to have a 6.8 volt break down
voltage. Thus the nominally 22 volt retrace pulse HRT containing power
supply loading and video dependent amplitude and pulse shapé
variations are advantageously eliminated by the clipping action of zener
diode D1. The zener diode produces a nominal pulse amplitude of 7.4

25 volts peak to peak, which represents +6.8 volts plus -0.7 volt reverse
conduction. The advantageous use of zener diode clipper D1, largely
removes video signal and beam current related variations of retrace
pulse shape and amplitude. Thus undesirable horizontal phase
modulation of the correction waveform is largely eliminated. A further

30 advantage arising from zener clipping of retrace pulse HRT prior to
differentiation is the generation of accurate, stable reset pulse widths,
independent of retrace pulse shape, rise time or amplitude. Reset
pulses are generated from the same polarity of differentiated pulse
edge. Furthermore the reset pulse may have a duration, or width,

35- greater than half the duration of retrace pulse HRT, which is not
possible if the reset pulse is differentiated without clipping.

The clipped retrace pulse HzC, at the cathode of diode Dl is
coupled to a series network comi)rising a capacitor C1 which is
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the differential anplifier forned by transistors @01 ana 102 where it is i
conpared with a reference DC vol tage generated by potent rua,l div} ger‘* t““ﬁ ;
resi stors-R407 and R408. The potential divider is 5 coupl iedbet-ween. the.-
supply vol tages which power the integrator gnd allied circuitry, thus’
variations in either supply will result -in a change to the reference
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transi stor orrec
capacitor C2 via a resistor R4. The emitter terminal of transistor Q2 is

connected to a +12 volt supply via a resistor RS and the collector is
connected to the junction of capacitor C2, resistor R4 and the base of a
.10 transistor '‘Q3. Transistor Q3 functions as an emitter follower with the
collector terminal connected to ground and the emitter terminal
connected to the +12 volt supply via a resistor R6. Transistor Q2 is a
constant current source where the current magnitude is controlled by
signals coupled to the emitter and base terminals. The collector .current
15 of transistor Q2 charges capacitor C2 towards +12 volt generating a
nominally linear ramp of increasing voltage. The differentiated positive
edge of the clipped retrace pulse is applied to the base of transistor Ql
causing it to saturate for approximately 8 microseconds. Thus the ramp
voltage, formed across capacitor C2, is discharged via transistor Q1 and
20 resistor R4. The discharge time constant of ramp forniing‘ capacitor C2
is largely determined by resistor R4, which is selected to generate an
exponentially shaped voltage discharge ramp. The horizontal rate,
shaped ramp signal is coupled, via emitter follower Q3, to series
connected capacitor C3 and resistor R7 which are coupled to an
25 inverting input of an integrating amplifier Ul. Amplifier Ul is powered
from the +12 volt supply via a resistor R9, and from the -12 volt supply
via a resistor R8. The non-inverting input of amplifier Ul is grounded.
Circuit 100 is an advantageous horizontal rate integrator
and reset pulse generator. The clipped retrace pulse HZC is also coupled
30 to a series connected network comprising a capacitor C100 which is
connected to a series connected pair of resistors R100 and R101.
Resistor R101 is connected to ground and the junction of the resistors is
connected to the base of a transistor Q100. The time constant of the
series connected network differentiates the clipped retrace pulse, with
35 the positive edge causing transistor Q100 to saturate for 5 microseconds
generating integrator reset pulse IR. The emitter terminal of transistor
Q100 is connected to a resistor R102 which is connected to the output of
Ul, and the collector terminal is connected to the inverting input of Ul.
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The ramp signal is coupled via capacitor C3 and resistor R7,
to the inverting input of amplifier Ul. The output terminal of amplifier
Ul is coupled, via integrating capacitor C101, back to the inverting
10 input thus causing the ramp signal be integrated, and generating a

generally parabolic shaped output signal P. The output signal P, of
integrator Ul is connected to a clipper or active clamp advantageously
formed by advantageous circuit 200. Parabolic correction signal P is
connected to an emitter terminal of a transistor Q200. The collector of
15 transistor Q200 is connected to ground and the base is connected to the
base of a transistor Q201. The bas¢ and collector terminals of a
transistor Q201 are connected together and the emitter is connected to
ground. “Thus transistor Q201 functions as a forward biased voltage
reference diode which accurately determines the Vbe of clipper
20 transistor Q200. The junction of the base -and collector terminals of
transistor Q201 are coupled to the +12 volt supply via a resistor R200,
which limits the collector current to approximately 1 milliamp. The
current gain of transistor Q201, for example 100, establishes a base
current of about 10 microamps. The connection of transistor Q201 base
25 and collector terminals results in feedback which generates a
base/collector to emitter potential of approximately 0.5 volts, set by the
base current of 10 microamps. The 0.5 volt developed across transistor
Q201 is applied to the base of transistor Q200 and thus establishes a
temperature stable clamping potential at the transistor Q200 emitter.
30 The output terminal of amplifier Ul, for example IC type
TL082 is connected to the emitter of transistor Q200. Amplifier Ul has
an internal current limitation of approximately +/- 25 milliamps, hence
this determines the maximum current which may be conducted by
transistor Q200 during clamping. Transistor Q200 has a current gain of,
35 for example 100, thus, during clamping a base current of approximately
250 microamps results, with a Vbe of approximately 0.6 volts. Since
the base to emitter voltages of transistors Q200 and Q201 are tied
together and track with temperature, a clamping potential of



U2 is coupled via correction anplitude controls to aubqu Wary, . C.
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5 The parabolic shaped s1gnal output P, of mtegrator Ul is also
connected via series connected resistor R10 and capacitor C4 to the
emitter of transistor Q2 to advantageously provide modulation of the
ramp forming current generated at the collector. The parabolic shaped
modulation current, injected at the emitter of transistor. Q2 causes the

10 ramp slope to be reduced at the beginning and end. Thus when the
ramp is integrated by integrator Ul, a modified parabolic’ shape results
which is required for gullwing distortion correction. It was discovered
that, unlike previous sources of gullwing deflection distortion, the
particular gullwing errors resulting from the use of curved or concave

15 face plate tubes required gullw'ing correction having an opposite
polarity to that previously employed.:

The parabolic shaped output signal P, from integrator Ul is
also coupled to an inventive amplitude control circuit 300. Control
circuit 300 compares the amplitude of parabola P against a zener diode

20 derived reference voltage and generates an output voltage which is
applied to the ramp current source generator to.form a negative
feedback control loop. Thus inventive amplitude confrol circuit 300
provides a control loop which may correct for amplitude variations
resulting during horizontal ramp and parabolic signal generation. The

25 - parabolic shaped signal P is coupled to the base of a transistor Q300
which is arranged with a transistor Q301 as an emitter coupled or
differential amplifier. The emitter terminal of transistor Q300 is
connected to ground via a parallel combination of a resistor R300 and a
capacitor C300. The emitter of transistor Q300 is also connected to an

30 emitter terminal of transistor Q301 via a resistor R301 which provides
gain degeneration and aids control loop stabilization. The base terminal
of transistor Q301 is connected to a DC reference potential generated at
the junction of a zener diode D300 and a resistor R303. Resistor R303 is
connected between the +12. volt supply and the cathode of a zener diode

35 D300, the anode of which is connected to ground. Zener diode D300 has
a breakdown voltage of 5.6 volts which is applied to the base of

~ transistor Q301 and results in approximately 5 volts appearing across
capacitor C300. It is desirable that signal P be generated with a

mi
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t he advant agetRicgted do the +12 volt supply. Resistor R302 and capacitor C301
form a low pass filter which smoothes the horizontal rate current pulses
and generates a control voltage which is coupled to the base of
transistor Q2 to control the amplitude of the modulated current source.
10 The parabolic shaped signal P, coupled to the base of transistor Q300
causes current flow when the parabolic waveform peak exceeds the
voitage across capacitor C300 plus the Vbe potential of transistor Q300.
Thus parabolic waveform peaks greater than nominally 5.6 volts cause
the voltage across capacitor C300 to increase. The increased voltage
15 across capacitor C300 results in a decrease in the Vbe potential of
transistor Q301 which reduces the collector current flow. Hence the
voltage developed or dropped, across resistor R302 and capacitor C301
and coupied to transistor Q2 base, is reduced. Thus, the current in ramp
forming transistor Q2 is controllably reduced, reducing the ramp
20 amplitude and restoring the amplitude of parabolic signal P to 5.6 volts.
Inventive amplitude control loop -300 includes the ramp and parabola
generators and maintains the peak amplitude of the parabolic shaped
signal P equal to the voltage across diode D300. Thus the amplitude of
correction signal P is maintained essentially constant and independent
25 of power supply and component variations.
An advantageous pulse width control circuit 400, generates
a direct current which is ‘coupled to the inverting input Ul. Integration
of this DC by I.C. Ul results in a horizontal rate, tilt or ramp component
| being added to. the horizontal rate parabolic signal P, The inverting
30 ‘input of integrating amplifier Ul is connected via a resistor R409 to an
advantageous pulse width control circuit 400. The direct current
coupled via resistor R409 is derived from measurement of a pulse
width with reference to a divided potential derived from the positive
and negative 12 volt power supplies. As described for advantageous
35 circuit 200, negative excursions of the parabolic signal P are clamped to
-100 millivolts by circuit 200. The clamping action circuit 200 sinks
current from the output circuitry, of amplifier Ul, resulting in current
limitation due to the current limiter within I.C. Ul. The output circuitry .
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current 1COR is depicted centered |n the horizontal raster scan. \Wen

waveform ICOR is viewed at horizontal rate, as in (B), all vertical scan
lines are supefilfoséd, rémaine inhehe euiient! limabe dﬂ?ﬂ‘ﬂﬂl&i ifgp tﬁ@mdrﬁﬂoh%f he

parabolic sigpal d? ' a‘(tu‘;é | di nél”gfxgngrsﬁvef & &x "d‘iphﬂl‘t‘%r%wlp@"

Furt her nore, Wavefo
signal s of di f“f‘@‘f‘n@ 165 J‘g]esmayh ¢ absreed dy rregmt@rsnz ribm ew@ente of

suppr essed casoureedabypl| theudE2 vudulsapplyn dForseganplel dQYthbh&lsé?rdﬂ eBppin
sawt oot h. Shaggd o%f&ﬂo'ﬂlgsﬁicg@ﬁe o ! the! il ﬁ}lg @gf%‘@ gﬁ{n% a%ﬁ%rad 3{] d Fl Lo

| m croseco re ed to _hori
fe191[ eg? anpt e, éuraucon of off ipping. %Lince the -12 volt supply “is coupled via a resistor

R8, the supply current step to the limitation value will result in a
voltage step or pulse, due to the voltage drop across supply resistor R8.
Thus current limitation in I.C. Ul generates a positive pulse PC, at the

10 junction of resistor R8 and L.C. Ul, having a duration equal to the
duration of the clamping action of circuit .200. * Pulse PC, is coupled to

! series connected resistors R401 and R402. Resistor R402 is connected
to the -12 volt supply and the junction of the resistors forms a potential
divider which is connected to the base terminal of a transistor Q400.

15 Transistor Q400 functions as a saturating switch, with the emitter
terminal conngcted to the -12 volt supply. The collector terminal of
transistor Q400 is connected via a resistor R404 to the +12 volt supply.
Transistor Q400 collector is also connected to a low pass filter formed-

. by series connected resistor R403 and shunt connected capacitor C400.

20 Capacitor C400 is connected to the +I2 volt supply with the junction
connected to the base terminal of an emitter coupled amplifier
transistor Q401. The collector terminal of transistor Q401 is connected
to ground and the emitter is connected to the +12 volt supply via a
resistor R405. The emitter of Q401 is also coupled to the emitter

25 terminal of a transistor Q402 via a resistor R406. Transistors Q401 and
402 may be considered as a differential amplifier with gain
degeneration, or loop damping, resulting from resistor R406 in
transistor Q402 emitter. The base of transistor Q402 is connected to the
junction of resistors R407 and R408 which form a potential divider

30 coupled between the positive and negative 12 volt supplies. Resistor
R408 is connected to the -12 volt supply and resistor R407 is connected
to the +12 volt supply. The collector terminal of transistor Q402 is
decoupled to ground by a capacitor C401 and is connected to the
inverting input of integrating amplifier Ul via a resistor R409.

35 The positive pulse PC, at resistor R8, is amplified and
inverted by transistor Q400. The inverted collector pulse is low pass
filtered, or integrated, by resistor R403 and capacitor C400 to produce a
DC voltage VPC. The low passed DC voltage VPC, has an amplitude



35 produced by the auxiliary deflection / correctlon»c :iThe shaped'}
parabolic correction signal is advanced in tinme as a res of the tilt |
conponent generated by the bias current introduced V|a,reS|err BﬂOQﬂ‘ g
In FI GURE 4, waveform (A) depicts the horizontal phasijing.of. v&rrous
wavef or ms utlllzed to generate the advantag@qus corrective maveforn1shape
Correction maveforn1P although nom nal | y parabolically shaped, conprises
vari ous additig mavesha whi ch 5- provide specific correction at

speci fic rast¥Mqo¥apeHAe. rom%‘?'bt‘?nthEAY“imoﬂg Pulse BfasiVeltage MRC is
hori zontal r etoupled pibies diffiefEnsial tamplifier forhedd \by tan¥BtoRU Q4G ahdr %92

occurring devlvHSret ﬂeléj' %Bhgpﬁ:@é \bﬁﬁta%@efehggtb@%ﬁﬁgé' Firael by ™
t3 - to, the rItgntlal 1v1dse{' resistors ﬁ4Eﬁ and R408. The potential divider 'is
5 coupled between the supply voltages which power the integrator and
allied circuitry, thus variations in either supply will result in a change
"to the reference potential and a compensating correction in pulse width.
To improve the accuracy of pulse PC, resistors R407 .and R408 have 2%
resistance value tolerances. The potential divider genefates a reference
10 voltage equal to a ratio of 11/63.5 of the voltage existing between the
positive and negative 12 volt supplies. The ratio of 11/63.5 represents
the width, or duration, of pulse PC as a ratio of the horizontal period.
Thus, variations of voltage VPC are compared with the reference
voltage, which represents the desired pulse duration, and cause a _
15 corrective current to flow in transistor Q402. The corrective current IT,
is coupled via resistor R409 to vary the bias current at the inverting
input of amplifier Ul. The integrated effect of the corrective DC bias
current IT, introduced by resistor R408, is to cause the output signal of
Ul to be superimposed on a shallow ramp having a slope proportional
20 to the current IT. Thus parabolic signal P is tilted, céusiqg the
waveform cusps to have different DC potentials, with the result that
negative parabolic signal excursions are clamped by circuit 200. The
clamping action results in- the generation of current limit pulse PC,
having a width or duration which is controlied responsive to the
25 corrective bias current IT. The advantageous pulse width control circuit
400, forms a control loop which compensates for variations in, power
supplies and the clamping voltage of circuit 200.
The shaped parabolic correction signal P, from integrator Ul,
is coupled to a balanced modulator I.C. U2 which generates a vertical
30 rate pincushion correction signal. The modulated output signal from I.C.
U2 is coupled via correction amplitude controls to auxiliary deflection
amplifiers, 505, 525 and 545 and auxiliary vertical deflection coils RVC,
GVC and BVC which correspond respectively to the red, green and blue
colour projection tubes. Integrated circuit U2 generates suppressed
35 carrier amplitude modulation of the horizontal rate parabolic signal
~with a vertical rate sawtooth signal to produce the modulated
waveform, or bow tie signal, illugtrated in waveform E of FIGURE 1.

13



i s displayed, and correction waveformP is shaped by rl %‘"c'l"a“r‘r‘pl g’ 10 ° ‘

action circuit 200. Advantageous clanp 200 clips the n atl ps,ggg
‘peaks which results in zero corrective waveform anpl i t Ete[h_ﬁi

t0, for exanple, 5 nmicroseconds. The saturation, or current limt pul se PC '
i's depicted occurring at time RHS, t3 - to.;Zhe falllng edge of pulse PCis
coi.ncident with the start of the integrator reset pulse IR 15 since pul se
IR ends the integration period and thus ends parabol a generati on. Any
instability in hori zomﬁGLtREi hgA)f illustrdtes maPious| wawefarni @adethdiy timing

novenent  of t rd‘%ﬂ?eﬁf dBHhg €a Plori¥Bhed ﬁﬁé‘fﬂ?saﬁﬂ'eum seféfedbbd

Al t hough vvave orm P | ﬁgtzo z &g“%%%&'ﬁe%m d nﬁégﬁgrh‘d{m de

of the rastertd $he;sast
respective coin éAblam ﬁmjllllhlStrstlvmtplmmspsd@nlayedlmceapﬂb‘esbm'ﬁr@aﬁ be

g?g{:gg?f Ingirt ;&bﬁ&&? I;?;réidmﬂlb”?ﬁ)m T&L@RThﬁeaapggﬁagﬁn%anat hogizehel m
correction vaf OHH?‘?‘ %ﬁ‘i‘f‘ﬁfa‘% 5’S|338 Wb) ?}aé’Ftl"l bide egngpq%dgs g eere
approxlmately 22 volts. The pulse depicted in (A) has a nominal
duration of approximately 12 ‘microseconds and is illustrated without
typical shape, width and rise time modulations resulting from various .
10 loading mechanisms. Waveform R represents the horizontal rate ramp
R occurring at the collector of transistor Q2 of FIGURE 2. Ramp R is
depicted with a linear ramp up since gullwing corrective shaping is
omitted for drawing clarity. However, the exponential reset period
resulting from the action of discharge resistor R4 is shown. The shaped
15 parabolic signal is depicted by waveform P, generated at the output of
L.C. Ul in FIGURE 2. The specific parabolic signal start and stop times
are more accurately depicted in waveform (A) of FIGURE 4. However,
the advanced horizontal phase of parabolic signal P relative to
horizontal retrace pulse HRT, illustrates the advantageous phase
20 ~ advance required to compensate for delaying effects present in the
correction signal path. Hence deflection correction is provided which is
~ horizontally centered with respect to horizontal deflection.
Waveform (B) of FIGURE 3, illustrates the modulated
parabolic correction current ICOR, for-example, in the green vertical
25 correction coil GVC. Correction current ICOR is depicted centered in the
horizontal raster scan. When waveform ICOR is viewed at horizontal
rate, as in (B), all vertical scan lines are superimposed, hence the
vertical rate modulation applied to the parabolic signal effectively fills
in the waveform as depicted. "Furthermore, waveform ICOR is depicted
300 with two apparent parabolic signals of differing amplitudes, this
depiction results from the use of suppressed carrier -amplitude
modulation of signal P by the vertical sawtooth. Shaped parabolic
signal P is illustrated with a phase advance A, for example, 5
microseconds, required to horizontally center the corrective effect
35 produced by the auxiliary deflection / correction coil. The shaped
parabolic correction signal is advanced in time as a result of the tilt
component generated by the bias current introduced via resistor R409.
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point tl1,.of correction waveform generation is determ neﬁl pr“; trhe... 5T
I ntegrator reset pulse IR Wen pulse IR ends at tine t1| capaci
allowed to-integrate and initiate generation of correcti nr,wavef st gnat
P. At ‘tinme LHS, t1 - t2, the left hand side of the raster\l,Jm'greh.smayed~ and
corrective waveform P is shaped by integratli®n of the exponentlal shape
EXP, occurring during tines t1 - t2. The exponenti al shape i s generated
by the discharge of ca via resistor R4. Dur|n time LHS

aci_tor
correction waveform P Eﬂaﬁ&“@tgpé' AN TR o ) gepicty é@‘?gquli?"éﬂ phasing of
exponenti al | yvashmpedvainefoims outifized | N gEneraep tlse ganwan&ge@stust Icﬂiﬁdcﬁver anp

reset pul se ?xﬁﬂfy_]rﬁnbb?ﬁecﬁ'oﬁcWvg?or‘f!?a%e%ith%ﬂgg hlegﬁ rfg anp

e ot egrat 'e}a'é%%; G B er UBPTIECS ReAsIANS GRINONE] OTAYSONRRER | BRACH .

wavef orm B. Akbeidet spa:lfie correction ranppdeific msterr kicadionst h WavéforhmdA)

conpensat i on, shEﬁE @héﬁﬂ%”&f the G, er]tdn?dl rétrREUphRe AR A fiidle! Yo,

par abol i cal | Yelative  to voarrgoeust Iwoarw]/eiogns occurring during the display of left and
right raster sides. At time RHS, t3 -0, the right hand side of the raster
is displayed, and correction waveform P is shaped by the clamping

10 action circuit 200. Advantageous clamp 200 clips the negative cusps or

" peaks which results in zero corrective waveform amplitude during time
t3 - t0, for example, 5 microseconds. The saturation, or current limit
pulse PC is depicted occurring at time RHS, 3 - t0. The falling edge of

} pulse PC is coincident with the start of the integrator reset pulse IR,

15 since pulse IR ends the integration period and thus ends parabola
generation. Any instability in horizontal timing of waveform P will be
indicated by movement of the leading edge of pulse PC, which changes
the pulse width. Although waveform P is reduced to zero at time RHS,
during the right side of the raster is displayed, the actual modulated

20 current ICOR,in the respectlve correction coils is not only delayed but
also suffers a degradation in rise / fall times. Thus the apparent abrupt
waveform discontinuity ‘of signal P at time t3 is smoothed or flared '
towards a zero comrection value. The horizontal phasing, or starting
point t1, of correction waveform generation is determined by the

25 integrator reset pulse IR. When pulse IR ends at time t1, capacitor C101
is allowed to integrate and initiate generation of correction waveform
signal P. At time LHS, t1 - 2, the left hand side of the raster is
displayed, and corrective waveform P is éhaped by integration of the
exponential shape EXP, occurring during times t1 - 2. The exponential

30 shape is generated by the discharge of capacitor C2 via resistor R4.
During time LHS, correction waveform P has a shapé resulting from
integration of the exponentially shaped discharge portion of ramp signal
R. At time 2, ramp reset pulse RR ends, exponential discharge ceases,
and linear ramp generation is initiated. Thus for trace time, between

35 t2-t3, ramp R is integrated producing the parabolic shaped component
of correction waveform P. After time t2, linear ramp Ris generated with
gull wing compensation, which following integration, produces the
nominally parabolically shaped correction signal P.




14 The parabolic signal conponent of correction S|gnaP PEREAYT des “nor t- .
sout*h pi ncushion correcti on when nodul ated by the vert;cal thg ﬁ
addition to pincushion correction, the parabolic signg I“Cénggﬁgﬁﬁ“rsmsha ed
to provide gull w ng correction, and has 5 further shaping or “flaring fb
provide left and right raster edge correctLQ Hence the parabolically
shaped correction signal, is generated with an advanced horizontal phase,
conprising various regions, shaped to produce corrective effects at

speci fic raster |ocatiThes pafaboticasignaitcinypsteht nefd candciémbdignalmpl ement ed

deflection GRLLRfdS Hbri south PHALLEKDn" Lorrdkfln WAkh! nddTRAEdTbTPIRY -

vertical sawtooth. In addition to pincushion correction, the parabolic
signal component is shaped to provide gull wing correction, and has

5 further shaping or flaring to provide left and right raster edge
correction. Hence the parabolically shaped correction signal, is
generated with an advanced horizontal phase, comprising various
regions, shaped to produce corrective effects at specific raster locations.
Thus accurately defined and stably implemented deflecuon correction

10 is provided for high quality image display.



| ai ned i s: A defl ection correction wavef or F—gegeratot——— _”
corrp ‘!i’! ﬂ HI MEW' on circuit for generating a horizont BEFLACE: pm’ab@tl‘c,.
‘shap recting pincushion distortion; and, lchar acter ILﬁ :
an anplitude measur i ng means (30) coupl¥dl to said par abollu Datgha Il rlﬁ;ﬁ....

(P) and generating a control signal output, said control S‘t‘g'FF&I:'E?é’I“ﬁgL“—-::“
"coupled to d correction circuit to control said parabolic shaped signal
(P) in anpllﬁﬁ’ﬂel?e #laimed dish a predet ernined peak value. 2. The deflectlon

correction wavefqrm gAnQreﬂwucﬁi‘ COriédtidn WHRERSNE! dafFaidr E:Pﬁfp
control signal is coupl Ed 2] on c1rcu1‘?gf22‘)rI vgnéleaet%)ack hcoorli]%rotal rt
control said paraboli@ &4 g g a on até
parabolic shapcd signal for correcting pincushion distortion; and,
characterized by
_ an amplitude measuring means (30) coupled to said
parabolic shaped signal (P) and generating a control signal output,
~ said control signal being coupled to said correction circuit to
control said parabolic shaped signal (P) in amplitude to maintain a

predetermined peak value.

2. The deflection correction waveform generator of claim 1,
characterized in that said control signal is coupled to form a
negative feedback control loop to control said parabolic shaped
signal (P) amplitude. '

3.. The deflection correction waveform generator of claim 1,
characterized in that said correction circuit comprises a horizontal
frequency ramp generator (Q1, Q2, Q3) coupled to an integrator
(Ul) to generate said parabolic shaped signal (P) therefrom.

4. The deflection correction waveform generator of claim 3,
characterized in that said control signal is coupled to said
horizontal frequency ramp generator (Q1, Q2, Q3) for amplitude
control thereof.

5 The deflection correction waveform generator of claim 4,
characterized in that said ramp amplitude is controlled responsive
to a fraction of said parabolic shaped signal.

6 The deflection correction waveform generator of claim 3,
characterized in that said horizontal frequency ramp ‘generator
(Q1, Q2, Q3) comprises a controllable constant current source (Q2)
coupled to charge a capacitor (C2).

7 The deflection correction waveform generator of claim 1,
characterized in that -said predetermined peak value is
determined by a zener diode (D300) voltage reference.



si ghal—(-P)—anpH-tude:—3. The deflection correction Wavefj M generator of 4

claim1. char d in that said correction CII’CUIt’ cohprises™a” l
-hor| | llJ L“ % mranp generator (QL, @, QB) coupl! eq to tor..
(Ul) Il E& par abol i ¢ shaped si gnal (P) t herlef rd) m?@ J@’ne‘]ggg”'
defl ecti on correcti on waveform generat orléf claim 3, characterized in that
said control signal is coupled to said*horizontal frequency ranp generator
(QL, @, @) for anplitude control thereof. 5 The deflection correction

wavef orm generator of claima4, characterized in that said ranp anplitude is
control | ed respon8i| veAt defletfiafit wavefdrnt atstréctorbedmprisheged signal. 6 The

sai d hori zontal requeR i ADERL GYE L @ o) corprises a
control | abl e constant audnaﬂmn@mmml( @325) coupled to said deflection coil
(GV) for generating a correction current therein;

a correction waveform generator (Ul) generating a
horizontal rate parabolic shaped signal (P) for correcting
pincushion distortion; and, characterized by

an amplitude measuring means (300) coupled to said
parabolic shaped signal (P) for measurement and generating a
control signal output coupled to said correction waveform
generator (U1) for controlling said parabolic shaped signal (P) in
amplitude, said parabolic shaped signal (P) being coupled to sald
deflection circuit (525) to generate said correction current
responsive thereto.

9. The deflection waveform corrector of claim 8;
characterized in that said control signal output is coupled to form
a negative feedback control loop for amplitude control of said
parabolic shaped signal (P').'

10. The deflection waveform corrector of claim 8,
characterized in that said amplitude measuring means (300)
compares said parabolic shaped signal amplitude with a DC
reference voltage and generates said control signal responsive to
said comparison.

11. The- deflection waveform corrector of claim 10,
characterized in that a peak amplitude value of said parabolic
shaped signal (P) is compared to a zener diode (D300) stabilized
voltage reference.

12. The deflection waveform corrector of claim 8§,
characterized in that said correction waveform generator (20)
comprises a horizontal frequency ramp generator (Q1, Q2, Q3)
coupled to an integrator (Ul) to generate said parabolic shaped
signal (P) therefrom.. '
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capaci tor (C2) =7=The, def 'cgr-r ect} on wavzef orm

HMH Emml (F:)har act el(’l zZar T*i*isteg:;u’r T Qgcléééw et erm ned peak vaI ue
armwned by a* zener di ode (D3 1 ? QU

def | ecti on waveform corrector conprisi ng' a deflection- 4:04 I*

deflection circuit (525) coupled to said deflection coil (GV) for

‘ generating a correction current therein; a correction waveform generat or

(U1) generatlng g%horﬂggn{? ?th(;n‘pvp daﬂg%\agomg&qd %g% ﬁlf) for

correcting pi ncushion racteri z
characterized in that said .control 31gnal output controls an

amplitude of said. ramp.

14. The deflection waveform corrector of claim 11,
characterized in that a fraction of said parabolic shaped signal (P)
is coupled to control an amplitude of said ramp.

15. A deflection correction waveform generator comprising:
a deflection correction circuit (U2, 525) coupled for
correcting deflection distortion;
a horizontal frequency ramp generator (Q1l, Q2, Q3)
having a controllable ramp amplitude;
an mtegrator (U1) coupled to said ramp generator
(Ql Q2, Q3) and generating a parabolic shaped signal (P)
therefrom; and, characterized by
' . an amplitude comparator (Q300, Q301) coupled to said
integrator (Ul) and measuring a peak amplitude of said parabolic
shaped signal (P), said comparator (Q300, Q301) generating a
control signal coupled to said ramp generator (Q1l, Q2, Q3) to
control said amplitude of said ramp, and said parabolic shaped
signal (P) being coupled to said deflection correction circuit
(U2, 525) for deflection distortion correction.
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an anplit.ude neasuring neans (300) coupled to said par aﬁol |‘c§“£‘5‘hape\ti’ mg@ﬁ
(P) for measurement and generating a control signal outpuy., courﬂ@dlULo d
correction waveform generator (Ul) for controlling said] .par_abQLl C.shaped’ |

signal (P) in anplitude, said parabolic shaped signal (P) being coupled t
said deflection circuit (525) to generate said correction current
responsive thereto. 9. The deflection waveformcorrector of claim8;
characterized in that said control sign output is coupled to forma

negative feedhaitofff cbRkecrRAPsIcRAL ABL.IuBE @oGRRE N Qlopof said parabolic

shaped signal (P). 10. The deflection waveform corrector of claims38,
characterized in that said agg » . aS(300) conpares said
parabol i c shaped signal anpl e vol tage and gener at es
said control si gnal reg})oq«g;ﬁlqpélopowaveform correcnon signal generator

comprises a multiplying circuit (U2) for generating a pincushion
correction signal (Icor). A horizontal frequency ramp (R) is

5 generated by a clipped retrace pulse (Hzc). The ramp generator
(Q2, C2) has an output (R) coupled to an integrating circuit (U1) for
generating a parabolic shaped signal (P). The ramp generator
(Q2, C2) and ramp integrator (Ul) are reset at a- horizontal rate by
reset pulses of differing duration. The different duration of reset

10 pulses results in the parabolic signal (P) having regions of non-
parabolic shape. The parabolic shaped signal (P) is coupled to an
input of the multiplying circuit (U2). A control circuit (300) is
coupled to the parabolic shaped signal (P) for maintaining a peak
amplitude thereof by controllable coupling to the ramp generator

15 (Q2, C2). A control loop (400) is coupled to the integrator (U1) for
controlling an integrator input' bias current (IT) to generate the
parabolic shaped signal (P) at a predetermined time interval.

4._.__ S T
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r ef erence.

(P) is conpared to a zener diode (D300) stabilized-vwottage
12. The defl ection waveform corrector of claim8,
in that said correction waveform generatqr,(20) conprises a horizonta
f'requency ranp generator KF

generate said parabolic shaped signa
defl ecti on wavef orm corrector

sai d conparison. 11. The deflection waveform corrector ofﬁclaingﬁpduz 1999
characterized in that a peak anplitude val ue of said parahdk%t&s;gped;
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characteri zed
(QL, @, B) coupled to an integrator (Ul) to
(P) therefrom 17 13.

characterized in that said

The
of claim 11,
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control signal output controls the anplitude of said paf&&Ehi:c:shaped
signal (P). 14. The defl ecti on waveform correctipr of ﬁ% im 1
characterized in that a fraction of said parabolic shad,@a@hg. 6;&@% _________
coupl ed to control the anplitude of said parabolic shaped=sig . >
A defl ection correction maveforn1generatogffonprising: a deflection
correction circuit (U2, 525) coupled for Correcting deflection distortion,;
a horizontal frequency ranp generator (QL, Q, ) having a controllable
ranp anplitude; an integrator (Ul) coupled to said ranp generator (QL, @,
@) and generating a parabolic shaped signal (P) therefrom and,
characterized by an anplitude conparator (@300, 3O

e

i ntegrator (&l -and measuring.a-peak. li tupg
signal (P), sghd c@yg?ratOr (g%gg, @301
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(P) being coupled to said deflection correction circuit [fE2="52557 ="~
B OROFLALE R
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FIG.3
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FIG.S

CRT ENVELOPE

IMAGE DIAGONAL
525"/ 7"

RADIUS OF CURVITURE
350 / 600 mm

DISPLAY SURFACE



