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Typically, the horizontal deflection circuit

"includes an output stage having a deflection switch, a
horizontal deflection winding and a trace capacitance that
L _ supplies deflection current to the deflection winding

E o during each trace interval. A first retrace capacitance is
coupled across the deflection ﬁinding during the retrace
interval to form a retrace resonant circuit. Energy is
replenished during retrace via a flyback transformer.

A high beam current provided from a secondary
winding of the flyback transformer, during display, for
example, of each white horizontal strip of a crosshatch
pattern, such as shown in FIGURE 5, represents a heavy load
to the flyback transformer during retrace.

In some prior art circuits, the retrace resonant
circuit is coupled via a relatively small cutput impedance,
of an east-west control circuit, to the primary winding of
the flyback transfoxmer'throughout retrace. In such prior
art circuits, the retrace capacitance may be slightly i
discharged during retrace due to the aforementioned
‘loading. This may result in a discharge current from the
trace capacitance into the retrace capacitance through the
deflection winding and a resulting slight drop of the
voltage across the trace capacitance due to the white
horlzontal strips of the crosshatch pattern.

The charge of the trace capacitance is

' replenished during the retrace intervals associated with
the scan lines that display the black picture portion
underneath the white crosshatch stripes. This causes a
small current in the opposite direction, at a low
frequency, to flow through the deflectlon winding during
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wi nding and ap%%%gk '3 355%h%£daoaigizggeshape, instead of a straight
| line shape. The zig-zag shape appears in a given vertical
direction immediately below the intersection point with a
horizontal strip. Such distortions occurring at such low
10 frequency, sometimes referred to as "mouseteeth"
distortions, are illustrated in the crosshatch pattern of
FIGURE 5. | -
Thus, mouséteeth distortions appear, during and
just after the times in which high beam current transients
15 occur, because the deflection circuit, that represents a
low impedance energy flywheel during retrace, supplies the
transient increase in energy requirement of the ultor
circuit. Thus, energy transferred from the deflection
circuit to the ultor circuit may tend to cause variations
20 in the deflection winding trace current. The nature of
mouseteeth distortion and corresponding solutions are
explained in U.S. Patents 4,429,257; 4,634,937; 4,780,648
‘and 4,794,307.
In a horizontal deflection circuit, embodying an
25 aspect of the invention, a modulation switching current is
formed by a bidirectional modulation switch during retrace.
The modulation switch, coupled to the retrace resonant
circuit that includes the first retrace capacitance, has a
conduction time that is phase modulated during horizontal
30. retrace in accordance with a vertical rate parabolic
voltage. A second retrace capacitor is coupled in parallel
with the modulation switch. The modulation switch is
conductive during the trace interval and is turned-off at a
controllable instant during retrace. The modulation switch
35 forms, when conductive, a low impedance across the second
retrace capacitor that clamps the voltage across the second
retrace capacitor to zero. As a result, a controllable
retrace pulse voltage having an amplitude that is
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the retrace voltage across the second retrace capacitor varies

5 . the magnitude of a retrace voltaée that is developed across
the first retrace capacitor and, in this way, provides the
desired deflection winding current modulation so as to
correct for outside and inside pincushion distortion.

, - Advantageously, by having the modulation switch

10 conductive during only a portion of horizontal retrace,
mouseteeth distortion is reduced. Mouseteeth distortion is
reduced because, when the modulation switch is
nonconductive during the other portion of horizontal
retrace, the flyback transformer primary winding is coupled

15 to the retrace resonant circuit via an impedance formed by
the second retrace capacitor. Such impedance is high at
low frequencies that are associated with mouseteeth
distortion. Such frequencies_aré substantially lower than
the retrace resonant frequency. By operating the

20 modulation switch in the switching mode, power dissipation
is, advantageously, reduced. ' |

The retrace voltage in a secondary winding of the
flyback transformer may be used to provide a synchronizing
feedback signal that is used for providing timing

25 information to a phase-control-circuit. The '
phase-control-circuit‘generatés a control signal that
synchronizes the horizontal deflection current to a
horlzontal synchronlzlng input slgnal.

In accordance with a feature of the invention,

30 the second retrace capacztance causes the flyback
transformer feedback signal to be maintained in phase with
respect to the retrace voitage developed across the

 deflection winding. Thus, the feedback signal provides
correct horizontal timing information of the horizontal

35 deflection current throughout vertical scan. Had the
retrace voltages in the flyback transformer and in the
deflection winding not been maintained in phase during the
entire vertical scan, .a raster distortion resulting in a
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defl ection frequency and a retrace resonant circuit. The retrace

resonant circuit includes a deflection winding and a first
retrace capacitance. A deflection current is generated in
the deflection winding and a first retrace pulse voltage is
10 generated in the first retrace capacitance during a retrace
~interval of a given deflection cycle. A second retrace
capacitance is coupled to the retrace resonant circuit for
. generating in the second retrace capacitance a second
retrace pulse voltage during the retrace interval. A supply
15 inductance coupled to a source of an input supply voltage
couples the first and second retrace pulse voltages |
therethrough to a load circuit. A source of a modulation
second input signal at a frequency that is related to a
second deflection frequency is coupled to a switching
20 arrangement. The switching arrangement varies, in
accordance with the second input signal, a difference
between a time when the second retrace pulse voltage is
initiated and a time when the first retrace pulse voltage
is initiated to produce a modulation of the deflection
25 current. When the second retrace pulse voltage is
generated, an impedance arrangement, that includes the
second retrace capacitaﬁce, that is high at frequencies
that are substantially lower than a retrace resonance
frequency of the retrace resonant circuit, is interposed
30 Dbetween the supply inductance and the retrace resonant
circuit. The high impedance isolates the supply inductance
from the retrace resonant circuit at the lower frequencies.
- In the Drawing: -
FIGURES la-1h illustrate idealized waveforms
35 useful in explaining the circuit of FIGURE 2;
FIGURE 2 illustrates a deflection circuit,
embodying an aspect of the invention, that includes outside
pincushion distortion correction;
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circuit to the ultor circuit may tend to cause variations 20 in the
deflection winding trace current. The na%ure of nouseteeth §E§t8§téoz and
totrespondi ng solutions are explained in S. Patents 4,429, ; 4634, 937;
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FIGURE 5 illustrates a crosshatch pattern in
whlch "mouseteeth" distortion is uncorrected;

FIGURES 6a~6d illustrate waveforms useful in

10 explaining a current protection feature of the circuit of
FIGURE 2; - o o

FIGURE 7 illustrates a second embodiment of the
invention that includes inside pincushion distortion
correction; and | ' ' |

15 FIGURES 8a-8c illustrate waveforms a55001ated
with the circuit of FIGURE 7.

A horizontal deflectlon circuit 250 of FIGURE 2,
embodying an aspect of the invention, provides horizontal
deflection in, for example, an FS color cathode ray tube

20 (CRT) type A66EAS00X01. Circuit 250 includes a switching
transistor Q1 operating at a horizontal frequency fH and an
anti-parallel damper diode DQl' both being constructed as
one integrated circuit. A retrace capacitance Cl is
coupled in parallel with transistor Q1 and diode Doy -

25 deflection winding Ly is coupled in series with an
S-shaping trace capacitance Cg to form a circuit branch
that is coupled in parallel with each of transistor Q1,
diode DQl and retrace capacitance Cl1 to form a retrace
resonant circuit 100 during horizontal retrace.

30 A phase-control stage 101 that includes a

' horizontal oscillator and a phase detector, not shown in
detail in FIGURES, is responsive to a horizontal
synchronlzlng signal H Signal Hy is derived from, for
example, a video detector of a telev181on receiver, not

35 shown in the FIGURES. Stage 101 applies, via a transistor
Q6, a drive voltage 10la to a primary winding Ta of a
driver transformer T2. Secondary winding T,y Of
transformer T2 is coupled via a voltage divider, that
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control lable instant during retrace. The nodul ation switch 35 . forms, when
conductive, a |ow i npedance across the second retrace capaC|tor t hat - clanps

the voltage across the second retrace capfcitor to zero. As RCA S *la
controll able retrace pul se voltage havi ng an anplitude that is

controll able dth t.hat ar | ed acr.oss the second
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first retrace capaci.t and t'he ection
wi ndi ng curre gp; x} is co pled between a source of a B+

5 voltage and the collector of transistor Q1. A secondary . .
winding W, of transformer Tl is coupled to stage 101 to
provide a feedback retrace signal B, for generating drive
signal 10la that synchronizes a horizontal deflection
current i2 in winding Ly to signal Hy.

10 A switched raster correction circuit 200,
embodying a feature of the invention, includes an E-W
control circuit 300 that controls the switching timing of a
switching transistor Q2. Transistor 92 is conductive
‘throughout the trace interval and becomes nonconductive

15 during a controllable instant within the retrace interval.
The collector of tramsistor Q2 is coupled to a junction
terminal 50 between the emitter of transistor Q1 and
retrace capacitor Cl. The emitter of transistor Q2 is
coupled to ground via a small current sampling resistor

20 R101. A damper diode DQ2 ,coupled in parallel with
transistor Q2, is constructed with transistor Q2 as one
integrated circuit. A second retrace capacitor C2 is
coupled between the collector of transistor Q2 and ground.
A retrace voltage'vr generated'across a winding W, of

25 transformer T1 provides a high voltage, used for generating
an ultor voltage in an ultor power supply 556 that includes
rectxfyxng diodes, not shown in the FIGURES.

A first hypothetical example that is used for
explanation purpose represents a first extreme operating

30 condition in which transistor Q2 is maintained conductive
throughout trace and retrace. 1In this case, deflection
circuit 250 generates deflection current iz-in a manner
that is well known but without East-West correction. As

_ explalned later on, current 12 is at a maximum peak-to-peak

35 amplltude, in this case.

A second hypothetical example that is also used
for explanation purposes, represents a second extreme

operating condition in which switching tfansistor Q2 is in
\'\_ v -
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correct for outside and inside pincushion distortion. Advantageously, by

havi ng the nodul ati on switch 10 conductiyve during only a pgrti%&I§P
hori zontal retrace, nouseteeth distortioT1s reduced. Muset ortion

i's reduced because, when the nndulation-smﬁtch i s nonconductive during the

other portion f 1TErL P r
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formed by the esta@mi@.r g d%qia'caqa)r a Qaiy iohaeaanant qiinguids (axe
frequencies thedrmdd. asHReifhert Wrd), TiRAA *hicﬂcﬁiﬁ! i -0 SYAIGURE 2,

I)E)g?;telnﬁlgetshgr g&iu%m | alq%F Iﬁ%mlieqrﬁ}tglqern#;geg{r&% reson[amt frequency. By
di ssi pati d&n i s:apaamaimagbé).usl'];he reashoyed. oﬁamﬂtu&& ﬂ!q*ﬁage trars foeaendar y
wi'ndi ng of tf“%lndlng W, and retrace capacitor C2 that are coupled in
series. Conszdered separately, each of the pair of retrace
resonant circuits 1s.tuned to a frequency that is lower
than a required nominal retrace frequency. The resonant
10 circuits are coupled to form a combined resonant circuit.
Therefore, the resulting common retrace frequency of the
combined resonant circuit is higher than each of its
constituents and is made equal to the required nominal
retrace frequency that is, illustratively, 43 KHz in the
15 PAL system.
' As explained before, secondary winding W, of
transformer T1 provides horizontal synchronizing retrace
signal Hy Each pulse of signal H_ represents the retrace
1nterval in deflection winding LH Horizontal '
20 synchronizing signal H is coupled to phase-control-stage
101 for providing feedback synchronization information.
The synchronization information contained in the pulses of
signal H,. is indicative of the phase of current i2 in
deflection winding Lg- Signal H, and horizontal sync
" 25 pulses H are used to adJust the phase and the frequency of
the horlzontal oscillator output signal that is included in
stage 101. '
In the second hypothetical example, primary
winding W, of transformer Tl is coupled to retrace resonant
30 circuit 100 through a capacitive voltage divider that
' includes capacitors Cl and C2 to form the combined resonant
~circuit. The combined retrace resonant circuit enables
proper synchronization without causing mouseteeth
distortion. The advantages of forming such combined
35 retrace resonant circuit are explained in detail in U.S.
Patent 4,634,937 in the name of P.E. Haferl, entitled
WEAST-WEST CORRECTION CIRCUIT". '
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flyback transforner may .be used to provi-de a synchronizing feedback signa
that is used for providing timng 25 |néornat|on to a RCA <1
phase-control -circuit. The phase-control-circuit generates a con??of
signal that synchronizes the horizontal defl ection current to a horizontal

~sypchroni zing input si gparing"tP&6€) d@ﬂﬁfeﬂttﬁ allfxeﬁiﬂdﬁn@fw hgléwyention,
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current throughout vertica frace vo es Int
t ransf or ner aﬁﬂu$ﬂstﬂerﬁE¥¢G€tV%%tﬁﬂﬁdVggtﬁoPeb@@“eﬁﬁpﬁ@aﬁﬁéﬁs$nrﬁﬁééﬁe
duriing the capacitor C2.

The amplitude of a retrace voltage Vl' developed
across the series coupled capacitor Cl1 and C2 is stabilized
: by the B+ voltage that is regulated. Therefore,- voltage vy

10 is, advantageously, substantially unaffected by the
East-West modulation. Retrace voltage V,, developed across
winding LH and across capacitor Cl1l, determines the
amplitude of deflection current 12. Retrace voltage.V, is
equal to retrace voltage V1 minus retrace voltage V,.

15 Because current i3 in transistor Q2 is zero during the
second portion of retrace when transistor Q2 is
nonconductive, retrace current i, flows substantially
‘entirely as current i4 through capacitor C2 and generates
retrace voltage V,. It follows that in the second

20 hypothetical example in which transistor Q2 is
nonconductive throughout retrace, voltage \Z} is at a.
maximum amplitude. Consequently, voltage Va amplitude is
at a minimum and deflection current 12 is also at a ninimum
in the second hypothetical example.

25 In accordance with an aspect of the invention,
modulation of deflection current is obtained by a
modulation of the turn-off instant of transistor Q2 - during
the first half of the retrace interval in a way that
mouseteeth distortions are reduced. By selecting the

30 value: of capacitor Cl1 to be, for example, approximately -
twice that of capacitor €2, and the value of the inductance
of winding W1l to be approximately twice that of winding Ly,
the retrace frequency remains the same during both the
first portion of retrace, when transistor Q2 is conductive,

35 and during the second portion of retrace, when transistor
Q2 is nonconductive. Consequently, the phase of voltage Vl
in winding W re;ative to that of deflection current iz is
unaffected by the conduction state of transistor Q2.

—_—
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entire vertical scan, a raster distortion resulting in a sl-ightly

parabolically bent raster in the vertlcalgdlrectlon m ght haég O?ﬁuh3id' A
tefevision deflection apparatus enbodyi ng”an aspect of the i én (o}
i ncludes a source of a first input 5 signal at a frequency that is

related to a yohalafebheols efEﬁQHQ§?¥ iﬂgtﬁn&eﬁéapﬁrh§§gﬂﬁﬁ? Bebatse The

retrace resonant circuit 1nc l-ection w nd irst retrace

capaci t ance. R°&§fﬁ§@t?§ﬁr@GPr§ﬁ@el§n3eﬁeF§F€BanVPﬂ$aG@fVQC?PH# 1gpedi ng
and a first r€roaceoltage I&ngwlnalhg §90E6tﬁhn§fbmmbhernlaxb retrace

capaci tance dgdb #t3geduslys | SUbEt4uAi3119 TnbEredtlt el WeCltate of

second retrac
5 conductance of transistor Q2, during retrace.

FIGURES la-lh illustrate idealized waveforms
useful for explaining the operation of the circuit of
FIGURE 2. Similar symbols and numerals in FIGURES 2 and in
FIGURES la-lh indicate similar items or functions.

10 E-W control circuit 300 of FIGURE 2 generates a
- pulsed voltage V, which drives the base of transistor Q2.
Voltage V3 causes transistor Q2 to be conductive throughout
the trace interval. Durlng retrace, the falling edge of
voltage Vs, is phase modulated in the range t2-t of FIGURE
15 la. Thus, switching transistor Q2 of FIGURE 2 is
conductive prior to time t, of FIGURE la and switched into
cut-off after time t, at the phase modulated instant within-
the range tz't3° when conductive, transistor Q2 clamps
retrace voltage V2 to zero "and varies the instant when the
20 generation of voltage v2 occurs.

Current 11 in winding W of transformer Tl of
FIGURE 2 flows into resonant c1rcu1t 100 that includes
winding LH and capacitor Cl. From resonant circuit 100,
current 1 splits and forms current 13 and current 14 when

25 tran81stor Q2 of FIGURE 2 is nonconductive. When
transistor Q2 is turned-off, the decreasing current i4 of
FIGURE 14 charges capacitor C2 of FIGURE 2 until time t, of
FIGURE 1d, occuring at the center of the retrace interval
when currents'il'and 14 become zero. As a result, voltage

30 V, of FIGURE le reaches its peak amplitude at the center
of retrace. During the second'half of retrace, negative
current 14 of FIGURE 1d, that becomes increasingly more
negative, discharges capacltor C2 of FIGURE 2 until voltage
v, becomes negative. When voltage v, becomes sufficiently

35 negative, diode DQ2 starts conducting and clamps voltage v,
to -0.6 voltage, the forward voltage of diode DQZ’

The correction of outside pincushion dlstortlon
requires a higher amplitude of deflection current 12 when
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‘capacitance is coupled to the retrace resonant circuit for generating in
the second retrace capacitance a second gg}race pul se volta g ]the-
‘retrace interval. A supply 15 i nduct-ance’ coupled to a sou?{t@ (L%,r gﬂL I nput
suppl y vol tage couples the first and second retrace pul se voltages

t her et hr ough Y
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generated, an{fPedadaediied R tat tt‘i‘fﬁe't’f‘c' UGdEscddle transistor Q2 is
turned off at the time t2 at the top of the raster, the
peak amplitude of voltage V2 is at a maximum; consequently,
the peak amplitude of voltage V4 of FIGURE 1f'is at a

10 minimum. From the top toward the center of the raster,
the turn-off time of transistor Q2, determined by the
falling edge of voltage V; of FIGURE la, is increasingly
delayed within interval t, = t3. The result is a
decreasing peak amplitude of voltage V, .of FIGURE 2, an

15 increasing peak amplitude of voltage Vg and an increasing
peak amplitude of deflection current iz. At the center of
the raster, voltage V; starts increasing at time t, of
FIGURE le and becomes zero at time tg of each horizontal
period. From the center toward the bottom ¢of the raster,

20 the turn-off time of transistor Q2 of FIGURE 2 is
increasingly advanced from time t; to time t, of FIGURE la,
resulting in an increasing voltage V, of FIGURE 2, a
decreasing voltage V4 and a decrea51ng deflection current
12. Thus, deflection current 12 is proportional to retrace

25 wvoltage Vg and inversely proportional to retrace voltage vy
that is modulated -in accordance with the turn-off 1nstant
of transistor Qz.

The falling edge of voltage Va of FIGURE 1la is
phase modulated in a parabolic manner at a vertical rate to

30 obtain the vertical rate envelopes shown in conjunctlon
with waveforms le, 1f and 1h. Advantageously,,the
variation of the turn-off time of transistor Q2 of FIGURE 2
modulates also the time when voltage v, of FIGURE 1le
becomes zero near the end of retrace.

35 _ "In accordance with an inventive feature, the
center of the retrace pulse waveform of voltage v, during
horizontal retrace is maintained the same relative to the
center of horizontal retrace time ty throughout: vertical
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Second retrace capacitance, that is high at frequencies that are
substantially lower than a retrace resonapge frequency of thgcheggagg
rTesonant circuit, is interposed 30 bet weén t he supply inductance'ané t he
retrace resonant circuit. The high inpedance isol ates the supply inductance

fromthe retraean.eschag!, Goltdgesal tlad Qieofl FIGURECREare! RaiitaPhaw NO:
FI'GURES la-1h.illustrate. deallze%s$gvef3rn§ 3% uigL%l hn exehalnlng t he
circuit of FI GORRUSSCEH ISSper aV0S3 ta98eVnact itdn LOALOHF: thatodyi ng
an aspect of aﬂwanmagabusﬂy,tbdgnhﬂcﬂgdés matintdd neidndns phasedwdithr t i on

correction; geflection current i,.

5 - Signal H_. developed across winding W, provides
phase information of the phase of deflection current iz.
Signal H. is applied to stage 101 for synchronizing the
horizontal. oscillator of stage 101 to sync pulses Hs of the
video signal. Because capacitor C2 couples winding W, to

10 winding Ly to form a combined resonant circuit, the phase
information of signal H,. is'substantially identical to that
of deflection current iz. A further advantage provided by
the switched operation of transistor Q2 is that inductive
components are not required to be coupled in series with

15 transistor Q2. Also, the switched operation of transistor
Q2 results in low power dissipation in transistor Q2.
Therefore, transistor Q2 may not require a heat sink. An
additional advantage over other east-west circuits such as
a conventional diode modulator is that deflection current

20 i2 does not flow through a damper diode during the second
half of trace, resulting in lower deflection losses and
lower asymmetric linearity error.

As explained before, during retrace, deflection
resonant circuit 100 is coupled to. flyback transformer T1

25 by capacitor €2 having a high impedance, after transistor -
Q2 becomes nonconductive. When transistor Q2 becomes
nonconductive, the ultor voltage rectifying diodes, not
‘shown, are conducting. The high impedance of capacitor C2
substantially isolates windings Ly and W, at frequencies

30 associated with mouseteeth distortion that are
substantially lower than the retrace frequency of resonant
circuit 100 during retrace; thereby, raster distortions
known as "mouseteeth" are prevented from occurring.

In accordance with a feature of the invention,

35 junction‘terminal 50 between capacitors Cl and C2 is
clamped to ground potential by transistor Q2 during the
entire trace interval. Therefore, raster disturbances
referred to as "Organ Pipes" do not appear. Organ Pipes

'i
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FI GURES 3a-3b illustrate waveforns occurring during horizontal retrace that

are useful in explaining the circuit of FLQURE 2; FIGURE 4 i gaséﬁaheg
addi ti onal waveforns that 5 are useful expl aining the o é f the
circuit of FIGURE 2, FIGURE 5 illustrates a crosshatch pattern in which

" mpuset eet h” Fiag%@f 21 4RaebanESnag BEER 1 SGch cishpihg yaye' ot

useful -in 10 alning a current rot tion feature o cr'rcul t of

FI GURE 2; FI GBRE Sieﬁi G§t raall'§§“3rtsé’ 0R&CdH SFOKIN CUSF ke OXn FdROLBGSt ABY
i ncl udes insi meplﬂlmhkomrdnstf@meﬁtnpﬁmmgﬂ ctredtd 1Such ringings are

FI GURES 8a- 8Cshbb¥§% % %rgﬁagiig%oglaﬂ is clamped to ground by
S transistor QZ during the entire trace interval.
Advantageously, damper diodes DQl and DQZ may be
constructed with the corresponding transistor using the
integrated circuit technology for further reducing the
required discrete components count. -

10 A protection diode D1 is coupled between the
collector of transistor Q2 and a terminal Wla of primary
wihding w1 of transformer Tl. Diode D1 protects transistor
Q2 from excessive peak voltage that may occur when power is
initially turned on. Transistor Q2 is protected by diode

15 D1 which limits voltage V, to a maximum of 350V.
Transformer T2 has, preferably, 400V isolation capability
between the primary and secondary windings.

A remote control receiver 201 generates an on/off
control signal 20la that is coupled to an on/off transistor

20 ‘'switch Q7 of a +12V regulator. When transistor Q7 is
nonconductive, an output supply voltage +12V is generated
that causes phase-control-stage'101 to be energized during
power-up operation. When transistor Q7 is conductive,
stage 101 is de-energized that causes stand-by mode

25 operation. During a transition to the stand-by mode of
operation, phase-control-stage 101 Supplies base drive to
the base of transistor Q6 to cause driver tran51stor Q6 of
transformer T2 to be turned-off.

‘After, for example, the transition from normal or

30 power-up operation to the stand-by mode operation there may
still be energy stored in primary winding T, of
transformer T2 of FIGURE 2. This energy may continue
producing base current 1b in deflectlon transistor Q1 until
a magnitude of voltage 10la across prlmary winding T2a of

35 transformer T2 decreases to zero. As a result, a flnal
deflection cycle may be generated with an extended but
undefined time duration that ends when transistor Q1 ceases

"
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with the circuit of FIGURE 7. A horizontal deflection circuit 250 of FI GURE
2, enbodyi ng an aspect of the invention, vi des hori zontal I t'gf in,
for exanple, an FS col or cathode ray tube 200 (CRT) type A6 é%&d&?
Circuit 250 includes a switching transistor QL. operating at a horizontal

frequency f[ergd é&%@@canwo&@é@ké&u yanperr&heslei Dleir]a&&

constructed as, one integrated, cijcuilt retrace capaci€ance S coupled
in parallel W¥W¥?%§%|§¥%?sﬂv @Ocieﬂ:gpy]tran %%orscfé*l%‘é‘#

wi ndi ng- L[ferr] i's COUP'QBbIIBlréﬁém‘ESsmIUa &mﬁmﬁg,wmfﬂwwpce
Gert) 1o 7o M antes bl a LSSl ah (-G08 £ocfuaELe kel T cach of
r esonant drcmandmtmﬁ&@ Mrtherbwereleateodemf a transistgr Q5 that
phase- contr ol ﬁ%éﬁﬁﬂé&”b&@éldff@éUggstfan51stor Q2, causing transistor Q2
to turn off immediately after the power-on-to-standby
transition. Since both transistors Q1 and Q2 are coupled
in series, turning off transistor Q2 causes the .current in
10 Dboth transistors to cease. Thus transistors Q1 and Q2 are
protected. However, such fast shut~-down arrangement may
require a fast spot suppression circuit to prevent beam
spot related damage to the CRT, not shown. .
An alternative protection arrangement, which
15 advantageously, may not require fast spot suppre531on is
also shown in FIGURE 2. In such preferred arrangement, a
feedback arrangement that includes a series arrangement of
a diode D10 and a resistor R91 is coupled between the |
emitter of transistor Q2, as shown by the dashed line, and
20 the base of transistor Q5, via conductor 555. Wwhen such
' feedback arrangement is used, the emitter of transistor Q2
~ is coupled to ground via current sampling resistor R101,
causing current i3 to be sampled across resistor R101. A
resulting voltage Voo developed across resistor R101 -
25 controls the base voltage of transistor Q5. When voltage
V,c across resistor R101 exceeds +1.8V, transistor Q5 is
turned on by voltage V,. and reduces the base drive of
transistor Q2. Thus, current 13 is limited to a peak of
1.8 ampere when, for example, resistor R101l equals 1 ohm.
30 The feedback provided by diode D10 and resistor
Rél, advantageously, protects both transistors Q1 and Q2
that are coupled in series duting operation and, in
particular, during the power-up~to-standby transition. It
- should be understood that such feedback arrangement may
35 also be used together with, or instead of the arrangement
in which signal 20la is coupled to the base of transistor
Q5 that was explained before. Wwhen, for example, both
arrangements are used together, current i3 may become

/
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hori zontal oscillator and a phase detector,. not shown in detail in FlIGURES,
I s responsive to a horizontal synchron|2|fg S|gnal Herr]. §% n@é 5[Prr]
1s derived from for exanple, a video detéctor of a teIeV|S|on recel ver,

not 35 shown in the FIGURES: -Stage 101 applies, via a transistor 6, a

drive voltagesuﬂgﬁantﬂaalprreaﬁaeunad;ngoIZexaﬁpaeQrzéﬁé féﬁn§£66ﬂ&in&2
Secondary W n pled_.via a volLta

o ey b eh89rghl Fba  hut 2 BRERLRE pataRtioE of S ror pRa¥RalAdT { o

junction of toaﬂefftopeﬁhtion producing a base drive current i[err] at the
horizontal frequency f[?EébREABBrifYﬁ¥t¥hEQs”QnV%ﬁ§éloBE 8f a waveform
5 of current 1 of FIGURE 2 immediately after corresponding
transitions between normal operation power-up mode and
standby mode without the protection circuit, that would
occur if conductor 555 were disconnected for disabling the
operation of the protection circuit. Similarly, FIGURE 6b
10 illustrates the envelope of the waveform of current i3 of
FIGURE 2 when conductor 555 is connected that enables the
operation of the protection circuit. Note that current iy
of FIGURE 6b is limited to the maximum of 1.8 amperes.
Likewise, FIGURE 6c illustrates an envelope of collector
15 current ofQiwhen the protection circuit is disabled-and |
FIGURE 6d illustrates the envelope ofdollector current of
Q1 when the protection circuit is enabled. The operation of
the protection circuit is also discussed in U.K. Patent
Application 8805757, entitled PROTECTION ARRANGEMENT OF A
20 DEFLECTION CIRCUIT, in the name of the same Applicant,
filed 10 March 1988. o :

E-W control circuit 300 of FIGURE 2 includes a
differential amplifier formed by transistors Q3 and Q4 and
Darlington driver transistor Q5 which drives switching

25 transistor Q2. The differential amplifier that includes
' transistors Q3 and Q4 compares a vertioal parabola voltage
Vg to an exponentially shaped ramp portion Vsa of a voltage
Vg having a waveform that is shown in FIGURE 2. The
crossover points of the compared voltages determines the
30 timing of control voltage V3 of FIGURE 1la.

To develop voltage V¢ of FIGURE 2, horizontal
retrace pulses H 3 of FIGURE 2, developed in a winding LY
of transformer T1l, are coupled via a resistor R4 to a zener
diode D3.. A speed-up network that includes a capacitor C4,

35 a resistor R5 and a diode D2 generates a gating pulse Vp3
across diode D3 having a leading edge with a fast rise
time. Faster leading edge, results, advantageously, in a

larger dynamic range of E-w control circuit 300. Pulse Vb3

- This Sheet Has Been Replaced
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f.lyback transformer Tl is coupled between a source of a B+ 5 voltage and

the collector of transistor QL. A secondggx wi nding W2 of tg, 6$& T1
is" coupled to stage 101 to provide a feedback retrace signal Eferrr

generating drive signal 10la that synchronizes a horizontal deflection

current if[errhchrdsy adoas bbefi%] a ﬁlibﬂn%aHfr%Esﬁ.bto%Q R6 and R7 toAfa
swi t ched raster correctl n ci,r 200.. %P gé &% a feature of he
d§teL3

i nvention, inEPREES tor £ oP Ere IEDTERALADG; €swi t chi ng
thn1nghoftatﬁempohengladdgsshapedQEamp toaﬁanmt@% Q@ﬁ yoddadgec ViSue
Cont 1ol Labl o PULFaSC veTtabe s st 10IR e COBBcta Ly, ipteadlnl

transi stob Qtep 9@@5&@9 Vg 42 ipuappilégd: &onithel basepafndaansistom Qler Pof
transi stor Qlvardican' %ﬁ%e%ﬁ&%bbqfic(?bol‘ﬂa@eem t IoF FAGUREARStha® 2 is

includes a superimposed sawtooth voltage is coupled from a
DC blocking capacitor Cc of a conventional vertical
deflection circuit 350 to the base of transistor Q3 via a
10 capacitor C8, a resistor R20 and a resistor R19. Resistors
R14, R15 and R16 provide dc bias to the base of transistor
Q3. Voltage v, that is coupled via a resistor R13 to the
base of transistor Q3 and to an integrating capacitor C6
provides a negative feedback, causing the vertical rate
15 envelope of voltage V2 to track parabolic voltage Vb that
is developed in capacitor Co
| A vertical sawtooth voltage RS developed across
a sampllng resistor R is coupled, v1a a resistor R10 and a
resistor R9, to a capac1tor C5 for developing a voltage V7
20 having an exponential upramping portion at a peak amplitude
that is determined by voltage V. VRs- Voltage V, is coupled
to the base of transistor Q4 of E-W control circuit 300.
In this way, Voltage V. RS is also coupled via capacitor C.
to the base of transistor Q3. Because voltage VRS is
25 ‘applied in a differential manner, voltage V RS is prevented
from substantially affecting the switching operation of
transistors Q3 and Q4. A_vertical parabola voltage V6
developed at the base of transistor Q3 is compared to
horizontal ramp voltage VS’ The crossover points of
30 voltages Vg and Vs'determine the timing of the leading and
trailing edges of voltage V3, as indicated before.
Exponentially shaped ramp portion Vsa of voltage
Vg linearizes the east-west raster correction or modulator
circuit 200 by compensating for the decreasing level of
35 current 11 of FIGURE 1b, durlng retrace. Linearization
occurs because a small amount of modulation of voltage V,
near time t, of FIGURE la results in a higher amplitude
modulation of voltage V, of FIGURE le than the same amount
\
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coupled to ground via a small current sanpling resistor 20 R101. A damper
diode Dierr] ,coupled in parallel with transistor @, is constructe ith
transistor @ as one integrated circuit. 2ewcond retrace car?é'@’rt i's
coupl ed between the collector of transistor @@ and ground A retrace

Vol age Lo oM A AE (4P vd AU VI e <]

provi des a hi age, used for eraing -0r3- VO ta e an ul tor
power supply § Het ShDerRUSSe e‘l'éﬁ f%?ﬂgltﬂd:m&f eagh sm‘munnentrse iRl GuRES.

A first hypot hi l&ﬁ'FR}im ens herd | '1'5d U&%ﬁé&tﬁ@dﬁn?ﬂé Y JHEIPONE time t
represents a fji qﬁtrene pera diti I.n which transrstor
i s i nt ai ned Y Jﬁﬁ% 398 Vg &tS BIPROFLLQDAL to

def | ecti orb ci rthe tvalate gehefkf edtdef I'ﬂm |expmen1|.=.'m113[ eshdped wangnner that
s well known yyieaihd ROV Farfedifed £df S, Ahan at time t; of
FIGURE 1g. Consequently, for a given voltage variation at
~ the base of transistor 03, the the modulation of voltage Vg
is smaller around time t, than around time t;. Thus the

10 exponentially shaped ramp portion VSa of voltage V5
linearizes the operation of E-W raster correction circuit
200. Resistor R15 raises the dc average of voltage VS'
Compensation of picture width variations as a function of
beam current, that may be referred to as anti-breathing,

15 may be applled via the base of transistor Q3.

FIGURES 3a-3b and 4 illustrate waveforms obtained
in operating horizontal deflectlon circuit 250 of FIGURE 2.
Similar symbols and numerals in FIGURES la-1lh, 2, 3a=-3b and
4 indicate similar items or functions. ' Advantageously,

20 voltage V; of FIGURE 3a and current i1 are substantially
unmodulated. Between time tz and t3 of FIGURE 3b ,
transistor Q2 of FIGURE 2 is switched to cutoff. Diode DQ2
starts conducting between tlme t5 and t of FIGURE 3b.
Advantageously, voltage Vé of FIGURE 3b is centered around

25 the center of voltage V of FIGURE 3a. When voltage v, of
FIGURE 3b is generated, current 13 of FIGURE 3b is zero.
Note that deflection current 12 of FIGURE 4 is modulated to
provide outside pincushion distortion correction.

Transistor Q5 of FIGURE 2, having a base that is
30 coupled to the junction of a load resistor R12 and a
collector of transistor Q3, applies a base drive to
transistor Q2 from a load resistor R17 that is coupled to
the collector of transistor Q5. The collector of '
transistor Q5 is coupled via a parallel arrangement of a

35 capacitor’c7 and a resistor.RﬂSfbr_generating a fast
transition of a falling edge portion of wvoltage V3 to
obtain a fast turn-off of transistor Q2. The fast turn-off
allows interrupting current i3 immediately after time t of

T‘hls Shr.,et Ha° Bc,cn Rr, vlaced
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explained later on, current i2 is at a maxi mum peak-to-peak 35 anpl it ude,
in this case. A second hypothetical exanple that is also used for '
expl anation purposes, represents a second™ Xt rene operating &&HdidS.S+1in

whi ch smntchlng transistor Q2 is in cutof f throughout an entire retrace

Treu ts are FAcR 0 A TRl oet LR Y R heilna il SRR

i ncl udes r et r deEwegrdiime t[il and rij .ng Ljlastrativealmcdl®e tuxapad f delay
Lol oo RS O e B 4 B SAIM ¥ R Mg
each of the IOgb,e se af & MOSFET 1n place of Q2 may further reduce the
5 “turn-off delay. The fast turn-off feature may be desirable
- in a situation that requires a deflection current at, for
example, a higher frequency such as 2xf
' FIGURE 7 illustrates a- horlzontal deflectlon
circuit 250' that is similar to circuit 250 of FIGURE 2 and
10 that is used for providing horizontal scanning in, for
example, a Philips 45AX Picture tube, not shown. Similar
numbers and symbols in FIGURES 7 and 2 indicate similar
items or functions. However, circuit 250' of FIGURE 7
provides, in addition to outside pincushion correction that
15 is provided as explained before with respect to FIGURE 2,
also inside pincushion correction. Inside pincushion
correction is obtained by the operation of a resonance
circuit 60 that includes an inductor L1, a_capacitor C'g
and that is coupled to a resistor R22. An inside
20 pincushion correction modulation current 15, modulated by
voltage V,, flows through trace capacitor Cq and through
transistor Q2. Current 15 modulates the trace voltage
across capacitor cS The amount of inside correction may
‘be adjusted by adjusting the value of inductor Ll. This
© 25 adjustment, however, is not critical, and a fixed coil of,
for example, 2.2mH may be used. The required value of
capacitor C2 of FIGURE 7 is greater than that in the
circuit of FIGURE 2 because inductor L1 of FIGURE 7 is
coupled in parallel with winding Wl of transformer Tl
30 during retrace. The manner by which a current such as
current iz is modulated to provide inside pincushion
correction is described in more detail in U.S. Patent No.
4,719,392, entitled RASTER CORRECTION CIRCUIT, in the name
of P.E. Haferl.
35 FIGURES 8a-8c illustrate waveforms obtalned
| during operation of c1rcu1t 250! of FIGURE 7. Similar
numerals and symbols in FIGURES 8a-8¢c and 7 illustrate

similar items or functions. Note that current iy of FIGURE
.
- 'Fhis. S heelHa< Pee‘x Rc. laced
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YTesonant circuits is tuned to a frequency that is lower than a required

nom nal retrace frequency. The resonant 1Q circuits are Cog??eg ta.ﬁorn1a
tdnbi ned resonant circuit. Therefore, the Pesulting_connon r 8

frequency of the conbined resonant circuit'is higher than each of its

tit t d " t | f
fﬁgts ituents ag 1'55 e %ﬁ?u@hzabgd Bﬁxﬂlﬁg%&%@em@s”% rE@h'l%Cﬁf chtyenty

is, illustrat int stem i ne
before, secondar 5%?& erWFtBPuFr&H§P9PWPFnF 9#99|§8§IFGFFQBntaI
synchr oni zi ngcuetremel i mudHhaw] basealllpulinereasedoial aHighehr

represents th I fl, I ng Hori,zontal 20
‘synchron|2|ng% EF 39?3¥3 cgﬁﬁgﬁ 1$DEBEQE§9g%htréhbgpﬁégefaf
prOV|d|ng5fee&bamslsynchQ@npiaFIGHREnﬂoﬁ&§p|pon1ﬂessyncMm¢nn$apa¢h for
i nformation C%ﬁ&%b%%dlgq Hﬂ%lﬁﬁliﬁﬁc%f Note' that both currents iy of

FIGURE 8a and current 1 of FIGURE-8b are modulated to
provide 1n51de plncushlon dlstortlon correction.
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signal Herr] is indicative of the phase of current i[err] in deflection |
winding L[err]. Signal Herr] and horizonfjal- sync 25 pulse Cﬂ[gﬁ are .\
rator

ustd to adjust the phase and the frequency of the horizontal 0oSci %

out put signal that is i ncl uded in stage 101. In the second hypot heti cal
exanpl e, prlnwgnrmxgdcmgxﬂﬁmyr of transformer T[err] is coupled to retrace

i A L LU A et R N S
conbi ned r et r somprd sdngnt CIrCUIt enabl es proper synchroni zation mnthout
caUSLng huseleelh st o oflacelh ANANAGIAE WG L) AElEY,
in the nafe oﬁhﬁtElsHiﬁéﬁﬁedeMQ @ firsgadeflect QEGEN@NCQLRCUIT"
a retrace resonant circuit, including a
deflection winding and a first retrace capacitance;
first switching means responsive to said first
input signal and coupled to said retrace resonant circuit

10 for generating a deflection current in said deflection
winding and a first retrace pulse voltage in said first
retrace capacitance during a retrace interval of a given.
deflection cycle;

a second retrace capacitance coupled to said

15 retrace resonant circuit for generating in said second
retrace capacitance a second retrace pulse voltage during
said retrace interval;

a source of an input supply voltage;
a load circuit; :

20 - a supply inductance coupled to said source of
input supply voltage and to said first switching means for
coupling said first and second retrace pulse voltages
therethrough to said load circuit and for replenishing
energy losses in said retraCe resonant circuit during said

25 retrace interval; and _
| a source of a modulation second input 51gna1,
characterized by :

" second switching means (Q2) responsive to said

. first (10la) and second (Vé) input 51gnals and coupled to

30 said second retrace capacitance (cz) for'varying,.in
accordance with said second input signal (V3), a time
difference between initiation of said second retrace pulse
voltage (Vz) and initiation of said first retrace pulse
voltage (Vl) to produce a modulation of said deflection

35 current (12) such that when said second retrace pulse
voltage (Vz) is generated, an 1mpedance arrangement is
interposed between said supply inductance (w ) and said
retrace resonant circuit (100), said impedance arrangement

R A
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During trace, current i[err] in winding Werr] flows through transistor QL
and through transistor 2 to ground. Duri-ig-retrace, current?bkeép]oﬁﬁat
flows through capacitor Cl also flows through capacitor C2 as refrace
current i[err] and 5 causes a retrace voltage V2 to be devel oped across

retrace capacnhaaueingTbalarrabcbndereftraceebagaewahbeg@c [)eahh devel oped
across the sergﬁi 3#§Fed ﬁ%ﬁ ci.tar gl and C%r 1 bgrthe B+
vol t age t hat 83 ed. éPBFg nﬁSIF& 9FEFPF f&
advantageouslyubsabatanﬂlxllpwenathentadrbyrane Eesponabce fmequencgnof
Eft r 3gtee¥0| t ngla4re@%ueboee§oﬁahes &1McBetNq1bby" Ebraidodateng samac! tor
g‘ uppiy inductance (W ) from said retrace resonant circuit
(100) at said lower frequenc1es.

2. An apparatus according to Claim 1
characterized in that said second switching means (Q2)
produces a variation of a pulse width of said second

10 retrace pulse voltage (Vz)'in accordance with said second
input signal (V3) such that a phase diﬁference between
corresponding predetermined portions of said first (Vl) and

o second (V ) .retrace pulse voltages remains substantially
constant when said pulse width of said second retrace pulse

15 voltage (Vé) varies for maintaining a third retrace pulse
voltage (Hr), generated in said supply inductance (Wl); in
correct synchronization with said deflection current (12)
when said pulse width of said second retrace pulse voltage
(V ) varies. -

20 © 3. An apparatus according to Claim 1

 characterized in that said second switching means (Q2)
operates in a conductive state during a first portion of
said first retrace pulse voltage (Vl)_for applying a low
impedance across said second retrace capacitance (cz) that

25 delays the generation of said second retrace pulse voltage
(Vz)_and wherein said second switching means (Q2) operates
in a nonconductive state for removing said low impedance to
enable the generation of said second retrace pulse voltage
(V2) during a second portion of said first retrace pulse

30 - voltage (Vl)

4. An apparatus according to Claim 3
characterlzed in that sald second switching means (Q2) is
conductive until said first portion of said first retrace
pulse voltage (V ) having a length that varies in

35 accordance with sald second 1nput signal (V ) has elapsed
to form a low impedance between a pair of" termlnals of said
second retrace capacitance kcz) during said first portion

for preventing the generation of said second retrace pulse
__~;___‘;_~____ff_ .
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anplitude of deflection current i[err]. Retrace voltage V4 is equal to .
retrace voltage V1 mnus retrace voltage [err] 15 Becaus cguggea§1|3 I n
transi stor @ is zero during the second pdrtion of retrace én fransistor
@ ts nonconductive, retrace current i[err] flows substantially entirely as
current l[errbolhagughvgqpaﬁntaécsadandegwmehabaidrsbcana yapuageiyhallt

[ onconaact (0o freBobg, 2P, pedu0bgha gl BARERLZ Bkl 60 K8 o1 0

is nonconductlva throu
Consequent | y, copuagavesandpwheredni said sespnnswiichingf meansokQeélr isnt

iferr] is a'Sﬁoﬁ&oﬁdﬁbﬂhVE”Ebﬂlbh&néeﬁaﬂﬁ Q!EQEhﬁbt%&bneEB%pbﬁabi@n the
I n accorq nce wth %n gsg%gt of theol venti on, B& A 3 ?eflectlon
current i2 obf§PREAEPRaCko8ELY: BER ERETAGENPHAS |N9 Vpdansi st or
Q- during 5. An apparatus according to Claim 1
characterized in that said supply inductance (Wl) comprises
a winding of a flyback transformer (Tl) that is coupled
through said second retrace capacitance_(cz) to szaid

10 retrace resonant circuit (100) when said second switching
means (Q2) is nonconductive and that is coupled through
said second switchihg_means (Q2) when said second switching

' means (Q2) is conductive to form a combined retrace
resonant circuit having a resonance frequency that is

15 substantially unchanged when said second switching means
(Q2) is conductive and when it is nonconductive.

6. An apparatus according to Claim 1
characterized in that said second switching means (Q2) is
coupled in series with said first SWitching means (Q1l)

20 during a portioh of said given deflection cycle and in
parallel with said second retrace capacitance (C ) and
wherein said second retrace capacitance (c ) is coupled to
a first junction terminal (50) between sa1d first (Q1) and
second (Q2) switching means and in series with said first

25 retrace capacitance (Cl)

_ 7. An apparatus according to Claim 1
characterized by a trace capacitance (cs) that is coupled
to said deflection winding (LH) to form a first trace
resonant circuit during a trace interval of said deflection

30 cycle and a second trace resonant circuit (60) that is -

" coupled to said trace capacitance (Cs)'to provide an inside
pincushion distortion correction wherein said second
retrace pulse voltage (Vz), developed in said second
retrace capacitance (CZ) when said second switching means

35 (92) is nonconductive, generates an inside pincushion
distortion correction modulation current in said second -

- 'trace resonant circuit (60) that is modulated in accordance

with said second retrace pulse voltage (V,).
T _
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the first halfﬁumg terval in a way that nouseteeth distortions
.are reduced. B m”"ﬂ@;m val ue-8-capacitor Cl to fep 9,011
“eXanpl e, approxi‘mattel ¥ tw t of capacitor C2, and the value of the

i nductance of winding WL to be approximtely twice that of winding L[err],

the retrace frequency r&mails appasahusdmccmgdhnght@h@ldlmsl portlon of

retrace, whe PASES
portion of rg?ééce fEe§2%¥§?§€ﬂQ Eé%ggcongfgtlve sequéﬁ?gy, the
phase of vol tGHECWAEr £100) $PFIgPRENP er@wé%ngeatbormnmlmtm%n

current i[errintérvaRf f&cmssbantﬁﬂrpnﬁqear@nwavgt Bubéet (@nyl Ra¥ingXan
Modul atioft of o tOSndStlaPly LRSHER thS SSEFLISR! PLE1 8558 S e wave pulse
being coupled to a first input terminal (base of Q4) of a
differential amplifier (Q3,04) of an East-West raster
correction control circuit (300), a second input terminal
(base ‘of Q3) of said amplifier being responsive to a signal
10 (VG) at a vertical rate, for producing, at an output
terminal (collector of Q3) of said differential amplifier,
a modulation signal that is coupled to a control terminal
(base) of said second switching means (Q2) having a phase
that varies in accordance with said vertical rate signal
15 (V6),-wherein said top portion of said square wave pulse
voltage (Vg) varies in a manner that improves the linearity
of said East-West raster correction control circuit (300)
Wlth respect to variations of said vertical rate 51gna1
(Vg)- |
20 9. A deflection apparatus with raster distortion
correction, comprising:

a source of a first input signal at a frequency
that is related to a horizontal dofiection frequency;

a retrace resonant circuit including a deflection -

25 winding and a first retrace capacitance; '

a first transistor switch responsive to said
first input signal and coupled to said retrace resonant
circuit for generating a horizontal deflection current in
said deflection winding and a first retrace pulse voltage

30 in said first retrace capacitance;:

a second retrace capacitance coupled in series
with said retrace resonant circuit for generating in said
second retrace capacitance a second retrace pulse voltage;

_ a source of a second input signal at a frequency
35 that is related to a vertical deflection frequency;

means responsive to said first and second input

signals for generating a control signal at a horizontal

—_——
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both the retrace tlll!""#m{'!ﬂauimgﬂﬂ .voltage V[err] devel oped from voltage
Merr] in wnding o Tl arLggj.advant ageousl y, gggs[,gnbl-ql |y
unaffected by the state of 5 conduct ance of transistor @, during
retrace. FIGURES la-lh illustrate idealized waveforns useful for explaining

t e operation frequeacy hawvingofa Ph@seEthat Slamllesr mymab:danchenum)al s in

FI GURES 2 and sald t |

E-Wcontrol ci rcq'ﬁil %@aﬁ &L&ﬁ?}%ﬁegg} %é, E:I% e?i%gg %?er] whi ch
drives the base of tran® ge@ongzsw&cba QZ\)[ Qotupl@éij§@s Starlénﬁlﬂs& Q@ to be
conductive thw&a&to&h%ﬁw (Qhesueh thad mrr;;F/ ?or‘t'i%nf ¥fl lahg edge

of voltag%TV[errJ I s ‘ﬁ s%#mdul atdg%lleg:tg?)&ran et e(;}rzc)o err %O\Fgllﬁ%l (C;JRFO
tlne t2 of Fl Guringaaatasce intedvialt @aid first transistor switch (Q1)
and said second switch (Q2) are coupled in series, said
second switch (Q2) being responsive to said control sighal
(V3) and coupled to said second retrace capacitance (C2)
10 ° for producing a variation of a time when said second
retrace pulse voltage (V ) is initiated relative to a time
when said first retrace pulse voltage (V ) is initiated
while maintaining substantially constant a phase difference
between the two retrace pulse voltages.
15 10. An apparatus according to Claim 9
characterized in that a center point between said time when |
said second retrace pulse voltage (Vé) is initiated ‘and a
time when said second retrace pulse voltage (Vz) is
terminated remains substantially in phase with said first
20 retrace pulse voltage (Vl).

/ This Sheet HasB Jace d
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cut-off after time t2 at the phase nodul ated instant within the range
tlerr]-t[err]. \Wen conductive, transistor Q@ cl anps retracq{dﬁ)lgsaqplvz t o
zero and varies the instant when the 20 generation of voltage v2 ‘occurs.
Current i[err] inwinding Werr] of transforner Tl of FIGURE 2 flows.into
resonant circuit 100 that includeS\MruﬁBsmnAcqr] and capacitor Cl. From

t circuit 100, f d
current 14 when 25 tr dneiet %ﬂ%*&aﬁﬁ% SE R HobHEedr’ 200
transi stor @ defkestion cﬁlrrcu kaks repupked ko 3 evetrage PFME’@I
charges capacididcdik of1dd Pat ididdds 2 RérPioftdiRie flecOion Iid g

the center_of fhe ret ace_jnterval when currents i i and rr becone
aé%p

zero. As @ res th L ERE reErafe [apeltance it | itude
at the center txfansetam pXimacy tmmnmfnlis ofoupledcet depaiciion

terminal (collector of Q1) of the deflection switch (Ql)
‘and. the retrace resonant circuit (100). A second winding
_ (W4) of the transformer (Tl) is coupled to an ultor voltage
10 power supply (556). To provide side pincushion correction,
a second switch (Q2), having a conduction time that is
phase modulated during horizontal retrace at a vertical
rate in parabolic manner, is coupled between ground and a
terminal (S0) of the retrace resonant circuit (100) remote
15 from the flyback transformer primary winding (W;). The
second switch (Q2) is conductive during the entire trace
interval and is turned-off at a controllable instant during
the f1rst half of the retrace interval. When the second
sw1tch (Q2) is nonconductive, a second retrace capacitance -
20 _(c ) is interposed between the flyback transformer primary
' w1nd1ng (W ) and the retrace resonant c1rcu1t (100) to
prevent load variation in the second winding (w ) of the
flyback transformer (Tl) from causing raster dlstortlon.

Reference Indicia Are From Fig. 2

-.\\
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current i[err] of FIGURE 1d, that b &J‘Q@%i ncreasi ngly nore negati ve,

di scharges capacitor C2 of FIGURE 2 until "voltage V[err] becones negative.
When vol t age V2 becones sufficiently 35 negative, diode Dlerr] starts
conducting and clanps voltage V[err] to -0.6 voltage, the forward voltage
of. di ode .Dferr]. The correction of outside pincushion distortion requiressa.
hi gher anplitude of deflection current i2 when -10- scanning |ines at
the center of the raster than at the tQQ or bottom At the top of the
raster, transistor Q2 is turned off at ne t2 of FIGURE la, that is the
earliest. Voltage V2 of FIGURE le start@to increase after time tferr].

\
™
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5 After the center of retrace occurs, \rlzﬁ‘géég- Verr] decreases until it
beconmes zero at tine t[err]. Because tra Q@ is turned off at the
time t[err] at the top of the raster, the peak anplitude of voltage V[err]
is at a maxi mum consequently, the peak anplitude of voltage V4 of FI GURE
1f ¢is at a 10 m ni num Fromthe top toward the center of the raster,
the turn-off time of transistor Q, determiﬁﬂ YAt he Pé]valllng edge of

vol t age V3 3 | S L2 ngl'95’6el X |nterval t[err] -
tlerr]. The?‘g u : geMspgg pTa Tyude g < err] of

FI GURE 2, ariagl5 r i ng V- Htwde [ VAS ..;-. n@p n increasing
peak anplitu | Cur rent |ﬁgsg] wi.h rc ,-_ of the raster,
vol-tage V[err] starts | pgr easing at {ine : r serdd becC'Wides zero
at time t[er EMOE orizo | pefio SwEe—t-hre—ott-e4n
of the rast : wva He 13.

Vo3

A

VERTICAL |
ON:0V DEFL.
'{srsmv CIRCUT |
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v RCA 85,011
20 the turn-off time of transistor QPEHKFERU GURE 2 is i ncreasingly

advanced fromtinme t[err] to tine t[erd] &f IFIGURE la, resulting in an
iwncreasing voltage V2 of FIGURE 2, a decreasing voltage V[err] and a
decreasi ng defl ection current i[err]. Thus, deflection current i[err] is
proportlonal to retrace 25 voltage V[err] and inversely proportional to
r'‘etrace voltage V[err] that is nodulated in accordance with the turn-off"
instant of transistor 2. The falling edge of voltage V3 of FIGURE la is
phase-nodul ated in a parabolic nmanner at a vertical rate to 30 obtain the
vertical rate envel opes shown in conjunction with waveforns le, 1f and 1h.
Advant ageously, the variation of the turn-off tinme Ff transistor 2 of

FIGURE 2 nodul ates also the time when V?‘Siﬁge V2 of Ftﬁﬁ%etmsmgﬁ%g,dzero

near the end of retrace. jl"'ll ll"l””l ;,~ [

1.2A

~~—— CURRENT i h
——— VOLTAGE Vjy
ov

' FIG. 3¢ .

| ‘ : , LI .
b- | 1’. §:§: ‘)! ' H i ‘:”‘;i L 'V, . CURRE"‘ '3

YOLTAGE V,
CURRENT i
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35 I'n accordance wittEE Ei}"’nventive feature, the center of the
retrace pul se wavef orm of voltage err] during horizontal retrace is
mai ntai ned the same relative to the center of horizontal retrace tine t4
t hr oughout verti cal scan. Thus, voltages V[err] and V[err] of FIGURE
2 are maintained in phase with respect to voltage V[err]. It follows that,
advant ageously, signal Herr] is maintained in phase with defl ection
current iferr]. 5 Si gnal Hr devel oped -across w ndi ng W2
provi des phase information of the phase of deflection current i[err].
Signal Hr 'is applied to stage roni zing the horizonta
oscillator of stage 101 to synEdpehedtia [k} of the

FIG. 5
UNCORRECTED RECEIVER (E-W CIRCUIT INGPERATIVE)

‘
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. video signal. Because capacitor C2 couplg&%ﬁomdi ng Werr] - to 10 w ndi ng
L[err] to forma conbined resonant circujt0fF the phase information of signal
-Hr is substantially identical to that of deflection current i[err]. A
further advantage provided by the switched operation of transistor @Q is

t hat i nductive conponents are not required to be cou@ ed in series wth 15
transi stor @. Also, the switched operation of trang stor @ results in

| ow power dissipation in transistor 2. Therefore,. tgpansistor Q2 may not
require a heat sink. An additional advantage over other east-west circuits
such as a conventional diode nodulator is that defleﬂion current 20

i[err] does not flow through a danper diode during t second hal f of
trace, resulting in lower deflection | osses and | owefy asymmetric linearity
error. As explained before, during retrace, deflectio‘_n
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resonant circuit 100 is coupled to f@fﬁ%&k{transforner TI 25 by capacitor
C2 having a high inpedance, after transgrstpr @@ becones nonconductive. Wen
“tfansi stor 2 beconmes nonconductive, the ultor voltage rectifying diodes,
not shown, are conducting. The high i npedance of capacitor C2 substantially
isol ates mnndlngs L[err] and Werr] at frequencies 30 associated wth
nouset eeth distortion that are substantially |ower than the retrace
frequency of resonant circuit 100 during retrace; thereby, raster

di stortions known as "nouseteeth" are prevented from occurring.

accordance with a feature of the invention, 35 junction tern1r&3 5D’

bet ween capacitors Cl1 and C2 is cli )

@ during the entlggerace |nterv I

referred to as on h

efore, raster di st
Organ Pi pes

i—

ROR. OSC.
AND

HOR., | BRIVER
SYNC CRIVE

VERTICAL )
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. ' RCA 85

.-12- type raster disturbances may occ RIsuch cl anpi ng were not used as a
result of oscillatory current or r|ng| |n the flyback transforner
‘pEimary current. . Such ringings are suppressed because transistor QL is

cl anped to ground-by 5 transistor 2 during the entire trace interval.
Advant ageously, danper diodes Dferr] and Dlerr] may be constructed with the
‘correspondi ng transistor using the integrated circuit technol ogy for
further reducing the required discrete conponents count. 10

protection diode D1 is coupled between the collector of transistor 2 and a
termnal Wa of primary

2T5mA
CURRENT i5
/
a
VOLTAGE V,
VOLTAGE Vz

CURRENT iy
FIG.8 4b

— — VOLTAGE V,

—0 CcyRRENT iy

— VOLTAGE ¥y
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‘vm,,ndLrtg{ V\[e_ .:0f transfarrre s T D|ode D1 protects trgFLé\Eng
excessifve. peak“vo ageuthat nax,occur when -power i.s i fitfi atl turned onj - -
Ttanélit@r irs. tegted. by - diode 15 ¢ - DL whi-ch | mifts VBEKﬂQE‘WQBtQ % :
mexi rugh of.. 350V:. Skor et T2 has,- -preferabty; 400V|igol aton- capabgl ty
bétmeen the pri mery - and ‘secondary \wi ndi.ngs. A renote dontrol. Tecerver- 201
genetates an on/otf con ; Signal; 20la that is coubl*d,to an_on/ of f
trankist'or 20

SRS T %fxsi‘oxtégéfnr@@m'mn DEMST T IOM SIRCUTTQY |1 S

nonconducti ve, an output sup

phase-control -stage 101 {d éngﬁﬁgb?Qggehﬁg?%gt?fgaééé}?éﬁ&ggg%%gQHESMln

trgnsggtor Q7 wisiclonches tampd i telage £ 181de §l et eorerepunant way dguvasisfand- by
ggefation Ogﬁggé'ﬁégﬁréﬁgéiggég %r§E§hEi981§0%1@@ sinddl-for e eeking a
raster dlstortf%n MoHBEakfén g rl&éffectlon current
amplltude may be desirable for purposes such as, for
example, correction of outside and of inside east-west
pincushion distortion.

Typically, the horizontal deflection circuit

10 includes an output stage having a deflection switch, a
horizontal deflection winding and a trace capacitance that
supplies deflection current to the deflection winding
during each trace interval. A first retrace capacitance is
coupled across the deflection winding during the retrace

15 interval to form a retrace resonant circuit. Energy is
replenished during retrace via a flyback transformer.

A high beam current provided from a secondary
winding of the flyback transformer, during display, for
example, of each white horizontal strip of a crosshatch

20 pattern, such as shown in FIGURE 5, represents a heavy load
to the flyback transformer during retrace.

In some prior art circuits, the retrace resonant
circuit is coupled via a relatively small output.impedance,
of an east-west control circuit, to the primary winding of

25 the flyback transformer throughout retrace. 1In such prior'
art circuits, the retrace capacitance may be slightly
discharged during retrace due to the aforementioned
loading. This may result in a discharge current from the
trace capacitance into the retrace capacitance through the

30 deflection winding and a resulting slight drop of the
voltage across the trace capac1tance due to the white
horizontal strips of. the crosshatch pattern.

The charge of the trace capacitance is
replenished during the retrace intervals associated with .

35  the scan lines that display the black picture portion
underneath the white crosshatch stripes. This causes a
small current in the opposite direction, at a low
frequency, to flow through the deflection winding during



t he base of transistor Q6 to cause driver transistor :§ﬁP CEME%HESH&E

to be-turned-off. After, -for -exanple, the transition frpmnorml or 30
power - up ‘operati.on -to the-stand;by-nnde-operation-ther - m&yb dULI 199ke je ergy
stgred in primary winding-T[err] of:transfornmer T2 of IGURE 2. Thi.s.jener gy
may continué producing base current ib in deflectionjtransrstor—t—untifll a
magni t ude of voltage 10la across primary wi nding T[erc]l.of 35 t ransf ¢r mer
T2 decreases tthezdirace Astervats!t, The fahuzigedaﬁzldeduschacgelwrmgnﬂa@z

generated wit h:h%” t‘i‘%ﬁ:‘é”égﬁa@yﬁab’é@eﬁf&ﬁfhéé e sﬂl‘éﬁ@t raatkhagi
transistor QL easesults' tnCPoy Flequenay aliltationd’ nedt atity réh Terr)
and if[err] n1dﬂ¥ quency g
deflection winding trace current. This low frequency
5 modulation may cause each vertical strip of the crosshatch
pattern to have of a zig-zag shape, instead of a straight
line shape. The zig-zag shape appears in a given vertical
direction immediately below the intersection point with a.
horizontal strip. Such distortions occurring at such low
10 frequency, sometimes referred to as "mouseteeth"

distortions, are illustrated in the crosshatch pattern of
FIGURE 5.

(‘D

Thus, mouseteeth distortions appear, during and
just after the times in which high beam current transients
15 occur, because the deflection circuit, that represents a
low impedance energy flywheel during retrace, supplies the
transient increase in energy requirement of the ultor
circuit. Thus, energy transferred from the deflection
circuit to the ultor circuit may tend to cause variations
20 in the deflection winding trace current. The nature of
mouseteeth distortion and corresponding solutions are
explained in U.S. Patents 4,429,257; 4,634,937; 4,780,648
and 4,794,307,
In a horizontal deflectlon circuit, embodying an
25 aspect of the invention, a modulation switching current is
formed by a bidirectional modulation switch during retrace.
The modulation switch, coupled to the retrace resonant
circuit that includes the first retrace capacitance, has a
conduction time that is phase modulated during horizontal
30 retrace in accordance with a vertical rate parabolic
voltage. A second retrace capacitor is coupled in parallel
with the modulation switch. The modulation switch is
conductive during the trace interval and is turned-off at a
controllable instant during retrace. The modulation switch
35 forms, when conductive, a low impedance across the second
retrace capacitor that clamps the voltage across the second
retrace capacitor to zero. As a result, a controllable
retrace pulse voltage having an amplitude that is



i ncrease excessively and destroy transistors QL and Q@
pOSSIbI|Ity on/ of f control si-gnal 20la-is coupl ed thr
and a 5- ‘conductor 555 to-the base electrode of a traps

provi des- base drive to transistor -2, caugikng- tranS|st -(%é o turn of'
i medi ately after the power-on-to- st andby transition. %
transistors QL and are coupled in series, turnin fltransi stor

causes the curcentrohlalple la pHigtdi $hetsisovakhakle q#uﬁ?“ﬁ%&ﬁ§ﬁst§$s QL
and 2 are prohegbss. th®VeaEsnd Maﬁ&ba@bditdﬁ\/\ﬂhm retneg el i prr equi r e

3RT ot shown SUARER) RBrfhd 4ol BicesP RN, S8 bot ot moanko (he

advant ageous| y retugcaovol tage racHasst bh@oﬁe§ep§r§§§Féﬁe|%@EﬂQ&FQﬂuﬁﬂ¥lﬁﬁ
FIGURE 2. Ish sygh Raghethn&d & rangaifRite vdltage that is developed across

the first retrace capacitor and, in this way, provides the
desired deflection winding current modulation so as to
correct for outside and inside pincushion distortion.

Advantageously, by having the modulation switch

10 conductive during only a portion of horizontal retrace,
mouseteeth distortion is reduced. Mouseteeth distortion is
reduced because, when the modulation switch is
nonconductive during the other portion of horizontal
retrace, the flyback transformer primary winding is coupled

15 to the retrace resonant circuit via an impedance formed by
the second retrace capacitor. Such impedance is high at
low frequencies that are associated with mouseteeth
distortion. Such frequencies are substantially lower than
the retrace resonant frequency. By operating the

20 - modulation switch in the switching mode, power dissipation
is, advantageously, reduced.

The retrace voltage in a secondary winding of the
flyback transformer may be used to provide a synchronizing
feedback signal that is used for providing timing

25 information to a phase-control-circuit. The '
phase-control-circuit’ generates a control signal that
synchronizes the horizontal deflection current to a
horizontal synchronizing input szgnal.

' In accordance with a feature of the invention,

30 the second retrace capacitance causes the flyback
transformer feedback signal to be maintained in phase with
respect to the retrace voltage developed across the
deflection winding. Thus, the feedback signal provides
correct horizontal timing information of the horizontal

35 deflection current throughout vertical scan. Had the
retrace voltages in the flyback transformer and in the
deflection winding not been maintained in phase during the
entire vertical scan, a raster distortion resulting in a

To nrevent such a




f eedback arrangenent .that i'ncludes a series-arrangenent of a di-ode D10 and

a resistor RO1 is coupl ed between the emtter of transisto €§§” E V(H |
t he' dashed | i-ne, and 20 the base of transistor ., via c ' Mmmf‘i-
sf stor .- 4

Wien such feedback arrangerment is used, jfie emtter of tr. ( ,
coupled to ground via current sanpling resistor. RLO1,. causj ng. &ﬁdﬂhtwm _
i[err] to be sanpl ed across resistor R101. A resulting voltage V[err]

devel oped acr oslsighddiysreraRedicakly bemt rdstethdrbabe vertagel of transistor

®. When\ﬂﬂtdikéd&ﬁﬁ{hu t0§5v56§¢§ﬁﬁ%e&UOl exceeds +1.8V, transistor b
is turned on by vol tage V and redgggﬁethe base drive of. t an5|stor Q.

Thus, current i3 is limt eglﬁbgﬂ FLaMh APRAFAEHS FBPO
resi stor R101 aspedts df dﬁhm iggention includethe fssadicack fpaofidsy i;;ptm ode

D10 and resi St gl at2dv 3nbatears! Yhael P aed st ot harskstoges e divh X
frequency and a retrace resonant circuit. The retrace
resonant circuit includes a deflection winding and a first
retrace capacitance. A deflection current is generated in
the deflection winding and a first retrace pulse voltage is

10 generated in the first retrace capacitance during a retrace
interval of a given deflection cycle. A second retrace
capacitance is coupled to the retrace resonant circuit for
generating in the second retrace capacitance a second
retrace pulse voltage during the retrace interval. A supply

15 inductance coupled to a source of an input supply voltage
couples the first and second retrace pulse voltages
therethrough to a load circuit. A source of a modulation
second input signal at a frequency that is related to a
second deflection frequency is coﬁpled to a switching

20 arrangement. The switching arrangement varies, in
accordance with the second input signal, a difference
between a time when the second retrace pulse voltage is
initiated and a time when the first retrace pulse voltage
is initiated to produce a modulation of the deflection

25 current. When the second retrace pulse voltage is -
generated, an'impedance arrangement, that includes the
second retrace capacitance, that is high at frequencies
that are substantially lower than a retrace resonance -
frequency of the retrace resonant circuit, is interposed

30 between the supply inductance and the retrace resonant
circuit. The high 1mpedance isolates the supply inductance
from the retrace resonant dircuit at the lower frequencies.

In the D¥awing: s
FIGURES la-~1lh illustrate idealized waveforms

35 useful in explaining the circuit of FIGURE 2;

FIGURE 2 illustrates a deflection circuit,
embodying an aspect of the invention, that includes outside
pincushion digtortion correction;
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that are coupled in series during operation and, i.n | gi —auiag the
pomer-up to-standby-transition:. It .should be underst fm §¢hﬁﬂ7 )yack .

ar r angenent may 35 al so be used together with, I stead~o?‘the“'f
ar rangerent’ i n which signal -~ 201a i-s- coupl.ed:to- the ade 35JWBW§9§ .
t hat was expl ai ned before. Wen, f.or exanple both arjangenents are u ed .
together, current -i3 may becone -14- substantial Fy re d to, for

exanpl e, zero for prOV|anm0REE33&N$h riad uetreateuwaeafophot @edumnimy for -
providi n9 on/ OELrQRSrﬁ&i»{’Ponfal%xﬁ&é 'éh‘é%t %E%;é?uf”i’ﬁ'é’:?&é’fnﬁd"%%for m

circuit of FIGURE 2;

FIGURE 4 illustrates additional waveforms that

5 are useful in explaining the operation of the circuit of
FIGURE 2;

FIGURE 5 illustrates a crosshatch pattern in
which "mouseteeth" distortion is uncorrected;

FIGURES 6a-6d illustrate waveforms useful in

10 explaining a current protection feature of the circuit of
FIGURE 2;

FIGURE 7 illustrates a second embodiment of the
invention that includes inside pincushion distortion
correction; and

" 15 FIGURES 8a-8c illustrate_waveforms associated
with the circuit of FIGURE 7.

A horizontal deflection circuit 250 of FIGURE 2,
embodying an aspect of the invention, provides horizontal
deflection in, for example, an FS color cathode ray tube

20 (CRT) type A66EAS00X01. Circuit 250 includes a switching
transistor Q1 operating at a horizontal frequency.fH and an
anti-parallel damper diode DQl' both being constructed as
one integrated circuit. A retrace capacitance Cl is _
coupled in parallel with transistor Q1 and diode DQl' A

25 deflection winding LH is coupled in series with an
S=-shaping trace capacitance Cg to form a circuit branch
that is coupled in parallel with each of transistor Q1,
diode DQl and retrace capacitance Cl to form a retrace
resonant circuit 100 during horizontal retrace.

30 A phase-control stage 101 that includes a
horizontal oscillator and a phase detector, not shown in
detail in FIGURES, is responsive to a horizontal
synchronizing signal H. signal-Hs is derived from, for
example, a video detector of a television receiver, not

35 shown in the FIGURES. Stage 101 applies, via a tranmsistor
06, a drive voltage 10la to a primary winding Tya of a
driver transformer T2. Secondary winding Top of
transformer T2 is coupled via a voltage divider, that



5 cof current i[err] of FIGURE 2-imediately after corr m -
it '?gﬁn‘b RN SHE

transitions between nornel operation power-up node:and §
t he protecti-on circuit, -that. would.occur if conductor. 555 mere dlsconnecte
f or¢ di'sabl i'ng t'he openatlon of .the. protection-circuit. S ﬁiyULFB@wRF q
10 illustrates the envel ope of the wavéform of current _[err] of -FI GURE

s

N

M'.cr'o.'-*

when conductor 555 is connected that enables t he operatijon of the

protection ci
maxi num of 1.

N T

col l ector 15 °fc&rraé‘ﬁ11889rqﬁlmﬁéﬁ RrRdystige @t Pefecrévie tcurrefitsdpl e84 and
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ector of transistor Q1. A secondary
winding W2 of transformer T1 is coupled to stage 101 to
provide a feedback retrace signal Hr for generating drive
signal 10la that synchronizes a horizontal deflection
current i2 in winding Ly to signal H.

A switched raster correction circuit 200,
embodying a feature of the invention, includes an E-W
control circuit 300 that controls the switching timing of a
switching transistor Q2. Transistor Q2 is conductive
throughout the trace interval and becomes nonconductive
during a controllable instant within the retrace interval.
The collector of transistor Q2 is coupled to a junction
terminal 50 between the emitter of transistor Q1 and
retrace capacitor Cl. The emitter of transistor Q2 is
coupled to ground via a small current sampling resistor
R101. A damper diode DQz ,coupled in parallel with
transistor Q2, is constructed with transistor Q2 as one
integrated circuit. A second retrace capacitor C2 is
coupled between the collector of transistor Q2 and ground.
A retrace voltage V. generated across a winding W, of
transformer T1 provides a high voltage, used for generating
an ultor voltage in an ultor power supply 556 that includes
rectifying diodes, not shown in the FIGURES. -

A first hypothetical example that is used for
explanation purpose represents a first extreme operating
condition in which transistor Q2 is maintained conductive
throughout trace and retrace. In this” case, deflection
circuit 250 generates deflection current i2 in a manner
that is well known but without_East-Wesp correction. As
explained later on, current i2 is at a maximum peak~-to-peak

' amplitudé, in this case.

A second hypothetical example that is also used
for explanation purposes, represents a second extreme
operating condition in which switching transistor Q2 is in



20_ DEFLECTION CTRCU T, in the nane of the same Applicant, filed 10 March .
1988. E-Wcontrol circuit 300 of  FIGURE 2 includes a differential anplifier
formed by transistors B .and-Q4 and Darlington driver transistor @ which
drieves 'switching 25 ---transistor 2. Thesdifferential anplifier that

i ncl udes transistors CB and 4 conpares a vertical parabola voltage V[err]
to an exponential [y shaped ranp portion V[err] of a voltage V[err] having a
maveforn1thatcusoﬁﬁOEMIwugﬂauyj%ﬁ.zntthe cebsaocgeinpaiviks. din tthe segpaded

vol tages det ecghggtel Mudthy ddufat. o aRL oF ye&&m\&ﬁﬂi@%@ la. To

devel op- vol ta hori'zontal. retrace, pu seigg Q§%§Of FI GURE
2, devel oped %Hrﬁegﬁndiﬁ)ﬁkf§ﬁ MeanFESPRBPLTELIGREL R Pesi st or
R4 to a zener idcddée®3re thir &pe arhparirtewalk Whndlngctﬁdaaianﬁama0|tor 4,
5 capacitor Cs. The second one includes flyback transformer
winding W and retrace capacitor C2 that are coupled in
series. Considered separately, each of the pair of retrace
resonant circuits is tuned to a frequency that is lower
than a required nominal retrace frequency. The resonant
10 circuits are coupled to form a combined resonant circuit.
Therefore, the resulting common retrace frequency of the
combined resonant circuit is higher than each of its
constituents and is made equal to the required nominal
retrace frequency that is, illustratively, 43 KHz in the
15 PAL system.

As explained before, secondary winding w2 of
transformer Tl provides horizontal synchronizing retrace
signal Hr’ Each pulse of signal Hr represents the retrace
interval in deflection winding Lg- Horizontal

20 synchronizing signal H. is coupled to phase-control-stage
101 for providing feedback synchronization information.
The synchronization information contained in the pulses of
- signal Hr'is indicative of the phase of current i2 in

deflection winding Lg- Signal H, and horizontal sync

25 pulses H are'used to adjust the phase and the frequency of
the horizontal oscillator output signal that is included in
stage 101. _ _

In the second hypothetical example, primary
winding Wy of transformer Tl is coupled to retrace resonant

30 circuit 100 through a capacitive voltage divider that
includes capacitors C1 and C2 to form the combined resonant
circuit. The combined retrace resonant circuit enables
proper synchronization without causing mouseteeth
distortion. The advantages of forming such combined

35 retrace resonant circuit are explained in detail in U.S.
Patent 4,634,937 in the name of P.E.-Haferl,--entitled- -—--

YEAST-WEST CORRECTION CIRCUIT". -
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35:. a resistor R5 and a diode D2 generates a gating pul se VD3:across di ode
D3 having a | eading-edge with a fast rise time. Faster. | eading edge,
resutts, advantageously, in.a-larger dynamc-range of E-Wcontrol circuit
3006. Pulse V[err] .- ~-across -di ode.D3 is. .applied vi.a resistors R6 and R7 to
a capacitor.C5 and to a resistor RO for ge8erating.the exponentlally shaped
ranp portion Voa of voltage V5. Pulsed voltage V5 that includes

exponent el Ly 10T o2t 19 PR BLER 7, P Wiesbaie O
includes” a supeFhRpesdtzangisdor @3 aadethsoughpteansisfinm QCtbl grhung.
capaci tor C[errbugin@ EONRIY | @ﬂiﬂre&‘&rﬁllcﬁhat flows through capacitor C1
also flows through capacitor C2 as retrace current i4 and
5 causes a retrace voltage Vz to be developed across retrace
capacitor C2.
The amplitude of a retrace voltage Vl' developed
~across the series coupled capacitor Cl and C2 is stabilized
by the B+ voltage that is regulated. Therefore,- voltage vy
10 is, advantageously, substantially unaffected by the
East-West modulation. Retrace voltage V4, developed across
winding Ly and across capacitor Cl, determines the
amplitude of deflection current i2. Retrace voltage Va is
equal to retrace voltage Vl minus - retrace voltage V2'
15 Because current i3 in transistor Q2 is zero during the
second portion of retrace when transistor Q2 is
nonconductive, retrace current i1 flows substantially
entirely as current i4 through capacitor C2 and generates
retrace voltage V,. It follows that in the second
20 hypothetlcal example in which transistor Q2 is
nonconductive throughout retrace, voltage V2 is at a
maximum amplitude. Consequently, voltage Va amplitude is
at a minimum and deflection current 12 is also at a ninimum
in the second hypothetical example.
25 In accordance with an aspect of the invention,
modulation of deflection current is obtained by a
modulation of the turn-off instant of transistor Q2 - during
the first half of the retrace interval in a way that
mouseteeth distortions are reduced. By selecting the
30 value: of capacitor Cl to be, for example, approximately
twice that of capacitor €2, and the value of the inductance
of winding W1 to be approximately twice that of winding Ly,
the retrace frequency remains the same during both the
first portion of retrace, when transistor Q2 is conductive,
35 and during the second portion of retrace, when transistor
Q2 is nonconduc?ive. Consequently, the phase of voltage V1
in winding W, relative to that of deflection current i, is
unaffected by the conduction state of transistor Q2.
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deflection circuit 350 to the base of transistor B via a 10 capaci tor
Cerr], a resistor R20 and a resistor R19. Resistors Ri4, Rl15 . and R16
provi de dc bias-te.the base of -transistor. 3. Voltage V[err] .that is
coupted-via:a resistor R13 to -the base oP~transistor B and to.an . .

i nt egrating capacitor C6 provides a negative f eedback, causing the vertlcal

rate 15 env voI bolic volta V| err that is
devel oped in §8§§§ ?b? qg} Wﬂ&p |céPs§3ﬁ?obfhpv€W{%u§? rFf 88ve|oped
across a sanpbpriy. ﬁbeuéebvacrq drime jandc dupksyacei vohtageist slevrilopedd a
resistor R9, if@om ¢6PE&gS OF Qﬁlfvﬁhdiﬁ‘gehopbmgtilaﬁ@féﬁﬂ@r\@l ¥e, having an

e R B g RRE Ly P Bl s Ay T R SR hR b nd T "L w

- control cﬁrcucpngggtaBQEtﬁfstmigslsmﬂrt5@9 Jusing retunhce. coupled vi a

+ capacitor Cc FIGURES la-lh illustrate idealized waveforms
useful for explaining the operation of the circuit of
FIGURE 2.. Similar symbols and numerals in FIGURES 2 and in
FIGURES la-lh indicate similar items or functions.

10 E-W control circuit 300 of FIGURE 2 generates a
pulsed voltage V, which drives the base of transistor Q2.
Voltage V3 causes transistor Q2 to be conductive throughout
the trace interval. During retrace, the falling edge of
voltage Vs is phase modulated in the range tz-t3 of FIGURE

15 la. Thus, switching transistor Q2 of FIGURE 2 is
conductive prior to time t, of FIGURE la and switched into
cut-off after time t, at the phase modulated instant within
the range ty-ts. When conductive, transistor Q2 clamps
retrace voltage V, to zero and varies the instant when the

20 generation of voltage v, occurs.

Current i1 in winding W; of transformer T1 of
FIGURE 2 flows into resonant circuit 100 that includes
winding Ly and capacitor Cl. From resonant circuit 100,
: current i1 splits and forms current i3 and current i4 when

25 transistor Q2 of FIGURE 2 is nonconductive. When
transistor Q2 is turned-off, the decreasing curre_nt.i4 of
FIGURE 1d charges capacitor C2 of FIGURE 2 until time t, of
FIGURE 1d, occuring at the center of the retrace interval
when currents i1 and i4 become zero. As a result, voltage

30 v, of FIGURE le reaches its peak amplitude at the center
of retrace. During the second half of retrace, negative
current i4 of FIGURE 1d, that becomes increasingly more
negative, discharges capacitor C2 of FIGURE 2 until voltage
v, becomes negative. When voltage V2 becomes sufficiently

35 negative, diode DQZ starts conducting and clamps voltage V,
to 0.6 voltage, the forward voltage of diode DQZ’

The correction of outside pincushion distortion
requires a higher amplitude of deflectinn current i2 when
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to,the base of transistor (B. Because voltage V[err] is 25 appliedin a
differential - manner, voltage V[err]. is prevented from.substantially .

af fecting the: smntchlng operation:of transi.stors:-@ .and 4. A vertical . ..
parabol a vol tage Vferr] devel-oped at ‘the base -of transistor.Q3.is conpared. .
to horizontal ramp voltage V[err]: The cros&over points of 30 . voltages
Vlerr] and V[err]'deternine the timng-of ‘the leading and trailing edges. of

voltage Vler] asaiidicated etorhe Eshonenst ably Shaned chafPaPOLhl ofbySa

of voltage V5 Ilnearl ter correctio

circuit 200 by QEHHQ&EQR% At the tAR afcthastastelydiramsissor Q2rient .i[err]
of FI GURE 1b, duwirmed reif ate timei RgaoEZRIGURE OrLurthdtedautheaesgbiéstanount

o e o (ruslo P, B ErblEl e L2 O O akBRMIGe 00

anount 5 ter the centér of retrace occurs, voltage V, decreases
until it becomes zero at time t6. Because trans1stor Q2 is
turned off at the time t2 at the top of the raster, the
peak amplitude of voltage v, is at a maximum; consequently,

. the peak amplitude of voltage Vg of FIGURE 1f is at a

10 minimum. From the top toward the center of the raster,
the turn-off time of transistor Q2, determined by the
falling edge of voltage V3 of FIGURE 1la, is increasingly
delayed within interval t, - t;. The result is a
decreasing peak amplitude of voltage V, of FIGURE 2, an

15 increasing peak amplitude of voltage V, and an increasing
peak amplitude of deflection current iz' At the center of
the raster, voltage v, starts increasing at time ty of
FIGURE le and becomes zero at time t; of each horizontal
period. From the center toward the bottom of the raster,

20 the turn-off time of transistor Q2 of FIGURE 2 is
increasingly advanced from time ty to time t, of FIGURE 1la,
resulting in an increasing voltage V, of FIGURE 2, a
decreasing voltage vV, and a decreasing deflection current
iz' Thus, deflection current i2 is proportional to retrace

25 voltage V4 and inversely proportional to retrace voltage V2
that is modulated in accordance with the turn-off instant
of transistor Q2.

The falling edge of voltage V3 of FIGURE la is
phase modulated in a parabolic manner at a vertical rate to

30 obtain the vertical rate envelopes shown in cohjunction

' with waveforms le, 1f and 1h. Advantageously, the
variation of the turn-off time of transistor Q2 of FIGURE 2
modulates also the time when voltage V, of FIGURE le
becomes zero near the end of retrace. ~

35 "In accordance with an inventive feature, the
center of the retrace pulse waveform of voltage V2 during
horizontal retrace is maintained the same relative to the
center of horizontal retrace time t4 throughout: vertical
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-16- of nmodul ati on of "voltage V[err] near tlne t[err] of FIGURE la. This is
so because the anplitude of each of currents i[err] * and i.[err] of FI.GURES
1b and-1d, respectlvely, i.s..hi gher at ~tine t[err] than at. tine t[err] and.
because voltage V2 i s-proportional-to 5. #?e val.ue of [err]ilerr]. .
The exponenti al I'y shaped ranp voltage V[ er i s steeper near tinme t[err]
than at tinme t[err] of FIGURE 1g. Consequently, for a given voltage

var: iatlon at’ éh&m.se mfuéraﬁa»&llt%t;el’s @.8 ahhev her nertitral 20 el muohtaggey3 is
Z)r:gong:\t ?;IO:J; s#ghaé L‘#%‘oft sgﬁrC%FgPr a%%a{.‘a'ge I\}'[gjﬁ‘]lqwﬁnigf" zes the
oper ation of E-%@V%ﬁﬁ%gequﬂlWécﬁﬂanaélngls maintained in Phase with
deflection current 12
5 Signal H_ developed across winding W, provides
phase information of the phase of deflection current i-2'
Signal H. is applied to stage 101 for synchronizing the
horizontal oscillator of stage 101 to sync pulses H of the
video signal. Because capacitor C2 couples winding W, to

10 winding Ly to form: a combined resonant circuit, the phase
information of signal H, is substantially identical to that
of deflection current i2. A further advantage provided by
the switched operation of transistor Q2 is that inductive
components are not required to be coupled in series with

15 transistor Q2. Also, the switched operation of transistor
Q2 results in low power dissipation in transistor Q2.
Therefore, transistor Q2 may not require a heat sink. An
additional advantage over other east-west circuits such as
a conventional diode modulator is that deflection current

20 i2 does not flow through a damper diode during the second
half of trace, resulting in lower deflection losses and
lower asymmetric linearity error.

As explained before, during retrace, deflection
resonant circuit 100 is coupled to flyback transformer T1

25 Dby capacitor C2 having a high impedance, after transistor
Q2 becomes nonconductive. When transistor Q2 becomes
nonconductive, the ultor voltage rectifying diodes, not
shown, are conducting. The high impedance of capac1tor C2
substantially isolates windings Ly and W, at frequencies

30 associated with mouseteeth distortion that are
| substantially lower than the retrace frequency of resonant
circuit 100 during retrace; theréby, raster distortions
known as "mouseteeth" are prevented from occurring.
In accordance with a feature of the invention,

35 junction terminal 50 between capacitors Cl and C2 is
clamped to ground potential by transistor Q2 during the
entire trace interval. Therefore, raster disturbances
referred to as "Organ Pipes" do not appear. Organ Pipes
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20Q. Resistor R15 raises the dc average of voltage V[err]. Conpensation of
picture width variations as a function of beam current, that may be
referred to-as anti-breathing, 15 - may be applied via the base of
transi stor- B: FIGJRES 3a-3b and 4. illusykate waveforms obtained in o
operating-horizental deflection.circuit 250 of FIGURE 2.. Siml|ar synbols
and nuneral s in FIGURES la-1h, 2, 3a-3b and 4 indicate simlar itenms or .
functions. AdtyPeagesterlydigurbargdesagayVjoecufr of FRChRELSepimgdwederent |
are substanti gldty ugeards! a_tﬁésul_@esm&%itmmo&? 2agrestobr HiAdRRg3Pin
transi stor CQ}%%’EHEHREKZ I S sPntched Loa%pt%f . 'od u%éﬁ starts _
conducti ng betWse AEXt FERPSLOIREL RIS CRFEBRE - 3b”YmYVENHGa5usF§,
vol tage V2 of stipBUREsed becaest ctxahsishomd QA51is thempedt te gfound biige V1 of
FI GURE 3a.5 Wigninsglskageod2aefihy URF thire @9aeeatindercairent iferr] of
FIGJRE 3b 1s zero. Advantageously, damper diodes DQl and DQZ may be
constructed with the corresponding transistor . using the
integrated circuit technology for further reducing the
required discrete components count.

10 A protection diode D1 is coupled between the
collector of transistor Q2 and a terminal Wla of primary
winding Wy of transformer Tl. Diode D1 protects transistor
02 from excessive peak voltage that may occur when power is
initially turned on. Transistor Q2 is protected by diode

15 D1 which limits voltage V, to a maximum of 350V.

Transformer T2 has, preferably, 400V isolation capability
between the primary and secondary windings.

A remote control receiver 201 generates an on/off
control signal 20la that is coupled to an on/off transistor

20 switch Q7 of a +12V regulator. When transistor Q7 is
nonconductive, an output supply voltage +12V is generated
that causes phase-control-stage 101 to be énergized during
power-up operation. When transistor Q7 is conductive,
stage 101 is de-energized that causes stand-by mode

25 operation. During a transition to the stand-by mode of
operation, phase-control-stage 101 supplies base drive to
the base of transistor 06 to cause driver transistor Q6 of
transformer T2 to be turned-off.

After, for example, the transition from normal or

30 power-up operation to the stand-by mode operation there may:
still be energy stored in primary winding T, of
transformer T2 of FIGURE 2. This energy may continue
producing base current iy in deflgction.transistor Q1 until

- a magnitude of voltage 10la across primary winding Tsa of

35 transformer T2 decreases to zero. As a result, a final
deflection cycle may be generated with an extended but
undefined time duration that ends when transistor Q1 ceases
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Note that deflection current i2 of FIGURE 4 is nodul ated to provide outside
pi ncushi on distortion correction. -Transistor & of FIGURE 2, having .a base

that s 30 - coupléd teo the junction of -aload resi.stor RL2 and .a..collector .

of «transistor- @,- applies a base- drive-to tyansistor 2 froma |oad .
i3

resistor Rt7 that is coupled to-the collectof of transistor Q. The

collector of transistor b is coupled via a parallel arrangenment. of a 35
o gt ooy Seasubacigriesotnt | il syl mitne
. e fast {urtharedas 1 Raeiivity, fpf bl by Foigaaebat oacantl B9 O
time t[err] of To prevent such a possibility, on/off control
' signal 20la is coupled through a resistor R81 and a
5 conductor 555 to the base electrode of a transistor Q5 that
provides base drive to transistor Q2, causing transistor Q2
to turn off immediately after the power-on-to-standby
transition. Since both transistors Q1 and Q2 are coupled
in series, turning off transistor Q2 causes the .current in
10 Dboth transistors to cease. Thus transistors Q1 and Q2 are
protected. However, such fast shut-down arrangement may
require a fast spot suppression circuit to prevent beam
spot related damage to the CRT, not shown.
An alternative protection arrangement, which
. 15 advantageously, may not require fast spot suppression is
also shown in FIGURE 2. In such preferred arrangement, a
feedback arrangement that includes a series arrangement of
a diode D10 and a resistor R91 is coupled between the
emitter of transistor Q2, as shown by the dashed line, and
20 the base of transistor Q5, via conductor 555. When such
feedback arrangement is used, the emitter of transistor Q2
is coupled to ground via current sampling resistor R101,
causing current i3 to be sampled across resistor R101. A
resulting voltage Voo developed across resistor R101
25 controls the base voltage of transistor Q5. When voltage
Voc across resistor R10l1 exceeds +1.8V, transistor Q5 is
turned on by voltage Voc and reduces the base drive of
transistor Q2. Thus, current i3 is limited to a peak of
1.8 ampere when, for example, resistor R101 equals 1 ohm.
30 The feedback provided by diode D10 and resistor
R91, advantageously, protects both transistors Q1 and Q2
that are coupled in series during operation and, in
particular, during the power-up-to-standby transition. It
should be understood that such feedback arrangement may
35 also be used together with, or instead of the arrangement
in which signal 20la is coupled to the base of transistor
05 that was explained before. When, for example, both
arrangements are used together, current i3 may become
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FI GURE 1c and allows using the full nodul ati on range between tine t[err]
and t[err]. Illustratively, the turn-off delay of transistor @@ of FIGURE 2
is'less than 1-m crosecond. The .use-of .a MOSFET .in place .of Q. may further .
reduce ttie 5 -~ turn-off- delay. -The.fast.jurn-off feature nmay .be .desirabl.e..
In a situation that requires a deflecti.on’current at, for exanple, .a higher.
frequency such as 2xf[err]. FIGURE 7 illustrates a horizontal deflection

Ci rcu}t 250° fsh_nﬁtéﬁt:'sé]miyi&reldu@:e@i toyi Fo25xahp d Qe Idptdvidingt is
i cture tube, e PeaSied Whn Yt thEapk Breblof A MG dhaiilath? 00"
i ndi cate sin PRAOFfPRETHLHAMCti ons. However, circuit 250'° of FI GURE 7
provides, in addition tPiGUKESiEd iRlRstzhtes Aréneéicte tdRla Wavefbtm
provi ded as eé?' %ngm? e{aoroef “é‘xtd%n%eip‘i%eki’a@@ Rgfger corresponding
transitions between normal operation power-up mode and
standby mode without the protection circuit, that would
occur if conductor 555 were disconnected for disabling the
operation of the protection circuit. ' Similarly, FIGURE 6b
10 illustrates the envelope of the waveform of current i3 of
FIGURE 2 when conductor 555 is connected that enables the
operation of the protection circuit. Note that current 13
of FIGURE 6b is limited to the maximum of 1.8 amperes.
Likewise, FIGURE 6¢ illustrates an envelope ofqbllectof
15  .urrent orqiWhen the protection circuit is disabled and
FIGURE 6d illustrates the envelope ofdollector current of
_Qi when the protection circuit is enabled. The 6peration of
the protection circuit is also discussed in U.K. Patent
Application 8805757, entitled PROTECTION ARRANGEMENT OF A
20 DEFLECTION CIRCUIT, in the name of the same Applicant,
filed 10 March 1988.
E-W control circuit 300 of FIGURE 2 includes a
differential amplifier formed by transistors Q3 and Q4 and
Darlington driver transistor Q5 which drives switching
25 transistor Q2. The differential amplifier that includes
transistors Q3 and Q4 compares a vertical parabola voltage
V6 to an exponentially shaped ramp portion V5a of a voltage
Vg having a waveform that is shown in FIGURE 2. The
crossover points of the compared voltages determines the
30 timing of control voltage V5 of FIGURE la.
To develop voltage Vg of FIGURE 2, horizontal
retrace pulses H_, of FIGURE 2, developed in a winding W,
of transformer T1, are coupled via a rg;istor R4 to a zener
diode D3. A speed-up network that includes a capacitor C4,
35 a resistor RS and a diode D2 generates a gating pulse Vj,
across diode D3 having a leading edge with a fast rise
time. Faster leading edge, results,advantageously, in a

larger dynamic range of E=-W coqtroL“gigcﬁit 300. Pulse VD3
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al so inside pincushion correction. Inside pincushion correction is obtained
by t he operation of .a resonance--circuit 60-that includes an inductor L1, a
capacitor C [err]. and-that is-ceupled to.a resistor--R22.- An -i nsi de 20
pi.neushi on--correcti-on nodul-ation-current- i{&ir], -.nodut ated--by--vol tage -
Vlerr], flows through trace-capacitor (err] and through transistor Q.
Current i5 nodul ates the trace voltage across capacitor (Jerr]. The anount
of inside correa¢ronsrﬂmodnaDadpssapplbedaﬂ}&sr¢$ﬁﬁtqn§\Rﬂ @8doR7j f@udtor L1.

This 25 adj ustopat; ¢dyo 't% BOEesisthakg ﬁstd gerfdped ngoitheof , for
exanple, 2.2nH may be use qui red val ca Clt f- FI GQURE 7
is greater than®¥ entig rBF‘pFP@fJ ]%‘tﬂ?&g L1 of

FIGURE 7 is coupuksed mq)‘arajd a5 wihialt mndudgs%npodemlakmmﬁsmg 30
during retrgce. « Joe, SROSA d?;‘%y GPpdied’ £8NtheUsls@Sof transistor Q4. A
vertical rate parabolic voltage Vp of FIGURE 2 that
includes a superimposed sawtooth voltage is coupled from a
DC blocking capacitor Co of a conventional vertical
deflection circuit 350 to the base of transistor Q3 via a
10 capacitor C8, a resistor R20 and a resistor R19. Resistors
R14, R15 and R16 provide dc bias to the base of transistor
Q3. Voltage V, that is coupled via a resistor R13 to the
base of transistor Q3 and to an integrating capacitor C6
provides a negative feedback, causing the vertical rate
15 envelope of voltage V2 to track parabolic voltage Vb that
is developed in capacitor Ce '
A vertical sawtooth voltage Vs developed across
a sampling resistor R is coupled, via a resistor R10 and a
resistor R9, to a capac1tor C5 for developlng a voltage V7
20 having an exponential upramping portion at a peak amplitude
that is determined by voltage Vpq. Voltage V., is coupled
to the base of transistor Q4 of E-W control circuit 300.
In this way, Voltage RS is also coupled via capacitor C.
to the base of tran51stor Q3. Because voltage VRS is
25 applied in a dlffe;entlal manner, voltage V. RS is prevented
from substantially affecting the switching operation of
transistors Q3 and Q4. A vertical parabola voltage V.
developed at the base of transistor Q3 is compared to
horizontal ramp voltage Vg. The crossover points of
30 voltages V5 and V6 determine the timing of the leading and
trailing edges of voltage Vg, as indicated before.
Exponentially shaped ramp portion Vsa of wvoltage
V linearizes the east-west raster correction or modulator
c1rcu1t 200 by compensating for the decreasing level of
35 current 1 of FIGURE 1b, during retrace. Linearization
occurs because a small amount of modulation of voltage V3
near time t2 of FIGURE la results in a higher amplitude
modulation of voltage V2 of FIGURE le than the same amount
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current i[err] is nodulated to provide inside pincushion correction is
described in nore detail in U S. . Patent No. 4, 719 392, entitled RASTER
CORRECTI'ON CIRCUI T, i*n -t he nane of P.E.. Haferl. C .. FI GURES
8a-8c il lustrate waveforns obtained durlnb Dperatlon of .circuit 250" of
FIGURE 7. Simlar nunerals and synbols in FlL.GURES 8a- 80 and 7 illustrate

simlar itens Ofbn o NYA LLlat ycu t bis
anti-"S"- shapeggdﬁﬁﬁﬁ%&t race(J asqata V ﬁéggcﬁ+l§% ESrF"ri{]E R‘F GURE 7.

W t hout i nsi de Fﬁch%h?%rp“c‘iﬂ“\f@cttth@nam%ﬁéﬁ? ‘Pfe‘?#‘}h \&ﬁjlc&rﬁsvésbhﬁlml y
i ncreased in alhl oEaFIGHRERr1b amd ddal rgspbovively FIl{dMigher at time £,

Advant ageousl Y¢han at time t; and because voltage V, is proportional to
5 the value of fi4. dt. The exponentially shaped ramp
.voltage Ve is steeper near time t, than at time t, of
- FIGURE 1g. Consequently, for a given voltage variation at
the base of transistor Q3, the the modulation of voltage V
is smaller around time t, than around time ty. Thus the
10 exponentially shaped ramp portion Vea of voltage 3
linearizes the operation of E-W raster correction circuit
200. Resistor R15 raises the dc average of voltage Ve.
Compensation of picture width variations as a function of
beam current, that may be referred to as anti-breathing,
15 may be applied via the base of transistor Q3.
FIGURES 3a-3b and 4 illustrate waveforms obtained
in operating horizontal deflection circuit 250 of FIGURE 2.
Similar symbols and numerals in FIGURES la-1h, 2, 3a-3b and
4 indicate similar items or functions. Advantageously,
20 voltage V1 of FIGURE 3a and current i1 are substantially
unmodulated. Between time t, and t; of FIGURE 3b
transistor Q2 of FIGURE 2 is switched to cutoff. Diode D
starts conducting between time t5 and tg of FIGURE 3b.
Advantageously, voltage v, of FIGURE 3b is centered around
25 the center of voltage V1 of FIGURE 3a. When voltage v, of
FIGURE 3b is generated, current i, of FIGURE 3b is zero.
Note that deflection current 12 of FIGURE 4 is modulated to
prov1de outside pincushion distortion correctlon
Transistor Q5 of FIGURE 2, having a base that is
30 coupled to the junction of a load resistor R12 and a
collector of transistor Q3, applies a base drive to
transistor Q2 from a load resistor R17 that is coupled to
the collector of transistor Q5. The collector of
transistor Q5 is coupled via a parallel arrangement of a
35 capacitor C7 and a resistor Ri8 for generating a fast
transition of a falling edge portion of voltage vy to
obtain a fast turn-off of transistor Q2. The fast turn-off
allows interrupting current i3 immediately after time t, of

3

02
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5 _transistor Q2 of FIGURE 7 al so provides a current path for current
|[err] during trace. Note that- both currents i[err] .of FI GURE 8a.and
current -3 of FIGURE 8b are-nodulated to provide inside pincushion
di'stortion:-correcti-on. - -WHAT- 'S CLAI MEDy74. . A tel evisi.on deflection. .
apparatus, conprising: a source of a first input.signal at a frequency 5
that is related to a first_deflection freq uenc¥jr a retrace resonant

circuit, incluBiFERE erand@idevn Heing A8 Hull reedylatiqne r@agsci t ance;
first smntchlngeﬁweem txmaxn¥uana tq safdlhistsétively, the turn-off delay

of transistor Q2 of FIGURE 2 is less than 1 microsecond.
The use of a MOSFET in place of Q2 may further reduce the
5 turn-off delay. The fast turn-off feature may be desirable
in a situation that requires a deflection current at, for
example, a higher frequency such as 2xf..
FIGURE 7 illustrates a horizontal deflection
circuit 250' that is similar to circuit 250 of FIGURE 2 and
10 that is used for providing horizontal scanning in, for
example, a Philips 45AX Picture tube, not shown. Similar
numbers and symbols in FIGURES 7 and 2 indicate similar
items or functions. However, circuit 250' of FIGURE 7
provides, in addition to outside pincushion correction that
15 is provided as explained before with respect to FIGURE 2,
also inside pincushion correction. Inside pincushion
correction is obtained by the operation of a resonance
circuit 60 that includes an inductor L1, a capacitor C'g
and that is coupled to a resistor R22. An inside
20 pincushion correction modulation current i5, modulated by
voltage V2' flows through trace capacitor Cq and through
transistor Q2. Current is modulates the trace voltage
across capacitor Cg- The amount of inside corrgction may
be adjusted by adjusting the value of inductor L1. This
- 25 adjustment, however, is not critical, and a fixed coil of,
for example, 2.2mH may be used. The required value of
capacitor €2 of FIGURE 7 is greater than that in the
circuit of FIGURE 2 because inductor Ll of FIGURE 7 is
coupled in parallel with winding W, of transformer Tl
30 during retrace. The manner by which a current such as
current 15 is modulated to provide 1ns1de pincushion
correction is described in more detail in U.S. Patent No.
4,719,392, entitled RASTER CORRECTION CIRCUIT, in the name
of P.E. Haferl. |
35 ' " FIGURES 8a-8c illustrate waveforms obtained
during operation of circuit 250' of FIGURE 7. Similar
numerals and symbols in FIGURES 8a-8c and 7 illustrate
similar items or functions. Note that current i3 of FIGURE
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i nput signal and coupled to said retrace resonant circuit 10 for
generating a deflection current in said deflection winding and a first
retrace pulse voltage in said first retrace capacitance during.a.retrace
interval of -a girven defilection cycle; -a secgﬁd retrace capaci.tance, COUpled _
tosaid 15 - retrace resonant circuit for Generating. in.said second retrace
capacitance a second retrace pulse voltage during said retrace interval; a

source of an inpg fé'p&wllﬁ%'*-%@x% ed Laail@ngl f;fa'eé 2«{ a result of carsepp! v
i nduct ance coupled tgoﬁ source ?5 i npuyt égp %ﬂc tage and to,sald first
swi t chi ng means f)\q' Toai ¥ Ut IR§1ERcH "F%‘Pr €°§EF§§19BPtages
t heret hrough to sarzielhbav3 ovauwid maanedbfasmcaébYemsreaqu in a linear
manner, as ideally shown in FIGURE lc. Advantageously,
5 transistor Q2 of FIGURE 7 also provides a current path for
current i5' during trace. Note that both currents i5 of
FIGURE 8a and current 13 of FIGURE 8b are modulated to
provide inside pincushion distortion correction.
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- energy | osses _ﬁ“EETd*Te%+ace_Le_gnant circuit during said 25 REP AR08

‘ .
interval ; and aJ ulatlon second i nput signal; cpa terlzed QEET_
by second switc "ﬂi spon5|ve to said.first (101 nd second !

(V) input. S|gnals énchom - sai.d gsecond - retrace. .cgpdci ¥ 5hdUL(£2l
~for varying; in accordance mnth sald second input signal (V] atine

and initiation atiazaid CLASMED et race pul se voltage (V[err]) 'e a
second retrace. pul se vol thge tVrhe il geraeEtigh SRt ce " °* ¢
arrangement is CREErpB3LY: betmeen sald supply inductance (Werr]) and sai d
retrace resonant circuit §l98ircsadf d MIGGANGApAL’ 8AGRAENAt a frequency
5 that is related to a first deflection frequency;
a retrace resonant circuit, including a
deflection winding and a first retrace capacitance;
first switching means responsive to said first
input signal and coupled to said retrace resonant circuit

10 for generating a deflection current in said deflection
winding and a first retrace pulse voltage in said first
retrace capacitance during a retrace interval of a given
deflection cycle;

a second retrace capacitance coupled to said

15 retrace resonant circuit for generating in said second
retrace capacitance a second retrace pulse voltage during
said retrace interval;

a source of an input supply voltage;
. a load circuit;

20 a supply inductance coupled to said source of
input supply voltage and to said first switching means for
coupling said first and second retrace pulse voltages
therethrough to said load circuit and for replenishing
energy losses in said rgtraée resonant circuit during said

25 retrace interval; and

a source of a modulation second input signal;
characterized by

second switching means (Q2) responsive to said
first (10la) and second (V3) input signals and coupled to

30 said second retrace capacitance (Cz) for varying, in
accordance with said second input signal (V3), a time
difference between initiation of said second retrace pulse
voltage (VZ) and initiation of said first retrace pulse
voltage (Vl) to produce a modulation of said deflection

35 current (iz) such that when said second retrace pulse
voltage (V2) is generated, an impedance arrangement is
interposed between said supply inductance (Wl) and said
retrace resonant circuit (100), said impedance arrangement



-20- including said second retrace capacitance (err]) and
hi‘gh i npedance at frequencies that are substantial ly | ower

resonance freque“mmummj"m“lﬁce resonant circuit (100)
sajd 5 supply romsaid retrace resonant
said | ower’ frequenC|es 2" Af apparatus at®ording to O aim

I n-that said second switching neans (Q2) produces a variati
w dth of said second 10 retrace pul se voltage (V2) in acc

sai d second i nbwgludiggaisaid3pesoBfl Fabrace phaRac ihiaics dfed BBEween

exhibiting a high impedance at frequencies that are
substantially lower than a retrace resonance frequency of
said retrace resonant circuit (100) for isolating said

5 supply inductance (wl) from said retrace resonant circuit
(100) at said lower frequencies.

of isolatin

i t cud D JUL0BY96at
¢haracterized
n"of a pulse

2. An apparatus according to Claim 1
characterized in that said second switching means (Q2)
produces a variation of a pulse width of said second

10 retrace pulse voltage (Vz) in accordance with said second
input signal (V3) such that a phase difference between
corresponding predetermined portions of said first (vy) and
second (V ) retrace pulse voltages remalns substantlally
constant when said pulse width of said second retrace pulse

15 voltage (V2) varies for maintaining a third retrace pulse
voltage (Hr), generated in said supply inductance (W1), in
correct synchronization with said deflection current (i2)
when said pulse width of said second retrace pulse voltage
(Vz) varies. _ _

20 3. An apparatus according to Claim 1
characterized in that said second switching means (Q2)
operates in ‘a conductive state during a first portion of
said first retrace pulse voltage (Vl) for applying a low
impedance across said second retrace capacitance (cz) that

25 delays the generation of said second retrace pulse voltage
(Vz) and wherein said second switching means (Q2) operates
in a nonconductive state for removing said low impedance to
enable the generation of said second retrace pulse voltage
(Vz) during a second portion of said first retrace pulse

30 voltage (Vl).

4. An apparatus according to Claim 3
characterized in that said second switching means (Q2) is
conductive until said first portion of said first retrace
pulse voltage (Vl) having a length that varies in

35 accordance with said second input signal (V ) has elapsed
to form a low impedance between a pair of termlnals of said
second retrace capacitance (C2) duringlsaid first portion
for preventing the generation of said second retrace pulse



correspondi ng p#edefé?ﬁfﬁgfﬁfﬂf’fphs of said first (V[err]) and second
(Vlerr]) retrace- \m“ %\\‘ mai ns substantially constant when said
pul se wi dth of .sa o

naintafning a-third rétrace pul se vaoltageiEHr), generated in said:supply
i nductance (Werr]), in correct synchronization with said deflection -

(Vo) Var es. wbleage (). g actarugnge with' sald trannd dren grgmar |20
characteri zed(vVy) t bt lswigl asecend secoobi Agihebing (GAnoIQ2tds in a
conductive stabRage¥ivid fhd iWhtlreld h98 8EcsAldsHi tShidPineraR Qigkyeikol t age
(Vlerr]) for applyi a | ow inpedance _agrqss said _second retrace
capaci t ance (E§§E¥#é§%E&¥e §nﬂh§aééngﬁﬁﬁ oﬁoﬁélg%j %é%ﬁ%ﬁlpgtﬁgge
pul se vol Bagegénmeyatinh witrssind seiconsecetdasei puhéagvoktage ((W)) -oper at es
S. An apparatus according to Claim 1 .
characterized in that said supply inductance (wl) comprisgs
a winding of a flyback transformer (Tl) that is coupled
through said second retrace capacitance (Cz) to said

10 retrace resonant circuit (100) when said second switching
means (Q2) is nonconductive and that is coupled through
said second switching means (Q2) when said second switching
means (Q2) is conductive to form a combined retrace
resonant circuit having a resonance frequency that is

15 substantially unchanged when said second switching means
(QZ)'is_conductive and when it is nonconductive.
| "6. An apparatus according to Claim 1
characterized in that said second switching means (Q2) is
coupled in series with said first switching means (Q1)

20 during a portion of said given deflection cycle and in
parallel with said second retrace capacitance (cz) and
wherein said second retrace capacitance (cz) is coupled to
a first junction terminal (50) between said first (Ql) and
second (Q2) switching means and in series with said first

25 retrace capacitance (Cl)'

_ 7. An apparatus according to Claim 1
characterized by a trace capacitance (Cg) that is coupled
to said deflection winding (LH) to form a first trace
resonant circuit during a trace interval of said deflection

30 cycle and a second trace resonant circuit (60) that is '
coupled to said trace capacitance (cs)'to provide an inside
pincushion distortion correction wherein said second
retrace pulse voltage (VZ)' developed in said second
retrace capacitance (Cz) when said second switching means

35 (92) is nonconductive, generates an inside pincushion
distortion correction modulation current in said second
trace resonant circuit (60) that is modulated in accordance
with said second retrace pulse voltage (V2)°
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g ace pulse 15 voltage (Verr]) varies for .. ...



in_a nonconggfég¥§_§L§LQ_LgL_Leaning said | ow i npedance to enable the
generation 'd second retrace pul se voltage (V2) during a second
portion of Salcﬂ“\“\mmmn ﬂul se 30 voltage (V[err]). .4.. .An apparat us
aceording to atzed in that2said second switching .nmeans (Q)
i s conductive untif said first portion of said first retrace pul se voltage
(V[err]) having a length that varies in 35 accordance with said second

i nput signal (V3) has el&psdd PPPREAYIE REFPFHRI R LIddmden a pair of
term nal s of sehdrseterikedbyneranspecupdedetd G&id |Detthadengesdhdntirst -

portion for preyeghif9 {4l e 'Ahe?dt2hgs 2kl F55 N hdAl/3T51P L Eace
interval, a substantially square wave pulse (VS) having an
5 exponentially shaped top portion, said square wave pulse
being coupled to a first input terminal (base of Q4) of a
differential amplifier (Q3,04) of an East-West raster
correction control circuit (300), a second input terminal
(base of Q3) of said amplifier being responsive to a signal
10 (V6) at a vertical rate, for producing, at an output
terminal (collector of Q3) of said differential amplifier,
a modulation signal that is coupled to a control terminal
(base) of said second switching means (Q2) having a phase
that varies in accordance with said vertical rate signal
15 (V6), wherein said top portion of said square wave pulse
voltage (Vs) varies in a manner that improves the linearity
of said East-West raster correction control circuit (300)
with respect to variations of said vertical rate signal
(Vg)-
20 9. A deflection apparatus with raster distortion
| correction, comprising:

a source of a first input signal at a frequency
that is related to a horizontal deflection frequency;

a retrace resonant circuit including a deflection -

25 winding and a first retrace capacitance; '

a first transistor switch responsive to said
first input signa®and coupled to said retrace resonant
circuit for generating a horizontal deflection current in
said deflection winding and a first retrace pulse voltage

30 in said first retrace capacitance;

a second retrace capaciténce'coupled in series
with said retrace resonant circuit for generating in said
second retrace capacitance a second retrace pulse voltage;

a source of a second input signal at a frequency

35 that is related to a vertical deflection frequency;
| means responsive to said first and second input
signals for generating a control signal at a horizontal
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vol t age (V[e##}%—-mw7aﬁﬁﬁ?ﬁﬁﬁ%?vmth said second input signal (Vferr]), as
| ohg as sali ds m “mnﬂl ans (@) is conductive and wherein said
second smntchlﬁﬂﬁ ““Kl nonconductive f-ol l owi ng said-first- portion
for enabling t gerer &t i 6n of . said s@3end retrace- pul se vol t age
(Merr]). 5. An apparatus accordlng to Cla|n11 characterlzed in that said

supply |nducta ce err conpr fI ner
(T[err]) that @%F&dﬂ‘%ﬂ’r%g‘h stg’lc relte rs acre1 gécb,gg#%%%eggﬁ(

to said 10 rstaadceerssgamdeﬁlmuqn (muaman shagastevheed R¥ chi ng
nmeans (Q@) is nonCO”dUCthVEeéaﬁdt$W&tdﬁ; |d%%pﬂh60@6hs§§udf£ﬁ§@nd

forma conbi nedPoeLe e%éih%hfféffaﬁ At QuF ARG 81 RREEL 9P Fhichoy that
is 15  sulfst antiiveln gyoiehafigeaidhdef bedtl earecrenti {dhi)nghatapecurs o
during a trace interval said first transistor switch (Q1)
and said second switch (Q2) are coupled in series, said
second switch (Q2) being responsive to said control s1gnal
. (V3) and coupled to said second retrace capacitance (CZ)

10 for producing a variation of a time when said second
retrace pulse voltage (Vz) is initiated relative to a time
when said first retrace pulse voltage (Vl)'is initiated
while maintaining substantially constant a phase difference
between the two retrace pulse voltages.

15 10. An apparatus according to Claim 9
characterized in that a center point between said time when
said second retrace pulse voltage (Vz) is initiated and a
time when said second retrace pulse voltage (Vz) is
terminated remains substantially in phase with said first

20 retrace pulse voltage (Vl).
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() is conductive and when it is nonconductive. 6. An apparatus according
to Jdaim1l characterized in that said second swtching neans (@) is
coupled in series with said first switching neans (QL) 20 during a
portion of said given deflection cycle agg in parallel with said second
retrace capacitance (C2) and wherein said second retrace capacitance
(Cerr]) is coupled to a first junction termnal (50) between-said first
(QLl) .and second (@) switching neans and in series with said first 25
retrace capacitance (C[err]). 7. An apparatus according to Caiml

characterized BRSTERr BISTORP2ON! BORRECEES' bk LEER Ok Scfﬁ&{?i'f-‘d to said
deflection winding (L[err]) to forma first trace resonant circuit during a

trace interval of said deflection 30. cycle and a second trace resonant
circuit (60) that is ABSTRACT :

A deflection switch (Ql) of a horizontal
deflection circuit (250) is coupled to a retrace resonant
circuit (100) that includes a horizontal deflection winding

5 (LH) and a first retrace capacitance (Cl). A flyback
transformer primary winding (W;) is coupled at a junction
terminal (collector of Q1) of the deflection switch (Q1)
and the retrace resonant circuit (100). A second winding
(W@) of the transformer (Tl) is coupled to an ultor voltage

10 power supply (556). To provide side pincushion correction,
a second switch (Q2), having a conduction time that is
phase modulated during horizontal retrace at a vertical
rate in parabolic manner, is coupled between ground and a
terminal (50) of the retrace resonant circuit.(lOO) remote

15 from the flyback transformer primary winding (wl). The
second switch (Q2) is conductive during the entire trace
interval and is turned-off at a controllable instant during
the first half of the retrace interval. When the second
switch (Q2) is nonconductive, a second retrace capacitance

20 (Cz) is interposed between the flyback transformer primary
winding (wl) and the retrace resonant circuit (100) to
prevent load variation in the second winding (w4) of the
flyback transformer (Tl) from causing raster distortion.

Reference Indicia Are From Fig. 2

REPLACEMENT SHEET
25 JUL 1996




coupled to said trace capacitance (Clerr]) to provide an inside pincushion
distortion correction wherein said second retrace pul se voltage (V[err]),
devel oped in said second retrace capacitance (CJerr]) when said second
swi t chi ng neans 35 (@) is nonconductive, generates an inside pincushion
distortion correction nodulation current in said second trace resonant _
circuit (60) that is nodulated in accordance with said second retrace pul se
voltage (Vferr]). -22 - 8. An apparatus according to Claigml
characterized by nmeans coupled to said rektfface resonant circ RE,"
generating, during a horizontal retrace
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Interval, a substantially square wave pul se (V5) having an 5
exponentially shaped top portion, said square wave pul se being coupled to a
first input termnal (base of Q4) of a differential anplifier (@B, Q) of an
East-West raster correction control circuit (300), a second input term nal
(base of @) of said anplifier being responsive to a signal 10 (V6) at a
vertical rate, for producing, at an output termnal (collector of @) of

said differential anplifier, a nDdUIati%% ignal that is coupled to a
it

control term nal (base) of said second s ching nmeans (CE‘RE xﬂEWﬁ¢Eh§HEET

that varies in accordance with said vertical rate signal 1% - f-FF-Fn
wherein said top portion of said square wave pul se voltage (VS) d 2
manner that inproves the linearity of said East-Wst raste 250“1039 6

control circuit (300) with respect to variations of said ver 1ca| rate

si gnal
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(V[err]). (Merr]). 20 9. A deflection apparatus with raster
disstortion correction, conprising: a source of a first input signal at a
frequency that is related to a horizontal deflection frequency; a retrace
resonant circuit including a deflection 25 wnding and a first retrace
capacitance; a first transistor switch responsive to said first input
signal and coupled to said retrace resonant circuit for generating a

hori zontal deflection current in said d D%ectlon wi ndi ng and_a_fifSlum:.

retrace pul se voltage 30 in said firs etrace capacita 'ﬁg%@ﬁ€§ﬁ¢§ﬁﬁﬂ
retrace capacitance coupled in series with said retrace r —ChecuttT

for generating in said

25 JUL 1996
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second retrace capacitance a second retrace pul se voltage; a source of a
second i nput signal at a frequency 35 that is related to a vertical

defl ection frequency; means responsive to said first and second i nput
signals for generating a control signal at a horizontal frequency having
a phase that varies in accordance with said vertical deflection frequency;
characterized by a second switch (@) coupled to said first transistor
switch (Ql) such that during a portion of a 5 gi ven cycle of said
deflection current (i[err]) that occur#/during a trace interval said first
transistor swwtch (Ql) and said second swtch (@) are coupled in series,
said . '
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UNCORRECTED RECEIVER (E-W CIRCUIT INOPERATIVE)




second switch (@) being responsive to said control signal (V[ferr]) and
coupled to said second retrace capacitance (Clerr]) 10 for producing a
vati ation of a tine when said second retrace pul se voltage (V2) is
initiated relative to a time when said first retrace-pulse voltage (Vferr]) .
is initiated while maintaining substantially constant a phase difference

between the two retrace pul se voltages. 15 ﬁ&:ﬂm r
according to Claim9 characterized in that a center poijt:

nme
when said second retrace pul se vol tage 5(4/72) is initiated pnd a ti me when
sai d second retrace pul se voltage (V2) is terninated rejm] n@3JbL: 89%i o ||y
I n phase with said first 20 retrace pul se voltage (V[gerf{]).
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