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-1- RASTER DI STORTI ON COQRECTIO\I CIRCU T '
_The invention relates to a deflection ciredi-t of a vikiEA 86 949

di spl ay apparatus. A horizontal deflection
cikcuit is, typically, required to 5 be accurately phased or

syqchroni zed to a vi deoRaSd @DCS’H)RHKON]CORREQ!IONCIRQQ[D cture
| nformation for obtai nifg g, r{ti&?trgoaﬁgé dtro % gghﬁéggnk@imuit of a video

common practice, a retrace se pr
transf or ner dusnllaef d@ppwﬁus}n circuit is enployed for providing a

f eedback puI se in a ph%%&ﬂ%ﬁﬁi'@éﬁé&?&l télrf\ﬁli”fs"et@i’é‘zﬁlzydr%%’uired tol0

TheC Tl ybsti bRaRCHUNIEY. mhaed co rOMChIQRRAR. thch iR SEne] coontaining
picture information for obtaining a correct raster display. In
common practice, a retrace pulse produced in a flyback
transformer of the deflection circuit is employed for providing a
feedback pulse in a phase-controlled-loop to achieve -such

10 - synchronization. However, when an ultor supply is energized by
the flyback transformer, beam current variations may modulate a
shape and a width of the transformer produced retrace pulse.

~ Disadvantageously, the phase of a horizontal deflection current in
a horizontal deflection winding may be offset or phase-shifted

15 relative to that of the flyback transformer produced flyback pulse.
The result may be-an inaccurate synchronization causing a visible,
beam current dependent, horizontal picture shift or 'a raster o
bending in a hgrizontal direction. Undesired raster distortion may
be further caused when switched East-West (E-W) pincushion

20 raster distortion correction circuit that employs the flyback pulse
for switching purposes is utilized.

It may be desirable, instead of using the transformer
produced retrace pulse, to use a retrace pulse developed in the
horizontal deflection winding for the phasing of the deflection

25  circuit to the video signal and for controlling the E-W pincushion
raster distortion correction circuit. To that end, it may be
desirable to have an end terminal of the horizontal deflection
winding at a-common conductor or ground potential, dunng
retrace.

30 In a horizontal deflection circuit described in U.S.
Patent No. 5,115,171 (The Haferl Patent), one end-terminal of the
horizontal deflection winding is coupled to ground potential. A
loose. coupling is provided between the flyback transformer and a

. retrace resonant circuit that includes the deflection winding. The

35 grounded terminal of the deflection winding permits a more
accurate phasing of the horizontal deflection winding retrace pulse
to the video signal. The loose coupling reduces beam current

dependent phase modulation of th i ion current
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shape and a width of t he transforrrer produced retrace pul se.
Di sadvant ageously, the phase of a hori zomtat defl ect &ﬁﬁc&ﬁfgér?t in a
hori zontal deflection wi nding may be of fset or phase-shifted

retative to that of the flyback transformer produced flyback pul se.
The result nayd balsan remmmrmerwmhoﬁmcz-aaﬁ@d cmgsisatgeahvi Bips gaster

beam current &etpcqent Inhﬁ{é zlqgfeq.i pﬁgg éhﬂ ba@lE ﬁpgﬁgﬁﬁﬁ{er includes

bendi ng in a orrzontal direction. esrre tl |stort|(i rHaey
be further cauthitd witndingi fomagnerasingnasflyha St 1BAt gontrols the E- 5p

raster dist oerdgt@[ordlgfarh@ﬂ ‘éb[’fdd:ltiont hﬁ{»c[ﬁm)l oys the flyback pul se
for svmtghr ng purposes.is utr L[t _may be

| z
desirabl €, instead of HsiM@Y ‘f“rsé%lsr%r“‘ﬂlze a flyback transfopiRer,
retrace pul swithomtusech tlﬁl’d awendmigsesodehat apestandatcheflyback transformer

hori t al di h f

Zgrr Zgrnr 2ur tg{%qﬁl qu}%!iéjg Iﬂ %’ Tb%r ag%lg ol fé qfsedﬁf 1'ﬁﬁiféﬁ)?)lrorlrtél&eh| on
raster di st optaducedorinethe (dﬂ: cmm twintling thtQadd Ofr a fypask

desi rabl e totﬂiﬁﬁoﬁﬁbr’eﬂgﬂx §€' férontfolli ?"g Y E‘&@ WeﬁefrlaE&tr' Qistortion

wi ndi ng_at conmon co or or groun en |a dur,
retracel0 circuit in order to make the c1rcu1t ess susceptlble %o beam

current load variations. Furthermore, it may also be desirable to
~ provide breathing compensation that varies the deflection current

amplitude according the flyback transformer beam current - |
loading for maintaining constant picture width.

15 A television deflection apparatus, embodymg an

' aspect, _c_>_f the invention, includes a source of a first switching
signal at a frequency that is related to a first deflection frequency.
A retrace resonant circuit, includes a deflection winding and a
first retrace cépacitance._ ‘A source of an input supply voltage is

20 coupled to a supply inductance. A flyback pulse voltage is
developed in the supply inductance. First switching arrangement
is responsive to the first switching signal and coupled to the
retrace resonant circuit for generating a deflection current in the
deflection winding and a first retrace pulse voltage in the retrace

25 resonant circuit, during a retrace interval of a given deflection
cycle. A second switching arrangement is responsive to a
" modulation signal and to the first retrace pulse voltage and
coupled to the supply inductance and to the retrace resonant
circuit for coupling the supply inductance to the retrace resonant

30 circuit to replenish energy losses in the retrace resonant circuit.
The second switching arrangement decouples the supply
inductance from the retrace resonant circuit, during a controllable
first portion of said the retrace pulse voltage that is determined in
accordance with the modulation signal and the first retrace pulse

35 voltage. The first retrace pulse voltage is coupled to a control
terminal of the second switching arrangement via a signal path
that bypasses the supply inductance. -
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30rhis Sheet Has Been Rephé@da hori zontal deflectign circuit described in U S.
Pat 171 (The Haferl Patent)s-one ‘end t* fhi 851949 the
hormuﬂm B ion winding is coupled to ground potential. -A

| oo 'S provided between the flyback transformer.and a -
retrace resonant cirEIGURRal ilhistiates a nieflpatan wirnihiembodyingTan
3 5 grOUQﬁ?@cE eéf“ m' 1H$eﬁﬁ6ndﬁ{dte§§élﬁﬂe§4 tHALHPEE MedigedriBR' ©

accurate phasing of the horizontal deflecti n w nding retrace pul se
to the vi &é@aegamnt The | oose coupling reduces beam current pendent
phase nodul ation of FIGURESz2aXd itlabtracs i wavetyrhtnluseful in '

"2 5  explaining the operation of the circuit of FIGURE 1. and FIGURE 3_

illustrates a vertical deflection circuit for generating a vertical
rate pa.ra.bol:.c current that provides East-West raster distortion
correction in the 'citrcuit of FIGURE 1.

A horizontal deflection circuit 250 of FIGURE 1
provides horizontal deflection in, for example, a color cathode ray
tube (CRT) type VIDEOCOLOR AS9ECY13X31. Circuit 250 includes
a switching transistor Q2 operating at a horizontal frequency fy

10 that is about 15,625 KHz in the PAL standard and an anti-parallel
damper diode DQ2. A retrace capacitor C2 is coupled in parallel
with transistor Q2 and diode DQ2. A deflection winding Ly is
coupled in series with an S-shaping or trace capacitance Cg ‘and
with a linearity inductance Ljjn, forming a circuit branch that is

15 coupled in’ parailel with each of transistor Q2, diode DQ2 and
retrace capacitor C2, to form a retrace resomant circuit 100, during
horizontal retrace. g _ '

o A phase control stage 101 that includes a horizontal .-
oscillator and a phase detector, not shown in detail in FIGURE 1, is

20 responeive to-a horizontal synchronizing signal H,. Signal H is '
derived from, for example, a video detector of a television _
receiver, not shown in the FIGURES and is referenced to a common
conductor or ground potential. A retrace voltage V4 in capacitor
C2 is coupled via a capacitor C7 and capacitors C4 and C3 forming

25 a capacitive voltage divider ‘to obtain a sample, low amplitude
retrace voltage V4a-that is referenced to ‘the common conductor or
ground. Voltage V4a is applied to a second input 10la of stage
101 to synchronize retrace pulse voltage V4 to synchronizing -
signal H,. Stage 101 applies, via a conventional driver stage, not

30 shown, a switching voltage V1 to the base-emitter. junction of
transistor Q2 for producing a base drive current at the horizontal
frequency fy. Voltage V1 is also referenced to the common
conductor or ground potential.

A raster distortion correction c1rcu1t 200, includes an

'35 E-W conwol circuit 300 that controls switching timing of an MOS,
switching transistor Q1 of a_flyback circuit 251, during retrace. A
primary winding W1 of a flyback transformer Tl of circuit 251 is
coupled between a source of a B+ voltage and a drain electrode of




and al so reduces generation.of so-called "nmouset eet 3, %Be ster
~distortion. In the Haferl Patent, the flyback trans o Y- udes a
third winding for generating a flyback pul se that controls the E- w
raster distortion correction circuit. 5 ) LIt rraa be desirable
to utilize SWitchmgranssster Rker A flyback capacitei(hl tpi ¢anplPAding so that a
s{andard fl| yhatiod eRRiMINW1a, betwead kanSistodd gﬂ;aﬁd WadineS Whe to
desirabl e tg ‘use a.ret.r gce Ve tagg_} X roduced . i.n t dfﬁf [ect,| %} wi ndi ng
i nstead of PHPyWitly winding (Wl & flythack, resonang Cizgiit 27| oh gitandt e - vest
raster dist@hei sourte electrodei bfi transidtor Qd rimkeodpliedcviacai setiess
susceptighl e C -varjatj t her It may
al so be Sdesﬁrggggﬁ{@gt .Of a &{#%%eshgrﬁgé gi *ﬁgidégﬁps%%sgﬂﬁoa Fﬁg'[eg\t(ari es the
def l.ecti on sampling resistoraRpl ta ube ecldector nof transistohdQR of aifuit A5H0.beam
current | 0adi-ngRiegbn R Fikiuits"9X ANA 400 BFS paraI dé&hplé?ﬁb%
A television deflecéiomarat us, elgbodylﬂr))g .an aspect” of -t q
i nvention, PABFISS Qls ¢ Pntrouable,pocHpRgof the refrage inferva
frequency thatsupply edmérgs to® deflédtion ddfdidetd30) f Regonasy circuits 99 retrace
resor.‘a‘ito cli5d" iOO't?é:\lleu fig ?anqgf lrc:es%tn'a!q{1 f?"e&gérp ,aﬁﬂ' RHz. Therefore,
when resonant circuits 99 and 100 are coupled in parallel the
resulting resonant frequency of circuit 100 does not change. A
capacitor C5 provides loose coupling between resonant circuits 99
and 100 when transistor Q1 is nonconductive. _
15 FIGURES 2a-2g illustrate waveforms useful for
explaining the operation of the circuit of FIGURE 1. Similar
symbols: and numerals in FIGURES 1 and 2a-2g indicate similar
items or functions. Transistors Q1 and Q2 of FIGURE 1 are
.conductive during a trace interval, t4-tl', as illustrated by
20 waveforms of FIGURES 2a and 2d showing drive voltages V1 and
- V3, respectively. An upramping trace portion of a current il of
FIGURE 2¢ flows through series coupled transistors Q1 and Q2 of
FIGURE 1 to ground. Deflection current i3 of FIGURE 2g flows
through transistor Q2 of FIGURE 1 to ground. Negative portions of
25 currents il and i3 flow through integrated diode DQ2 and an
integrated diode, not shown, of transistor Ql.
Deflection transistor Q2 is turned off at time tl1 of
FIGURE 2a to initiate a retrace interval tl-t4. Current i3 of
FIGURE 1 flows then through capacitor C2 to produce retrace
30 voltage V4, as shown in FIGURE 2f. Voltage V4 in capacitor C2 is
coupled to E-W control circuit 300 via capacitor C7 and resistor
R11 of FIGURE 1. E-W control circuit 300 of FIGURE 1 generates a
drive voltage V3 at the gate of transistor Q1 to turn off transistor
Q1 at a controllable instant that occurs during a portion of the '
35 retrace interval, interval t2-t3 of FIGURE 2d, as explained later on.
The amplitude of a flyback voltage V2 developed at the drain of
transistor Q1 and having a waveform of FIGURE 2b is regulated or
stabilized by supply voltage B+ of FIGURE 1 and is independent of
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first retrace capacitance. A source of ansinput sup (yngqgt@g@ Is 20
coupled to a supply inductance. A flyback pul se voltage is devel oped .
in the supply inductance. First switchi ng arrangenent IS responsive

to the first t =t trace resonant
circuit onalaiﬁ"&?%t Frpngk%l g&?l ecF o?ﬁlpcurreﬁt 8 Qﬁﬂgstor QP IR¥ i on wi ndi ng
and a fir steorasteraderquul émey bl 0dgEIGHREhSer @nnédearzsxsor rQéoqarE'ICcﬁJRﬁult
during a rigt kaffed NGAF, V@hrreht q7ghﬂe&aﬁﬁ3£&CtQP“r n&lle?xsna’céﬁc g# %S?édkdt o the

swi t chi ng arrangenrent is resgﬁnswe ation Si
first ret rificdepan3at rcae 1 : coupl ed to the supply inductance and °

the retrace rasonant a0 s R Tetr ace
resonant AT, current %eoém;f’ mz%ngr?-a%gﬁe PZ’%&‘S‘G;)I es the
supply ﬂowmgudimucg,a tramsidrbe Qetaﬁﬁcmﬁwanttocrds@nah: et win 9160,
_ contro! I agﬂ. rernaml F%grtl% of s 1 tg@ I SLace, u.se woltage that is
det erm ne I?eh &e SP3HRRe WF?% FrD VR i tgﬁ %?ISn‘éq‘P%ﬁJrﬁo TSh i rst
retrace puanske G55 _'mm tdagretiofihef fthe sflowetafacerrpnt 42 isomedmelatsd copithed to a
Sgtn}]rlod) opcrah'%rdné?‘ln'ﬁ{siggb? T % OE%ECWHEI&WQSHEIH&&%P si gnal
vertical rate of parabolic shaped envelope of retrace voltage V4
and of deflection current i3. The amplitude modulatdon is
required for correction of E-W raster distortiom, as shown in the
waveforms of FIGURES 2f and 2g at the right-hand side.
15  From top toward the center of the raster; the turn-off
instant of transistor Q1 of FIGURE 1 is increasingly delayed, from
time t2 to time t3 of FIGURE 2d by a vertical parabola current
iD6, the phase of which is qmerated in the vertical deflection circuit
of FIGIRE 3. This causes current i2 of FTGURE 1ko flowcm......ng an increasing
‘tima intsrval J.m:o deflection circuit 250. to proauc= mc:e..s.t.ng
20 amplitudes of retrace voltage V4 and of deflection current i3 of
FIGURES 2f and 2g, respectively. From the center to the bottom of
the raster, the turn-off instant of transistor Q1 is increasingly
advanced from time t3 to time t2 of FIGURE 2d. As a result,
current i2 of FIGURE 2e flows, during a decreasing time interval,
25 into deflection circuit 250 of FIGURE 1 causing decreasing
amplitudes of voltage V4 and current i3. In this way beam
posmomng or East-West pincushion distorrion error is corrected.
Control cu'cmt 300 that incindes a driver transistor Q3
is responsive to E-W modulating vertical parabola current iD6
30 coupled via a diode'D6. A DC feedback path mcludmo resistors R8
and R11, a resistor R12 and capacitor C8 compares the average or
DC value of retrace voltage V4 with the B+ voltage. An AC '
feedback path including a capacitive divider formed by capacitors
C3, C4, C7 and C8 reduces a high frequency loop gain to avoid
35 ringing at the top of the raster. E-W control circuit 300 further.
includes a pedestal generator tramsistor.Q5 and a comparator
transistor Q4 that conu'ols driver transistor’ Q3.
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that bypasses the supply |nductance

- 3- FIGURE 1 illustrates @- defl ecti RCAi 86,549 enbodyi ng an
aspect of the invention that includes pincushion correction
arrangenent; - FI GURES 2a-2g illustrate wavefornms useful in

5| I e?D' ?' ning the opepatrgfiiente tmeﬁtlaDLREFOfoﬂzlcﬁdilﬁ BOOats dstiblibhed
oo bl asE s ChOGeh (5 SRRl P o AL
correcti on irerhbe dromuihe m‘ol]ék:&lRfltransmtor Q2. During horizontal trace,
| reference potential REF is approximately at a ground potential '
5 developed in a ground conductor G, neglecting the sum of the
" small voltage drop in resistor R1 and the saturation voltage
transistor Q2. During horizontal trace, a capacitor C9, having a
terminal that is at the reference potential REF of circuit 300, is
charged from the B+ voltage via a series arrangement of a resistor
10 R6, a diode D2 and a diode D3. The voltage in capacitor C9 is
limited to 18 volts by the operation of a Zener diode D5 that is
coupled across capacitor C9. A charge current of capacitor C9 that |
flows in diode D3 maintains -transistor Q5 nonconductive because
the forward 'volt‘agé of diode D3 reverse biases the base-emitter
15 junction of transistor Q5. Therefore, no emitter current can flow
in transistor Q4 from transistor Q5. Thus, transistor Q4 is also
‘nonconductive. Transistor Q3 having a base that is driven by the
collector current of transistor Q4 is also nonconductive. The
collector voltage of transistor Q3 that is supplied via a resistor RS
20 is approximately equal to the voltage in capacitor C9, because
transistor Q3 is nonconductive. The collector voltage of transistor
Q3 that is coupled to the gate of transistor Ql' via a resistor R4
causes transistor Q1 to be conductive, throughout horizontal trace.
During trace, the B+ supply voltage produces a current
25 in a resistor R12 that is coupled to a capacitor C8. Capacitor C8 is
| coupled between the base of transistor Q4 and reference potential
REF in conductor 252. The current in resistor R12 also flows via
resistor R1 and conductive transistor Q2. As a result of the
current in resistor R12, an upramping base voltage of transistor
30 Q4 is produced in capacitor C8 relative to- reference potential REF.
" A positive trace voltage developed across capacitor C7, of the
capacitive divider formed by capacitors C3, C4 and C7, is coupled
via resistor R11 and capacitor C8 to enhance the up-ramping base
voltage of transistor Q4. During retrace, the currents reverse in
35 resistors R11 and R12, producing a down-ramping voltage across
~ capacitor C8 and at the base of transistor Q4. As a result, a
horizontal rate sawtooth voltage is developed at the base of
transistor Q4 as illustrated in FIGURE. 1.
-
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A hor i zont al deflection circuit 250 of FIGJRE 1 r&f‘pv ?hori zont al
defl ection in, for exanple, a color cathode ray t Ube ? ) type
VI DEOCOLOR A59ECY13X31. CGircuit 250 incl udes a switching transistor

operty 9 ot s Nor | onj g SGHRY KAL) itV TSRS NG 1
capaci t or C2Di2s ofbunplrechu produced by a voltage: ¥ Qansc%pamw@zCé?ncﬂ@w&d@ DQR.

: Adeflectlon S c r h h
trace capam?ance %elﬁeﬂh%l Jk coupled ﬁ#‘ﬁh@doé.& of dr&ﬁsﬂ!dr Q¥ andS ap| ng or

I neari I nduct ce Llerr
formng a cifavgrse thléﬁ%\‘h dipde P3, l‘g‘nﬁﬁuﬁtﬁlfel n JSﬁ#Imter kS SHERES
‘transistgr (Bp ghd@de pddestdld voltager VI ahst Qﬂpwfet&fce&totcbﬂdlrdma 25% race.

bhase. cont Lfs“'gl'%gé‘?epfé‘i%%#?%? # ZAURCIRN T, FRARTEY voltgge, YP,is, 1504 o
phase det ect developedslaovthei emittexi bf | comp@riter 1transistér Q#deapdnsive to a
horizont al S¥§§Bhgﬂé§ a*{]e%ﬂth Uhﬁgng% fo'?‘ %ﬂ’xpzﬁ‘h&i ¢ JrdnSistor gqe“ﬁ%d from

for exanpl e, tec recej ver, own in
t he FI GURES thed tieginming: ofceatracs, ath@ohm vo tag%@fdm*st@? ‘Qft cisndarger

potentigly At rvf?ﬂtaagéC"Vlﬂ.ge’NfbrbfblﬁaRi‘Eﬁéleor ‘Q4 is nonconductive and
transistor Q1 is conductive. '
At a controllable instant during horizontal retrace, a
cross-over occurs of the down-ramping base voltage of transistor.
Q4 with respect to threshold or pedestal voltage VP. The emitter-

15 base voltage of tramsistor Q4 may be neglected for explanation
purposes When the cross-over occurs, transistor Q4 is turned on,
causmg ‘transistor Q3 to turn on and transistor Q1 to turn off. The-
current that flows in resistor R5 and conductive transistor Q3
further increases the base current of tramsistor Q5 and,

20 advantageously, speeds ‘up the leading edge of voltage V3 at the
gate of transistor Q1. Thus, the leading edge of voltage V3 is
time-shifted in accordance with current iD6. Current iD6 is
applied to capacitor C8 via diode D6, during trace. At the end of
retrace, diodes D2 and D3 are again forward biased and transistors -

25 QS5, Q4 and Q3 are turned off regardless of the base voltage of
transistor Q4 so as to maintain transistor Q1 conductive, during
trace. Without current iD6, the voltage at the base of transistor Q4
is lower than the emitter voltage of transistor Q4.

' Assume, hypothetically, that retrace voltage V4

30 increases above a normal operation level and becomes equal to

' flyback voltage V2. Because the average value of flyback voltage
V2 is equal to the B+ voltage, in this case, the average value of
voltage V4 is also equal to the B+ voltage. Therefore, the average

| current through resistor K12 is zero, the DC voltage across

35 capacitor C8 is zero and the level of the ramp voltage at the base

" of transistor Q4 is approximately equal to the voltage reference in
conductor 252. As a result, transistor Q1 is turned off at time tl,
causing a decrease of voltage V4. Similarly’, a low amplitude of

is Sheet Has Been R laced
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C2 is coupled via a capacitor C7 and capagi.tors C4 apgACRf o591ng 25 a

capacitive vol tage divider to obtain a sanple, [|ow anplitude retrace
vol tage V4a that is referenced to the comon conductor or gr ound.
Vol't age VAavichadRPNALauled £ Hoive Hift Wlﬂlé)fba%aﬁéltage oflgrjarﬁtsfﬁ_f

roni zin err].

Stage 101 sy itwat eh 'sZt%cé%ip@yn?ﬁ@,Xéarkﬁ}gsmf tmegef Baesisor Ghend,
SWi é ching vehémdy Yo ineredse bhseampiiitﬁﬁ% rwrwmagre 4. Thds;fldcb;ga?f[\gr](?z for
\p/:')lot gggng/la.fgg‘;‘&% t}éggﬁghégcri&tot giqthgﬁg Dtﬁge ‘¥4 éﬁnB[Pc‘ilg or ground
potential . Parabollm}rlnssbapcd sdxivei ourrent r H36i ohaxgescui t 200, f
an OB, a“°525°“§mﬂ%??dﬁ“ané¢%f%‘?ﬁ e fatlp ﬁﬂiﬂé’c@r’f{s%?}@ﬁd&ﬁ#“ oo
retrace. Acorrectign; aad,pigtuxe wjdeh. ODIQdel?ﬁalﬁk out 20fff during Tetrade.cir cui t
251 is Dravd| atrémt WO6Nis sapplied fron? ProlRctaIRupRMtdofiadi N el ectrode
of ~ transistor Q6 and is unaffected by the forward voltage of diode D6
10 or by the saturation voltage of transistor Q2-or the voltage drop
across current sampling resistor R1. The drive current exceeds
the discharge current through resistor R8 to obtain maximum
picture width. The feedback path via resistor R12 stabilizes the E-
W raster correcuon circuit. The AC feedback via the capacitive
15 - divider formed by capacitors C3, C4 and C7 and resistor R11
prevents ringing.
. In accordance with an aspect of the invention, signal
transmons during retrace, are supplied to control circuit 300 from
retrace pulse voltage V4 produced in retrace resonant circuit 100
20 via a signal path that bypasses transformer T. The leading' edge of
voltage V4 is time-shifted or delayed to produce the leading edge
of the base voltage of transistor Q3. The delay is obtained through
capacitor C8 and is variable in accordance with current iD6.
| Advantageously, circuit 100 is not loaded by beam
25 current dependent load, during retrace. This is so, because
transistor Q1 isolates resonant circuit 100 from flyback
transformer T, during a portion of retrace. Whereas current il in
~ transformer T replenishes energy losses in retrace resonant circuit
100, beam current loading does not load circuit 100. Therefore,
30 advantageously, because transformer T is bypassed, variation at a
fast rate of the phase and amplitude of retrace voltage V4 that
could have been caused by beam current loading variations are
prevented. It follows that control circuit 300, advantageously,
does not introduce undesirable variations in deflection current i3
35 at a high rate that could have been caused by beam current
loading variation, '
Raster breathing caused by high voltage variations is
compensated via a feedback path formed by res1stor Rl in parallel

""ﬁﬁ‘iiﬁ‘li‘iitﬁﬂi"uﬂin




- 4 - switching transistor QL. A fl}/back capacitor Cl is coupled to a
junction termnal Wa, between transistor%@l and wi fiCAg 8945 o . form
wWth winding W a flyback resonant circuit 99 of circuit 251. The
source ‘el ectrode of transistor QL:is coupled via a series 5 ar r angenent
of a currentwistanpl tesistoe R ba,oreskitoanR8a andr resistor R11sarPtimagyr esirenor R2

t-0 the coll egt st @r . Ok i &Ui ! . y1 Resonant
circuits 99?gn13{1 &dgégn%;alra. Ite E%p ed(i*tjfl§ s%?l@plegrg%rsolsgtl&sm&f %}Jri ng a
control | abl @nfoithe osamplade veltage disi yodtaggrdivided by pogntioret@rgy to

defl ection gkgiStdrt RA20- AeSPTRBuaILCIanC #héreal® 0 beam Cutféht "éfiel Nen sane
resonant_ frequen Ther e when r.esonant ci.rcuits 99 and

C 44 KHz. re, . e
100 are Ouwg&ap%d pBFgIaTy| cuprent il and, in turn, a larger negative
average voltage across resistor R1. Consequently, the average
discharge current through resistor R8 increases and reduces the
base voltage of transistor Q4, and in turn, the picture width to
compensate for the high or ultor voltage drop. Advantageously,

10 sampling resistor R1 is coupled outside deflection circuit 250 and
does not degrade the deflection lihearity. * The value of resistor Rl
is adapted to the high voltage source impedance. The degree of
compensation is adjusted by adjusting potentiometer resistor Rla.

Soft start-up characteristic is -provided by capacitor C9

15 that is charged slowly via resistor R6, thus producing a slowly
increasing gate voltage of transistor Q1 and in turn a controlled
inrush :¢urrent. Transistor Q1 is protected against overcurrents by.
current sampling resistor R2 and by resistor R3 and diode DI.
Transistor Q1 is turned off when, as a result of excessive current,

20 the voltage across resistor R2 exceeds the sum of the forward
voltage of diode D1 and base-emitter voltage of tramsistor Ql.
Thus, transistor Q1 is an avalanche-proof MOSFET transistor, that
does not require additional over-voltage protection. - Thus,
transistor Q1 is self-protected against possible overvoltages.

25 Operation at a horizontal frequency of 2fy is possible
with few modifications. A primary inductance of winding W1
should preferably be about 0.8mH. In the control circuits the
values of capacitor C8, resistor R6 ‘and resistor RS should
preferably be changed io 100nF, 10kQ and 2.2kQ, respectively. .
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r equency of circui 100 does not change.
capacitor C5 Hrovi des | oose coupling h)ét'ween resonantRGi“rggi%‘@ 99

10(““!“ uwr“g EE\(EM QL i s nonconductive. 1 5 FI GURES 2a- 2g
il

" W useful for | ai ning the operation of the
circuit of FIGURE1. Similar - syéﬁ&%d nunerals in FIGURES 1 and

2a-2g indicate simlar - items or functions. Transistors QL and Q2 of

FIGURE 1 are conduct jve (duti.n race interval . t4-t1l.. as
L ustrated by 20 wader chnielgyisitt Bphe8iSa AbSARss,  FATRRISIDET o1 ¢ ages
V1 and V3, respestsawrce. ofar fisstswitghingasignpb(HSat & faequenasht i 1

of | G4 § hgo ' oplrng istors QL and @ of
FI GURE 151:0 grouﬁsg.ré![%g et%t ?Oﬁg%turaregrl?ﬁﬁiog of ?&%&mflom . t hr ough

transistor @ of FI GURE Tetraceyresemantneireuit, {W0).t inglading dalefleation s i 1

and i3 flow wWhindigh (Lyyoimd ed fitkoderbE® caiiﬁcitance-_(CZ)E ntegrated di ode, not
shown, of transistor tion transistor Q is

. . fle
turned off at time t1 8fSource O&Ia@Jﬂﬂ"ﬂas‘f‘BP[ﬁ'ni"P&&gE +Btrace interval
t1-t4. Current i3 of a supplyGiltfuctahc®WWihegoupleduts saidasouroe 6 to

produce g t rﬁlcp%t supply voltdge for developing a flyback pulse voltage (V2)
in said supply inductance;

. first switching means (Q2) responsive to said first
switching signal' and coupled to said retrace resonant circuit for
generating a deflection current- (i3) in said deflection winding and

15 a first retrace pulse voltage (V4) in said retrace resonant circuit,
' during a retrace interval of a given deflection c'ycle;
a source of a modulation signal (iD6); and
characterized by '
~ second switching means (Ql) responsive to said
20 modulation signal and to said first retrace pulse voltage and
coupled to said supply inductance and to said retrace resonant
circuit' for coupling said supply inductance to said retrace resonant
circuit to replenish energy losses in said retrace resonant circuit,
said second switching means decoupling said supply inductance
25 from said retrace resonant circuit, during a controllable first
portion (t2,t3-t4,FIG.2d) of said first retrace pulse voltage that is
| determined in accordance with said modulation signal and said
first retrace pulse voltage such that said retrace pulse voltage is
coupled to.a control terminal (base electrode) of said second
30 switching ‘means via a signal path (R1,C8,Q4,Q3,R4) that bypasses
| said supply inductance. -

and .
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3 0 voltage V4 as shown in FI GURE 2f 1Mol tage V4 in gepa Q,lstgugcz IS

rol circuit 300 via capacitor C7 and resistor R11
Oam|“ﬂm1lm|mmntrol circuit 300 of FIGURE | generates a drive

voltage W3 8t fhe*gate of transistor QL to turn off tranﬁl stgr QL at
a controll able instant j,thaf occurs durin porti of .t 5. retrace
interval, .interval t2-£3 oé N APRARIUY, acggrcgg | 9 lqnatleF aracterized imphe

" anplitude of tlmtfayﬁmlkmmhtagecifm cdad?btéf) dtReatmhiﬂle (SPUI&lO;'J‘) of said -
7110 S N QU S o
at ‘a point remote from said retrace resonant circuit (100),
and a second main current conducting terminal (DRAIN) of said
second switching means is coupled to said retrace resonant circuit
at a point remote from said supply inductance.

10 , 3. An apparatus according to Claim 1 characterized in
'that said second switching means (Q1) forms, during said first
portion (t2,t3-t4,FIG.2d), a high impedance that is mterposed
between said supply mductance (W1) and said retrace resonant
circuit (100). '

15 . . , :
4. An apparatus according to Claim 1 further
characterized by, a flyback capacitance (C1) coupled to said supply
inductance (W1) to form a flyback resonant circuit (25') that is
coupled via said second switching means (Q1) to said deflection

20 winding (LH) during a second portion (t1-t2,t3,FIG.2d) of said first

retrace pulse voltage (V4).

5. An apparatus according to Claim 4 characterized in
that said resonant circuits (25 1 ,100) have, each, substantlally
25 equal resonance frequencles

6. An apparatus according to Claim 4 characterized in
that a resonance frequency of a combined resonant circuit
(251,100) that includes said supply inductance (W1), said

30 deflection winding (LK) said first retrace capacitance (C1) and said
flyback capacitance (C2) is substantlally the same as that of said
retrace resonant circuit (100), alone.
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va atlo ns in the state pf .conduction, Q{C}‘rggs;ugtor Ql during
retrtﬂﬂ mlﬂ‘ u H of FIGURE 27. until transistor OL of FIGURE 1
ist bl |2 |n transistor QL replenishes energy |osses

L

I e, resonant ciTcuit 10 Fl yback current il in winding W
Is split into a first portion, current i2, of FIGJRE 2e, having a
smal | anpl it ude, 7. Adwf@amméugmrﬂaﬁgl@t Glaim bt chareckrized; én

resonant C'ﬂh@l@'§a130§upply mdiib&n"c@”@W"l)nﬂtomﬁs@sn o Tprﬁﬁhffnwmdm gl @fs _
t hrough capac ati.on o fcurrent i2

8582k ranstogpmetar VR el
i s nodul at €l ¢ Hans OGHEFFat‘iV frein §?‘9n§¥a§‘cs(§?nﬁﬁrt 0Bt £HRIEMI £Q ude
nmodul-at on & ultor terveinfal GUJLTER) d6rminglalload skith gﬁweltopmdf retrace

101120 VA sransforb, a7 ESifRbs) Bigf'E BOBh. BRI U on 1

wavef or ms ofantBRESNQ f whgteing said tsesondgswitehing smeans1(Q1)
From top td)é’&ﬁfblwesﬁﬁn'téﬁ'aég re86n A (c¥fouit r‘(‘10?)9”fl’oﬁ’n‘clfsa.ud load.

10 8. An apparatus according to Claim 1 characterized in
that said second switching means (Q1) operates in a
nonconductive state during said first portion of said first retrace
‘pulse voltage (t2,te-t4) and in a conductive state during a second
portion (t1-t2,t3) of said first retrace pulse voltage (V4).

15
' 9. An apparatus according to Claim 8 characterized in
that said first portion (t2,t3-t4) follows said second portion (t1-
t2,t3) during a given retrace interval.
20 10. An apparatus according to Claim 1 characterized

in that said supply inductance (W1) comprises a winding of a
flyback transformer (T) that is decoupled from ‘said retrace
resonant circuit (100) by said second switching means when said
second switching means (Q1) is nonconductive and that is coupled

25 through said second switching means to said retrace resonant
circuit when said second switching means is conductive.

11. An apparatus according to Claim 1 further
characterized by, a phase-control-stage (P/0,101) responsive to
30 said first input signal (HS) and to a feedback retrace pulse voltage
(V4a) that is coupled from said retrace resonant circuit (100) in a
manner that bypasses said supply inductance. '

12. An apparatus according to Claim 1 characterized
35 in that said second switching means (Q1) is cbupled in series with
said first switching means (Q2) during a trace portion of said
given deflection cycle.
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| nstant of tr QL of FIGURE 1. I ncreasingly _ from | _
mmlﬁ mﬂm‘m i‘of FIGURE 2d by & Veftical par abolkgg)éﬁlﬁgﬁ? iD 6,
is generated in the vertical deflection circuit of

FI GURE" 3 Thi S causes %urrent i2 of FIGURE.1 to flowd riﬁ% an |nc({ea3| ng
time interval into defl¥ctiftth MPAFUS 3eerrding, iy (daim,d, characierize
anpl i tudes ‘af thedtr aacﬁn\uﬂ saige fivét {Q2)oindlefecenti (Q1¥ wwitching3nefans

Tastor ihe W0Ates, PR AGr¢oh B RAHIC AREL Wlerbh AR N the
advanced fr oswitching 3nt:ans|h@cqmesf nancmmqmemnhnesmd retrace current
| 2 of Fl GURE ne&rvial 0%, aﬂ'”fne%t geﬂﬁtnga 1e8®Cin i Ye¥dbal 4ate ! NtO

defl ection CIrCUIi 250 of ausi n ecrﬁﬁs anpl i t udes of
vol tage V4 cPAFaBQHCeARARRLT |tQ mpgldnawm@uﬁhwn lsmgm SOTFRFIHMN.East - West
pi ncushion distortion error is corrected. Control circuit

300 that includes a drj ransi stor ons to E-W
nodul ating verti cal j’iXIboIAJ' %corgnbg QFB’E 3 Q“rghgl ode D6. A DC
f eedback patd:haractemrhedg bye sineans srel§§onswe tana $ighal atr aswvetticalRidteand :
[ I V4
capact oo CHIPRIPRL® BrbiieiRkoh Wil signal BV3Y Ut's Sutkét @iRfinsd! { 20°
: (base) of said second switching means (Q1) such that a leading - :
edge (t2,t3) of said control signal varies in accordance with said

vertical rate signal.

15 : 15. An apparatus according to Claim 1 further
.characterized by, a load circuit (anode of CRT) coupled to said |
supply .inductance (W1) and energized by said flyback pulse
voltage (V2) wherein said second switching means (Q1) forms a
high impedance that reduces mousetecth distortions by reducing

20 energy transfer from said retrace resonant circuit to said load
circuit '(100), during said retrace interval.

_ 16. . An apparatus according to Claim 1 characterized
in that said first (Q2) and second (Q1) switching means are
25 coupled in series, during a portion of a trace interval of said
deflection cycle and wherein said supply inductance (W1), said
second switching means (Q1) and said retrace resonant circuit
( 100) are coupled in series dunng a second portion of said first
retrace pulse voltage.
30 - - . |
17. An apparatus according to Claim 1 characterized
in that said second switching means (Q1) decouples said first
retrace pulse’ voltage (V4) from said supply inductance (W1) and
said flyback pulse voltage (V2) from said retrace resonant circuit
35 (100), during said controllable first portlon (12,t3-t4) of said
retrace pulse voltage.

LT
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reedback path Tncruding a capacitive djvider forned %/F (alggggborl’l ngi ng at =

S“llm;mm“mulﬂmfes aEt]{/\?EoL'[ ?gregfrc]n??p:%ggl Puﬁ?her i ncl udes a

pedestal Lgeherator tr I stor transi.stor. Q4 that
controls driver transistor .Aggte%vmon decfgerg%m“ apparatus, COmpris W&eference
potential REF for circuisousdd Qfsaeﬁrab'o‘wnhhmg signali (Hg) catndufrequed®p t hat

51 PP SCRARA (51 B SBIBEby roquepey PRSS rom (he
. a retrace resonant circuit (100),- lncludmg a deflectlon
5 wmdmg (LH) and a first retrace capacitance (C2);
a source of an input supply voltage (B+);
a flyback transformer (T) having a winding (W1) that
is coupled to said source of input supply voltage for developing,
during a retrace interval, a flyback pulse voltage (V2) in said
10 transformer that is coupled to an ultor terminal, such that a
current (11) that is indicative of a beam current is generated in
said winding, during a trace interval;
first switching means (Q2) responsive to said first
switching signal and coupled to said retrace resonant circuit for
15  generating a deflection current (iy) in said deflection winding (LH)
and for developing a first retrace pulse voltage (V4) in said
retrace resonant circuit (100), dunng said retrace interval of a
given deflectlon cycle; :
second- switching means (Ql) responsive to a switching
20 control signal (V3) and coupled to said winding of said
' transformer and to said retrace resonant circuit for decoupling
said transformer winding from said retrace resomant circuit,
during a controllable first portion (t2,t3-t4) of said first retrace
pulse voltage; and characterized by .
25 means (R1,R8,Q4,Q3) responsive to said current in said
transformer winding that is generated during said trace interval
for generating said switching control signal that varies during said
retrace ' : '
interval to vary an amplitude of said deflection current in
30 accordance with said transformer winding trace current.

19. A deflection apparatus according to Claim 18
characterized in that the variation of said deflection current (11)
- compensates for a variation of an ultor voltage (ULTOR) developed
35 at said ultor terminal to prevent raster width variation.

\t'\
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sistor Rl and the saturation voltage : transi stor .

§Dur|ng horlzontal trac a v ternmi.nal that is at
the reference potentla? Fg @%gfletrcgiwnf%gegﬁatp with beam, nhPPb‘hg the B+
vo)] t age vi a Grrosr P@ﬂWthéﬁmﬂmga resistor 10 R6, a diode D2 and a
di ode D3. The vol t age ans@@@a%ﬁ QI’ fi@& iﬁpnt s1gnal'('H§)9ﬁt tOf lje%a\‘,ﬂl:? (Oflﬁ/) t he

operation of Zener di D5 acr oss pacit
cﬁarge curreﬂ"t tofs J&b%feat&? Q;ghqr%ental deﬂ?‘i"é% f@%ﬁ%ﬁé D3 nai nt ai ns

transist6r Q6 nonconduat reteadecresenant circuibe(l V\fdcﬂuﬂﬁi %Qiéﬂedii&ge D3
0 ransi s .
e e o 2on Elﬁfg[ rreniaegetﬁ&?qs&ﬁbgg%‘l‘c‘?n

Therefore, no en ansi st or Q4 from
transi stor @. Thus, taafuststtmnsmorsswjteb (Q2) respmmlvéum sadd fifgtansi stor

havi | r y curren
Cranei stor QIR Sfifal dnd el 16 "Gd rewrade” rofiiale, GRRT KE o
transi stor (BERGTAtings asdmmma |d§fk—th1 stwgrems (iYoin saidadeflectiont el y

: erence potenti al i s approxi mat eky at a ground e .
3ﬂlﬂ!ﬂm3|ﬂﬂllﬂru%und conductor G negFectl ng the sungg ?h small

equal t o hewyRdin®d@nid aC e@aEE ! VBRQ? §V4) in shifTebrakl’ réddnatit
nonconductlvgrcm‘lghelﬁ&lector VO tage of sistor -

a flyback resonant circuit (251) including a supply
- inductance (W1) for generating a flyback pulse voltage (V2) in
- said supply inductance; :
L5 a source of a second input signal (iD6) at a frequency
that is related to a vertical deflection frequency;

a second transistor switch (Q2), coupled in series with
said first transistor switch during a trace interval of a given cycle
of said horizontal deflection current, said second transistor switch

20 coupling said resonant circuits during a first period (t1-t2,t3) of .
said deflection cycle and decoupling said resonant circuits during
a second period (t2,t3-t4) of a retrace interval of said deflection
'cycle that varies in accordance with said control signal, such that
. during said second period, said flyback pulse voltage is developed
25 at a first main current conducting terminal- (SOURCE) of said
‘'second transistor switch and said retrace pulse voltage is
developed at a second main current conducting terminal (DRAIN)
of sa1d second transistor switch; and characterized by
means (C8,Q4,Q3) respons1ve to said retrace pulse
30 voltage and to said second input signal for generating said control
signal such that said control signal is obtained from said retrace
pﬁl_se voltage by time-sh'ifting a transition edge (leading edge) of
said retrace pulse voltage via a signal path that excludes said
. supply inductance.
35
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@ that is coupl ed to the gate of transistor via gegsksldjg R4
causes transistor QL to be conducti ve, th!roughout hori zontal” trace

During trace, the B+ supply voltage produces a current 25 in a resistor
R12 that .is coupled to a capacitor B gfor CBis coupl ed

bet ween the base of tr s[_?tor A4 an e potential REF in
conduct-or 252. The cur a5t-West stwitching sransistopwQ1) ds coupledesi st or R1

%23 conductlbetWeansanlybaéJZ trAﬂ?ﬁ%rhﬁ'm %rﬁ&r)‘ h@md?g (WY cledc] .rﬁSI stor
e of transistor

capac?Itnolrjlozjg1 §PF@S%F§I%FL'P SRy tp UINIPLOr giFeult 00 Qf)pcigl erptroly ace

vol t age devetetpact omeogy tmmhtmmrmﬁ?Eastf-ste modulatﬁ:@pa@f ttheeddflecten

formed by capafehe $m tuﬁé ﬁE‘d %I‘é& ﬁ&u@&q West, P{ 8[1@951{ flﬁag Ri1 and

capacitor C8 to-enhance %r stor 4.
During ret ra(é‘é"eﬁﬂéncur’rhﬁtEaﬂeVéfP%eSWhtChmg traes:smroaso Ries ande®ace :

producing a fbsmahan@ilreauvem@p%atsrm&mdes a Hot tliPrde@e&ﬁﬂ}]at the base
orizonta Itage i's

devel oped at vining, 0k From 'a Hybck, reongitasiievit, OF3: teat o
10 the flyback transformer during a portion (t2,t3-t4,FIG. 2d) of
. retrace. The deflection winding is coupled to a common conductor
. to permit the use of a retrace voltage sample(V4), developed in
the deflection winding and coupled - to the East-West switching
transistor, to control the switching operation in a manner that
15 bypasses the flyback transformer. A resistor (R1) coupled in
. series with the primary winding develops a voltage (VC7), dﬁring
trace, t_h_"at is indicative of beam current. The resistor voltage is
coupled to the East-West switching transistor to prevent beam
current variation from causing raster width variation.
20
FIGURE 1
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- 7 : During retrace, retrace vol tage -V4 reverse bi ases ()\‘%

di ode ' D2. A current produced by :a:ivol tage VC9 in capacitor C9, flows
in a resistor RO that is- coupl ed to the base of transistor @ and
reverse biases di ode D3, during retrace ansistor @ is turned 5 on
and a pedestal voltage VP that is refere d to conductor 252 , S
devel oped across a Zener diode p Pedestal voltage VP is also

devel oped at the enmitter_of c £ REFAGE OF REBESMl stor 4 and est abl i shes
a threshol d vol tage f %ﬂ@ﬁparamemr HaMGROSS R4 Q4. At t he begi nni ng of
retrace, the base voI tir ansi (84 s |arger

HOR. RAMP &

-ERROR VOLTAGE TOP-BOTTOM

S V09 K3 ULTOR
: ' 02 I Pl
03
TR AL VALY
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05 8¢ _ Z.Smti
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1
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10 than voltage VP. Therefore, transistor 4 is nonconductive and
transistor QL is conductive. : . At a controllable instant
during horizontal retrace, a cross-over occurs of the down-ranping
base voltage of transistor - A with,respect to threshold or pedestal
voltage VP. The emitter- 1 5 base vol2zpage of transistor Q4 may be

negl ected for expl anati on pur poses. \Wen the cross-over occurs,
transistor Q4 is turned on, causing transistor @B to turn on and
transistor QL to turn off. The current that flows in resistor R5 and
conductive transistor B3 further i-ncreases the base current of
transistor @ and, 20 advant ageousl y, speeds up the | eadi ng edge of
voltage V3 at the gate of transistor QL. Thus, the |eading edge of ,
voltage V3 is time-shifted in accordance with current iD6. Current iD6
IS applied to capacitor C8 via diode D6, during trace. At the end of
retrace, diodes D2 and D3 are again forward biased and transistors 25 b,
A and B are turned off regardl ess of the base voltage of transi stor
X so as to nmaintain tranS|stor QL conductive, during trace. Wt hout

current |D?G ?éoltade at, the base of transistor Q4

- -

3
d
=
N’

//dl
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~is lewer-than the emtter voltage of transistor Q4. :
Assune, hypothetically, that retrace voltage V4 3 0 increases above a

_normal operation | evel and becones equal to flyback voltage V2.
Because the average val ue of flyback voltage V2 is equal to the B+

~voltage, in this case, the average val ug voltage V4 is also equal
tb the B+ voltage. Therefore, the averag current through resistor R12
is zero, the DC voltage across 3 5 capacitor C8 is zero and the |evel of
the ranp voltage at the base" of transistor 4 is approximately equa
to the voltage reference in conductor 252. As a result, transistor QL

is turned off at tinme tl,

ausi-ng a decrease of voltage V4.
Simlarly, a |ow anpli defof'ZN:

7 07
IN4148

R14
15K

—* TOFIG. 1

Iwoo
| R13
L 3K
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2

- 8- %«F?L‘%Gﬁk/fggé" YAEEDRUseSS, pdsitive shift of the base vol tage figoors
stra f‘#‘ﬁfv“ﬁmﬂ E%efihat@t‘é%&g 1o ldel ay the turni nd off tinme of transistor

QL atin{s) her Bagpa ! -fonpaged <P the anpl i tude of Vol tage V4. Thus, negative

fee %;12 avhieg(st epapsdtd. tot page. oltagg V4 is provided. 5

Par Alstitacy shpaged .trfoveagedrs. engt i D6 char ges capacitors C7 and C8

duriing trace for obtalqlng the degired raster correction and picture

wi d hDI:QI*’OdQ: Q@cﬁp@' ________ HRASTER DISTORTION. CORRE¥FIDNCIRECUERt D6 is

sup t~From-a

—co-r-i—ecrvrfg f r fected
by the forward voltage of di odgmﬁ)%'? rg?ates to : @%ﬁ saturcg%ug{r}%\f/o t‘HaHée%

transi stor Q@ GSPiHe FBPREHESdr op across current sanpling resistor
RL. The drive current exgehdfizontal défiectibis diruge isun pﬁhllzhrr@q%edeﬁd stor

R8 't o obt ai.n

R12 st abil rsze

B oty oRGSHLEE A S B AN Kol

via the capaci pnc@m‘elSnformaliQ!ErfOf oobtathibg aapemectorastes, dicplaynd 7 and

resi stor Rl1

10

F o

15

20

25
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35

common practice, a retrace pulse produced in a flyback
transformer of the deflection circuit is employed for providing a
feedback pulse m a phase-controlled-loop to achieve such
synchronization. However, when an ultor supply is energized by
the flyback transformer, beam current variations may modulate a
shape and a width of the transformer produced retrace pulse.
Disadvantageously, the phase of a horizontal deflection current in
a horizontal deflection winding may be offset or phase-shifted
relative to that of the flyback transformer produced flyback puise.
The result may be an inaccurate synchronization causing a visible,
beam current dependent, horizontal picture shift or a raster
bending in a horizontal direction. Undesired raster distortion may
be further caused when switched East-West (E-W) pincushion
raster distortion correction circuit that employs the flyback pulse
for switching purposes is utilized.

It may be desirable, instead of using the transformer
produced retrace pulse to use a retrace pulse dcveloped in the
horizontal deflection winding for the phasing of the deflection
circuit to the video signal and for controlling the E-W pincushion
raster distortion correction circuit. To that end, it may be
desirable to have an end terminal of the horizontal deflection
winding at a. cdmmon conductor or ground potential, during
retrace. :

In a Horizontal deflection circuit described in U.S.
Patent No. 5,115,171 (The Haferl Patent), one end terminal of the
horizontal deflection winding is coupled to ground potential. A

‘loose coupling is provided between the flyback transformer and a |

retrace resonant circuit that includes the deflection winding. The
grounded terminal of the -deflection winding permits a more
accurate phasing of the horizontal deflection winding retrace pulse

" to the video signal. The loose coupling reduces beam current
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prevents ringing. " In accordance with an aspect of the

I nvention, signal transitions, during retrace, are supplied to
control circuit 300 from retrace pul se voltage V4 produced in retrace
resonant circuit 100 20 via a signal path that bypasses transformer T.
The | eadi ng edge of voltage V4. is tinme-shifted or del ayed to produce

the | eading edgd also redficehegenesdion| ofage-adllad amsousasectll. tyfive rdsteay i s

obtained thro ; Pagd ty | S e} [ 3 h :
current i Do, Siotortion. ARPTRE LRGIGE Milent S MARCR, (AN fod by

. . Advant ageousl y,
beam 25  cur Petbirdepandios: foh g8ncHimeng ?@PPS’EeP“'S?hm?ti OUERls hitea bise
transi stor Ql Wsahsteesdisesviomnicoctecciont ci@@itf r om f | yback t ransf or mer

T, during a portion of rlptr{]%reg?y%%&ﬁe G : ir%umba(:k tra&{@?&fggrner T

repl eni shes ene_rgy-l 0sses In _race resonan | I am:
current | oadi rwithoes syeh tihiad windimg: seothatTpestangiasd flyback @smsformenusl vy,

because transf@nnBe diilisedy PRSARG, alkar bat de¥iradle @0 use a ké@icd FoRapl the
phase and anplituyde of. retrace, vol tna e XIAHtht C(}JIH da ave beén caused
by beam currerPtmaB‘é?f?er gléqlcge?}egg@ ag"é“ g ingieadont & HYYAKs) | ous t hat
control circuittaid@ormadvpuisagbarudoptrolling the East-West raster distortion
10 circuit in order to make the circuit less susceptible to beam
current load variations. Furthermore, it may also be desirable to
provide breathing compensation that varies the deflection current
amplitude according the flyback transformer beam current
loading for maintaining constant picture width. |
15 A television deflection apparatus, embodying an
aspect of the invention, includes a source of a first switching
signal at a frequency that is related to a first deflection frequency.
A retrace resonant circuit, includes a deflection winding and a
first retrace capacitance. A source of an input supply voltage is
20 coupled to a supply inductance. A flyback pulse voltage is
developed in the supply inductance. First switching arrangement
is responsive to the first switching signal and coupled to the
retrace resonant circuit for generating a deflection current in the
deflection winding and a first -retrace pulse voltage in the retrace
25 resonant circuit, during a retrace interval of a given deflection
cycle. A second switching arrangement is responsive to a
modulation signal and to the first retrace pulse voltage and
coupled to the supply inductance and to the retrace resonant
circuit for coupling the supply inductance to the retrace resonant
30 circuit to replenish energy losses in the retrace resonant circuit.
The second switching arrangement decouples the supply
inductance from the retrace resonant circuit, during a controllable
first portion of said the retrace pulse voltage that is determined in'_
accordance with the modulation signal and the first retrace pulse
35 voltage. The first retrace pulse voltage is coupled to a control
terminal of the second switching arrangement via a signal path
that bypasses the supply inductance. .
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does ngt {intraduce undgsjrable variations in deflection current i3 35 at
a hi ghirat ej9 N 69l dl hhve been caused by beam current | oadi ng
vari at ifon. Raster breathing caused by high voltage
vari at ifo conpgnsated via a fegdback path fornmed by resistor Rl
in pargllel - 9- with
a resi SrorTIE res'storFE@m@ F‘?ﬁl.x?&ﬂ?:saljdcfﬁ':‘h%ﬁr&r%'lrtr@rﬂﬁodym id in
wi ndi ng W of transforner T is sanp across resi-stor >
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aspect of the inventon that includes pincushion correction
arrangement;
FIGURES 2a-2g illustrate wavcforms useful in

explaining the operation of the circuit of FIGURE 1, and FIGURE 3_
illustrates a vertical deflection circuit for generating a vertical

rate parabolic current that provides East-West raster distortion

correction in the circuit of FIGURE 1.

A horizontal deflection circuit 250 of FIGURE 1
provides horizontal deflection in, for example, a color cathode ray
tube (CRT) type VIDEOCOLOR ASSECY13X31. Circuit 250 includes
a switching transistor Q2 operating at a horizontal frequency fy
that is about 15,625 KHz in the PAL standard and an anti-parallel
damper diode DQ2. A retrace capacitor C2 is coupled in parallel
with tansistor Q2 and diode DQ2. A deflection winding Ly is
coupled in series with an S-shaping or trace capacitance C; and
with a linearity inductance Lj[n, forming a circuit branch that is
coupled in parallel with each of transistor Qi, diode DQ2 and
rerace capacitor C2, to form a retrace resonant circuit 100, during
horizontal retrace. _

A phase conmol stage 101 that includes a honzontal
oscillator and a phase detector, not shown in detail in FIGURE 1, i
responsive to a horizontal synchronizing signal Hg. Signal Hg is
derived from, for e:{ample, a video detector of a television
receiver,, not shown in the FIGURES and is referenced to a common
conductor or ground potential. A retrace voltage V4 in capacitor
C2 is coupled via a capacitor C7 and capacitors C4 and C3 forming
a capacitive voltage divider to obtain a sample, low amplitude
retrace voltage V4a-that is referenced to 'the common conductor or
ground. Voltagc V4a is applied to a second input 10la of stage
101 to synchronize retrace pulse voltage V4 to synchronizing
signal H,. Stage 101 applies, via a conventional driver stage, not
shown, a switching voltage V1 to the base-emitter junction of
transistor Q2 for producing a base drive current at the horizontal
frequency fy. Voltage V1 is also referenced to the common
conductor or ground potential. ' )

A raster distortion correction circuit 200, includes an
E-W conwol circuit 300 that controls switching timing of an MOS,
switching transistor Q1 of a flyback circuit 251, during retrace. A
primary winding W1 of a flyback transformer TI of circuit 251 is
coupled betwesn a sourcs of a B+ voltage and a drain electrode of
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and the sanpl-ed vol tage is vol tage-divided by potle T onet er :rési stor
Rla. As a result, an increase of beam current causgs ésed

primary current il and, in turn, a |larger negative aver age voljt dge
across resistor Rl. Oonsequently, t he average : nt
through resistor R8 increases and reducestthe pbase voltage of _ |
transistor Q4, and in turn, the picture width to conpensate for the

hi gh or ultor voltage drop. Advantageously, 10 sanpling resistor RL is
coupl ed out sivdiechiegl sansistorcQlcuiA AgbBacinadapacitordfds insouglegr &la t he

deflection |#ReRbht YernfiAg! VWIl‘de &Imfe%ﬁ' ?Faﬂglsﬁ;f 1 ald v@‘ﬁﬁmdeIO td1e high

vol t age source | npedance yensat S, ad] u§ted by

n._i
adj usti ng potQEAt i¥oitBt %ﬁ"“?'@gl é’Ybra Ffihb“k resonant Gircuit d9S(5’fft Cggult( 23h
characteri stTheisoupcevéldedotly afapaasiscsr (Pl 15 codpled via ahserged slowy via
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transi st urn a curren anS| st or Ql
i s protect edsagpiingtresiseet i dat thepgollectorcof teansigamid? ef ewsnit 350.R2 and

by resistor R3 and di Oﬂés@ﬂant cxrcuffi W'ﬁdorm@l ak® patanep c%ﬁxblé@ﬂﬂe as a
resul t of excesswe g Blta e . acr9ss, 1 esi stor .R2 vxlceeds
theisum of V\m unng a controlla e portion of the retrace inter

to supply energy to deflection circuit 250. Resonant circuits 99

10 and 100 have the same resonant frequency, 44 KHz. Therefore,
when resonant circuits 99 and 100 are coupled in parallel the
resulting resonant frequency of circuit 100 does not change. A
capacitor C5 provides loose coupling between resonant circuits 99
and 100 when transistor Q1 is nonconductive.

15 FIGURES 2a-2g illustrate waveforms useful for
explaining the operation of the circuit of FIGURE 1. Similar
symbols: and numerals in FIGURES 1 and 2a-2g indicate similar
items or functions. Transistors Q1 and Q2 of FIGURE 1 are
conductive during a trace interval, t4-tl', as illustrated by

20 waveforms of FIGURES 2a and 2d showing drive voltages V1 and
V3, respectively.- An upramping trace portion of a current il of
FIGURE 2c flows through, series coupled transistors Q1 and Q2 of
FIGURE 1 to ground. Deflection current i3 of FIGURE 2g flows
through transistor Q2 of FIGURE 1 to ground. Negative portions of

25 currents il and i3 flow through integrated diode DQ2 and an
integrated diode, not shown, of transistor Ql.

Deflection transistor Q2 is turned off at time tl of

FIGURE 2a to initiate a retrace interval t1-t4. Current i3 of
FIGURE 1 flows then through capacitor C2 to produce retrace

- 30 voltage V4, as shown in FIGURE 2f. Voltage V4 in capacitor C2 is
coupled to E-W control circuit 300 via capacitor C7 and resistor
R11 of FIGURE 1. E-W control circuit 300 of FIGURE 1 generates a
drive voltage V3 at the gate of transistor Q1 to turn off transistor
Q1 at a controllable instant that occurs during a portion of the

35 retrace interval, interval t2-t3 of FIGURE 2d, as explained later on.
The amplitude of a flyback voltage V2 developed at the drain of
transistor Q1 and having a waveform of FIGURE 2b is regulated or
stabilized by supply voltage B+ of FIGURE 1 and is independent of



A
vol tage of diode D1 and base-emtter voltage of transistor QL. Thus,
‘transistor QL is an aval anche-proof MOSFET transistor, that does not
requi re additional over-voltage protection. Thus, “~transistor QL is
sel f-protected agai nst possible overvoltages. 25 ' Qperation at -
a horizontal frequency of 2f[err] is possible with few nodifications.
A primary inductance of w nding W -shoul d preferably be about 0.8nH.
In the control circuits the val ues of capacitor C8, resistor R6 and

resistor R5 should preferably be changed to 100nF, 10k[err] and
2.2k[err], respeetidyelip. the statz of conduction, of wansistor qQl, during

regacs. From time tl of FIGURE 2= unul transistor Ql of FiGURE |
is wrmed off, current i2 in wansistor Ql replenishes energy losses
in resonant circuit 100.

35 Flyback current il in winding W1 is spiit into a first
pordon, current i2, of FIGURE 2e, having a small amplitude,
flowing through transistor Q1 of FIGURE 1 to resonant circuit 100.
The remaining pordon of current il flows through capacitors C1
and C5. The duranon of the flow of current i2 is modulated by the

I'0  operation of transistor Ql to obtain amplitude modulation at
vertical tate of parabolic shaped envelope of retrace voltage V4
and of deflection current i3. The amplitude modulation is
'required for correcton of E-W raster distortionm, as shown in the
waveforms of FIGURES 2f and 2g at the right-hand side,

15 From top toward the center -of the raster, the turn-off
instant of tramsistor QI of FIGURE 1 is increasingly delayed, from
time t2 to time t3 of FIGURE 2d by a vertical parabola current
iD6, the phase of which is generated in the vertical deflection circuit
of FIGORE 2. This causes currcm'iz of FIGORE 1 to flow during an increasing
time interval into deflection circuit 250.+to.produce ircreasing

20 amplitudes of ‘retrace voltage V4 and of deflecton current i3 of
FIGURES 2f and 2g, respectively. From the center to the bottom of
the raster, the turn-off instant of transistor Q1 is increasingly-
advanced from time t3 to time t2 of FIGURE 2d. As a result,
current i2 of FIGURE 2e flows, during a decreasing: time interval,

25 into deflection circuit 250 of FIGURE 1 causing decreasing
amplitudes of ‘voltage V4 and current i3. Inm this way beam
posmonmg or East-West pincushion distortion error is corrected.

Control circuit 300 that includes a driver transistor Q3
is responsive to E-W modulating vertical parabola current iD6

30 coupled via a diode'D6. A DC feedback path including resistors R8
and R11, a resistor R12 and capacitor C8 compares the average or
DC value of remrace voltage V4 with the B+ voltage. An AC
feedback path including a capacitve divider formed by capacitors
C3, C4, C7 and CR reduces a high frequency loop gain to avoid

35 ringing at the top of the raster. E-W control circuit 300 further
" includes a pedestal generator transistor Q5 and a comparator

transistor ()4 that conunls driver transistor Q3.
REPLACEMENT SHEET
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1. A television deflection apparatus, conprising:
—5W tching signal (Herr])at a frequency 5 that is

tef |l ection frequency (flerr]); a

1) rguit (WD), including a deflection wi nding (LH) and
st ey gcapafi tance (C2); -6 - a source of an input
supplly 1\/%%‘“32@ BH ; _ a supply inductance (W) coupled to
saild . ' I nput supply voltage for devel oping a flyback pul se

voljt age (V2) i ]| sa&\ deferepty pordndalaREF for circuit 300 is esthblistied

kS:\(,)MupI ed to sal da-%gt réj(r(::g&?ggglnt\gﬁ% t'gi ?@ﬁgé}t@fﬁ term1n%%ﬁlé?#ﬂgegk%gﬂ{ég??m
current (i3) remoda;f@omefthectallseton odi Wanupor1Q3. Daripgthedzontak tpagese
vol tage (V4) referentel petentiab REFofnppebXignitely at a gtoundd patditidlace
Irrgfjﬁlr\z;?: o f S%l&%'g}’oeqneld él;ae:gt{'a rqdcélgr{aelictor G, neglecting the %u?no%rfC&eOf a
small voltage drop in resistor R1 and the saturation voltage
transistor Q2. During horizontal trace, a capacitor C9, having a
terminal that is at the reference potential REF of circuit 300, is
charged from the B+ voltage via a series arrangement of a resistor
10 R6, a diode D2 and a diode D3. The voltage in capacitor C9 is
limited to 18 volts by the operation of a Zener diode D5 that is
coupled across capacitor C9. A charge current of capacitor C9 that
flows in diode D3 maintains transistor Q5 nonconductive because
the forward voltage of diode D3 reverse biases the base-emitter
15 junction of transistor Q5. Therefore, no emitter current can flow
in transistor Q4 from transistor Q5. Thus, transistor Q4 is also
nonconductive. Transistor Q3 having a base that is driven by the
collector current of transistor Q4 is also nonconductive. The
“collector voltage of transistor Q3 that is supplied via a resistor RS
20 is approximately equal to the voltage in capacitor C9, because
transistor Q3 is nonconductive. The collector voltage of transistor
Q3 that is coupled to the gate of transistor Q1 via a resistor R4
causes transistor Q1 to be conductive, throughout horizontal trace.
During trace, the B+ supply voltage produces a current
25 in a resistor R12 that is coupled to a capacitor C8. Capacitor C8 is
coupled between the base of transistor Q4 and reference potential -
REF in conductor 252. The current in resistor R12 also flows via
resistor R1 and conductive transistor Q2. As a result of the
current in resistor R12, an upramping base voltage of transistor
30 Q4 is produced in capacitor C8 relative to reference potential REE." .
A positive trace voltage developed across capacitor C7, of the
capacitive divider formed by capacitors C3, C4 and C7, is coupled
via resistor R11 and capacitor C8 to enhance the up-ramping base
voltage of transistor Q4. During retrace, the currents reverse in
35 resistors R11 and R12, producing a down-ramping voltage across
capacitor C8 and at the base of transistor Q4. As a result, a
horizontal rate sawtooth voltage is developed at the base of
transistor Q4 as illustrated in FIGURE 1.
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charapte&#&edw ey | second switching neans (Ql) responsive to
sai d REPLACEMERT SHEEignal and to said first retrace pul se voltage and
coupl edi i nductance and to said retrace resonant circuit
for C'“3|H@E gﬂl ggu plly inductance to_said retrace resonant circuit
to re-l=n|s nergy lloslses in said retfate resonant circuit, sai d
secong | decoupling sai d supply inductance 25 from said
retrate resonant CIrCUI durin controllable first partion

(12,1 Sumpden THpoT~ SAPHTHE sngP%?’r Relgags | wtags (Vgjeravesse be}ases diode

det er ni ned |nD@cco«dnammt\Aptdaiueadobmdubnhg@NS?gﬂnaha toraCo, flows églrjslted
o & control Z%%‘Sﬁgf R alat & tecet%@%i Y8R B R CARRiSRE Quand i ng moans
via a signal [RMarsy Riasss diods Bd) dunlang bgtwacss es Transistoni Q5s igppiisned
inductanc& on and a pedestal voltage VP that is referenced to conductor 252

is developed across a Zener diode D4. Pedestal voltage VP is also

developed at the emitter of comparator transistor Q4 and

establishes a threshold voltage for comparator transistor Q4. At

the beginning of retrace, the base voltage of tramsistor Q4 is larger

10 than voltage VP. Therefore, transistor Q4 is nonconductive and
transistor Q1 is conductive. '

At a controllable instant during horizontal retrace, a
cross-over occurs of the down-ramping base voltage of transistor
Q4 with respect to threshold or pedestal voltage VP. The emitter-

15 base voltage of transistor Q4 may be neglected for explanation

' purposes. When the cross-over occurs, transistor Q4 is. turned on,
causmg transistor Q3 to turn on and transistor Q1 to turn off. The
current that flows in resistor R5 and conductive transistor Q3
further increases the base current of ‘transistor Q5 and,

20 advantageously, speeds up the leading edge of voltage V3 at the
gate of transistor Q1. Thus, the leading edge of voltage V3 is
time-shifted in accordance with current iD6. Current iD6 is
applied to capacitor C8 via diode D6, during trace. At the end of
retrace, diodes D2 and D3 are again forward biased and transistors

25 Q5, Q4 and Q3 are turned off regardless of the base voltage of
transistor Q4 so as to maintain transistor Q1 conductive, during
trace. Without current iD6, the voltage at the base of transistor Q4
is lower than the emitter voltage of transistor Q4.

Assume, hypothetically, that retrace voltage V4

30 increases above a normal operation level and becomes equal to
flyback voltage V2. Because the average value of flyback voltage
V2 is equal to the B+ voltage, in this case, the average value of
voltage V4 is also equal to the B+ voltage. Therefore, the average
current through resistor R12 is zero, the DC voltage across

35 capacitor C8 is zero and the level of the ramp voltage at the base
of transistor Q4 is approximately equal to the voltage reference in
conductor 252. As a result, transistor Q1 is turned off at time tl,
causing a decrease of voltage V4. - Similarly, a low amplitude of
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in t hat
second switc

ey
2. An apparatus according tEkBLAC‘éM oh%»{&;‘}‘ ri zed

a first main current conducting term ng SOURCE) of séai
hing means (QLl) is coupled to said suppliy |i

a point renote fromsaid retrace resonant circuit (10Q), alsé¢cond

mai n current

conducting ternminal (DRAIN) -8 said

means is coupled to said retrace resonant ci rcuit at a point remte
fromsaid supply inductance. 10 . Ana par REUS acécording to
Caim 1 chavettagei Yédcpwses a pesitivesshift ofcHied b§§\ﬁ"t‘{9{ AFANSATIOY f or s,

during said {34 Shat tendPebtdelay (ihé, hdnidg G dak, oft thalﬂi'\stbﬁ'ﬁ@daﬂf(ﬁ that is

I nt er posed

thereby to increase the amplitude of voltage V4. Thus, negative
feedback that tends to stabilize voltage V4 is provided.
Parabolically shaped drive current iD6 charges

‘capacitors C7 and C8 during trace for obtaining the desired raster

10

15

20

correction and picture width. Diode D6 is cut off during retrace.
Drive current iD6 is supplied from a collector current of a
transistor Q6 and is unaffected by the forward voltage of diode D6
or by the saturation voltage of transistor Q2 or the voltage drop
across current sampling resistor R1. The drive current exceeds
the discharge current through resistor R8 to obtain maximum
picture width. The feedback path via resistor R12 stabilizes the E-
W raster correction circuit. The AC feedback via the capacitive
divider formed by capamtors C3, C4 and C7 and resistor R11
prevents ringing.

" In accordance with an aspect of the invention, signal
transitions, during retrace, are supplied to control circuit 300 from
retrace pulse voltage V4 produced in retrace resonant circuit 100
via a signal path that bypasses transformer T. The leading edge of

-voltage V4 is time-shifted or delayed to produce the leading edge

25

30

35

of the base voltage of transistor Q3. The delay is obtained through
capacitor C8 and is variable in accordance with current iD6.

Advantageously, circuit 100 is not loaded by beam
current dependent load, during retrace. This is so, because
transistor Q1 isolates resonant circuit 100 from flyback
transformer T, during a portion of retrace. Whereas current il in
transformer T replenishes energy losses in retrace resonant circuit
100, beam current loading does not load circuit 100. Therefore,
advantageously, because transformer T is bypassed, variation at a
fast rate of the phase and amplitude of retrace voltage V4 that
could have been caused by beam current loading variations are
prevented. It follows that control circuit 300, advantageously,
does not introduce undesirable variations in deflection current i3
at a high rate that could have been caused by beam current
loading variation. '

Raster breathing caused by high voltage variations is
compensated via a feedback path formed by resistor R1 in parallel



bet ween said supply inductance (W) and said retrace resonant circuit’
. (100). 1 5 _ 4. An apparatus according to Caim1l further
‘characterized by, a flyback capacitance (Cl) coupled to said supply
! inductance (W) to forma flyback resonant circuit (25') that is

coupl ed via said second switching neans (Qf_to said deflection 20

wi nding (L[err]) during a second portion (tl-t2,t3,FIG 2d) of said first

retrace pul se voltage (V4). 5. An apparatus according to

daima charaghan Zegsidtor R1a, RRIst8R!ER [ARPIRMNGH KA. SPhifmaty WfHed?VE:
each, substantially 25, eq‘é‘a resonance frequencl es. ) 6. -
An appar atus aéchy vinging Wlaof uansfarmer ek iisetpmpled acrosgnegsisior &bnance

frequency of angonhensempraonanditaper dsli Yoltage-divided, b O%otémod@@kudes sai d

suppl y | nduct qaeeidRin STAL £ 1BsuiteLh ock SRe"oP ekt (et Ashbd 51

5 increased primary current il and, in turn, a larger negative
average voltage across resistor R1. Consequently, the average
discharge current through resistor R8 increases and reduces the
base voltage of transistor Q4, and in turn, the picture width to
compensate for the high or ultor voltage drop. Advantageously,

10 sampling resistor Rl is coupled outside deflection circuit 250 and
does not degrade the deflection linearity.  The value of resistor R1
is adapted to the high voltage source impedance. The degree of
compensation is adjusted by adjusting potentiometer resistor Rla.

Soft start-up characteristic is provided by capacitor C9

15 that is charged slowly via resistor R6, thus producing a slowly

increasing gate voltage of transistor Q1 and in turn a controlled

" inrush ‘¢urrent. Transistor Q1 is protected against overcurrents by
current sampling resistor R2 and by resistor R3 and diode DI.
Transistor Q1 is turned off when, as a result of excessive current,

20 the voltage across resistor R2 exceeds the sum of the forward
voltage of diode D1 and base-emitter voltage of transistor Q1.
Thus, transistor Q1 is an avalanche-proof MOSFET transistor, that
does not require additional over-voltage protection. Thus,
transistor Q1 is self-protected against possible overvoltages.

25 : Operation at a horizontal frequency of 2fy is possible
with few modifications. A primary inductance of winding W1
should preferably be about 0.8mH. In the control circuits the
values of capacitor C8, resistor R6 and resistor RS should
preferably be changed to 100nF, 10kQ and 2.2kQ, respectively.’
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fl yback. capacitance (C2) is substantially the sane as that of said
. retrace resonant circuit (100), alone.

-12-

tin that said supply inductance (W) conprises a

10

15

20

25

30

_ 7. An apparatus according to M!ﬁﬂ iacte |zed
‘a flyback transformer, wherein sai-d tragsformer (T) ﬁS*COld L'ﬂ an -

ultor term nal

(ULTCR) formng a load with respect to said

CLAIMS

l. A television deflection apparatus, comprising:

a source of a first switching signal (HS)at a frequency
that is related to a first deflection freqhency (fH);

a retrace resonant circuit (WQ), including a deflection
winding' (LH) and a first retrace capacitance (C2);

a source of an input supply voltage (B+);

a supply inductance (W1) coupled to said source of
input supply voltage for developing a flyback pulse voltage (V2)
in said supply inductance; .

_ first switching means (Q2) responsive to said first
switching signal and coupled to said retrace resonant circuit for
generating a deflection current (i3) in said deflection winding and
a first retrace pulse voltage (V4) in said retrace resonant circuit,
during a retrace interval of a given deflection cycle;

a source of a modulation signal (iD6); and
characterized by

- second switching means (Q1l) responsive to said
modulation signal and to said first retrace pulse voltage and
coupled to said supply inductance and to said retrace resonant
circuit for coupling said supply inductance to said retrace resonant
circuit to replenish energy losses in said retrace resonant circuit,

~ said second switching means decoupling said supply inductance

from' said retrace resonant circuit, during a controllable first
portion (t2,t3-t4,FIG.2d) of said first retrace pulse voltage that is
determined in accordance with said modulation signal and said
first retrace pulse voltage such that said retrace pulse voltage is
coupled to a control terminal (base electrode) of said second
switching means via a signal path (R1,C8,Q4,Q3,R4) that bypasses
said supply inductance.
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transforner that varies in accordance with a beam current variation
and wherein said second swtching neans .’ -decoupl es said retrace
resonant circuit (100) from said | oad. l ”!IJI mi ﬂu'[mtujmpar at us
according to Claim 1 characterized in that il chi ng
means (Ql) operates in a noncondlict i ve staite duri ng sai d fi'rst
portion of said first retrace pul se voltage (t2,te-t4) and in a
conductive state during a second portion (tl-t2,t3) of said first
retrace pulse voltage (V4). 1 5 9. An apparatus according

to Gaim8 characterizedl i An apparatimatacsaidingi rostClpimt 1 ochara&etided 4n
follows said §a¢anGiRP hha" BH’"%\ conducﬁagté} mihdl Q§O@Jl€tﬁgbt’r gilaace

interval. 20 usS acco
char act eri zedsecond switching Bgans §Qd|@l g |°ﬁﬂ9kqdaﬁ@e5?{1¢\1§umﬁpiﬂ@@§a%% ndi ng

of a 5 flgwagkat napsis remhotelfrémaikaids reaads Mesondntorireaitd(1@0Yy, ace

resonant circild { 400ndYmaf Cutft oMY WraiRA A BRAING 30 said
second switching means is coupled to said retrace resonant circuit
at a point remote from said supply inductance.

10 3. An appératus according to Claim 1 characterized in
‘that said second switching means (Q1) forms, during said first
portion (t2,t3-t4,FIG.2d), a high impedance that is interposed
between said supply inductance (W1) and said retrace resonant
circuit (100).

15 .

4. An apparatus according to Claim 1 further
characterized by, a flyback capacitance (C1) coupled to said supply
inductance (W1) to form a flyback resonant circuit (25') that is
coupled via said second switching means (Q1) to said deflection

20 winding (LH) during a second portion (t1-t2,t3,FIG.2d) of said first

: retrace pulse voltage (V4). |

5. An apparatus according to Claim 4 characterized in
“that said resonant circuits -_(251,100) have, each, substantially
25 equal resonance frequencies.

6. An apparatus according to Claim 4 characterized in
that a resonance frequency of a combined resonant circuit
(251,100) that includes said supply inductance (W1), said

30 deflection winding (LH) said first retrace capacitance (Cl) and said
flyback capacitance (C2) is substantially the same as that of said
retrace resonant circuit (100), alone.
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second switching neans (QLl) is nonconductive and that is coupled 25
. through said second switching neans to said retrace resonant circuit
when said second switching neans is conducti ve. 1. An
apparatus according to Claim21 further. 12 - chara(“m"muu"m”"l","F
phase-control -stage (P/0,101) responsive to 30 - sdid¢fikst™input* signal
(H err]) and to a feedback retrace pul se voltage (V4a) that is
coupled fromsaid retrace resonant circuit (100) in a manner t hat
bypasses said supply indugt appar at ys.
according to Claim charz g‘r“l 2pparagss ac??fdf%tlosgfadmsé hﬂpg\ﬁ"‘?&&
means (Ql) is coupl eaidi lsuppzlryl eésdwitamce (W1) saimprisesst puiittachi wgldmgnsf (@)

during a t.r ace ROFlybaPk Ofrafdbfmer, whePihCRaiieitaASidAECYE) Ss coupled to

o

5 an ultor terminal (ULTOR) forming a load with respect to said
transformer that varies in accordance with a beam current
variation and wherein said second switching means (Q1)

decouples said retrace resonant circuit (100) from said load.

10 - 8. An apparatus according to Claim 1 characterized in
that said second switching means (Q1) operates in a
nonconductive state during said first portion of said first retrace
pulse voltage (t2,te-t4) and in a conductive state during a second
portion (t1-t2,t3) of said first retrace pulse voltage (V4).

15 :

9. An apparatus according to Claim 8 characterized in
that sa1d first portion (t2,t3-t4) follows said second pomon (t1-
t2,t3) durmg a given retrace interval.

20 ' 10. An apparatus according to Claim 1 characterized

in that said supply inductance (W1) comprises a winding of a
flyback transformer (T) that is decoupled from said retrace
resonant circuit (100) by said second switching means when said
second switching means (Q1) is nonconductive and that is coupled

25 through said second switching means to said retrace resonant
circuit when said second switching means is conductive.

11. An apparatus according to Claim 1 further
characterized by, a phase-control-stage (P/0,101) responsive to
30 said first input signal (HS) and to a feedback retrace puise voltage -
(V4a) that is coupled from said retrace resonant circuit (100) in a
manner that bypasses said supply inductance.

12. An apparatus according to Claim 1 characterized

35 in that said second switching means (Q1) is coupled in series with
said first switching means (Q2) during a trace portion of said

given deflection cycle.
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- 13 - 13. An apparat us accor di ng to Caiml
characterized in that each of said first (@) —and—second—(Q—

swi t chi ng neans operates at a horizontal rat erein
sai d second swi t chi ng neans becones noncond I‘“H@me 'iﬂjlimd retrace
5 interval, at an instant (t2,t3) thal3 varies- | a cvent

parabolic manner to provide pincushion distortion correction.

14. An apparatus according to Claim1 further characterized by, neans

responsive to a signal [g}a véint ppparajust ecaardigg De) Claim pr sHaractegizedcont r ol
si gnal (8{?) at ha; ﬁﬁﬁltt ea&h tedr sdidafirst (%2)( bafgs)eceﬁdsgm §@ﬁeﬁﬁl.t Sﬁ}etaﬁbl ngl
neans suc e n g sai d,contr si gna
varies in accoragﬁ%aeﬁl\natlhggha rgzontal raﬁ Fﬂf) hcrem said “secon 8
switching means becomes nonconductive,. within said retrace
S interval, at an instant (t2,t3) that varies in a vertical rate

parabolic manner to provide pincushion distortion correction.

14.  An apparatus according to Claim 1 further
characterized by, means responsive to a signal at a vertical rate
10 (iD6) for producing a control signal (V3) at a control terminal
(base) of said second switching means ('Ql) such that a leading
edge (12,t3) of said control signal varies in accordance with said
vertical rate signal.

15 15. An apparatus according to Claim 1 further
characterized by, a load circuit (anode of CRT) coupled to said
supply .inductance (W1) and energized by said flyback pulse
voltage (V2) wherein said second switching means (Q1l) forms a

- high impedance that reduces mouseteeth distortions by reducing

20 energy transfer .from said retrace resonant circuit to said load

circuit (100), during said retrace interval.

. 16. An apparatus according to Claim 1 characterized
in that said first (Q2) and second (Q1l) switching means are
25 coupled in series, during a portion of a trace interval of said
deflection cycle and wherein said supply inductance (W1), said
second switching means (Q1) and said retrace resonant circuit
(100) are coupled in series during a second portion of said first
retrace pulse voltage.
30 :

17. An apparatus according to Claim 1 characterized
in that said second switching means (Q1) decouples said first
retrace pulse voltage (V4) from said supply inductance (W1) and

_ said flyback pulse voltage (V2) from said retrace resonant circuit
35 (100), during said controllable first portion (t2 t3-t4) of said
retrace pulse voltage.
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vertical rate signal. 15 " An appar
.- Caim 1 further characterized by, a Ioad CII’ &“ﬂg
coupled.to said supply inductance (W) and en yback

pul se vol tage (V2) wherein said second switchi ng means (Ql) forms a
hi gh i npedance that reduces nouseteethydi stortions by reducing 20 : energy
transfer from said retrace resonant circuit to said | oad circuit
(100), during said retrace interval. 16. An apparat us

according to Caim1l chamactgridedision ddffectivat a{spardtds resmpi@ingand second
(QL) switching neans are %éur&ccﬁﬂl%' Al (E:’wﬁFlrun sSlgWEe(ﬂg)aathrﬁénﬁﬂggg

trace interval of said t1an rei’n said

i nduct ance (WLjR3tsii gelated te e difat m&e@npngfrﬁsaﬁ%cx &MNand said retrace
resonant circuit (1D0ktrace eeopidcirbuie( 1@, ducluwiing =eatedledtipar ti on
of said first winding®YLHeaRY! 5FiréP bR cdPacitance (T2

a source of an input supply voltage (B+); _

a flyback transformer (T) lhaving a winding (W1) that
is coupled to said source of input supply voltage for developing,
during a retrace interval, a flyback pulse voltage (V2) in said

10 transformer that is coupled to an ultor terminal, such that a
current (11) that is indicative of a beam current is generated in
said winding, durmg a trace interval;

first switching means (Q2) responsive to sald first
switching signal and coupled to said retrace resonant circuit for

15 generating a deflection current (iy) in said deflection winding (LH)
and for developing a first retrace pulse voltage (V4) in said
retrace resonant circuit (100), during said retrace interval of a
‘given deflection cycle;

second switching means (Ql). responsive to a switching

20 control signal (V3) and coupled to said winding of said
transformer and to said retrace resonant circuit for decoupling
said transformer winding from said retrace resomant circuit,
during a controllable first portion (t2,t3-t4) of said first retrace
pulse voltage; and characterized by

25 means (R1,R8,Q4,Q3) responsive to said current in said
transformer winding that is generated during said trace interval
for generating said switching control signal that varies during said
retrace .
interval to vary an amplitude of said deflection current in

30 . accordance with said transformer winding trace current.

19. A deflection apparatus according to Claim 18 _
characterized in that the variation of said deflection current (11)
compensates for a variation of an ultor voltage (ULTOR) developed
35 at said ultor terminal to prevent raster width variation.
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. .An apparatus according to Caim 1 char ath sai d
. second swi tching nmeans (Ql) decouples said fir retrace pulse
vol tage (V4) fromsaid supply inductance (W) an “““““Eack pul se
vol tage (V2) fromsaid retrace resonant ci rcwt ﬁ“‘”\mum g said
controll abl e f| rst portion (t2,t3-t4) ofjssaid : "= cret-rate bul’se vol t age.

- 14 -

10

15

30

35

20. A deflection "apparatus. with beam positioning
error correction, comprising:

a source of a first input signal (HS) at a frequency (f{{)
that is related to a horizontal deflection frequency;

a retrace resonant circuit (100) including a deflection
winding (LH) and a retrace capacitance (C2);

a first transistor switch (Q2) responsive to said first
input signal and coupled to said retrace resonant circuit for
generating a horizontal deflection current (iy) in said deflection
winding and a retrace pulse voltage (V4) in said retrace resonant
circuit (100); _

a flyback resonant circuit (251) including a supply
inductance (W1) for generating a flyback pulse voltage (V2) in
said supply 1nductance,

~a source of a second input signal (iD6) at a frequency
that is related to a vertical deflection frequency;

a second transistor switch (Q2), coupled in series with
said first transistor switch during a trace interval of a given cycle
of said horizontal deflection current, said second transistor switch
coupling said resonant circuits during a first period (t1-12,t3) of
said deflection cycle and decoupling said resonant circuits during
a second period (t2,t3-t4) of a retrace interval of said deflection
cycle that varies 'in accordance with said control signal, such that
during said second period, said flyback pulse voltage is developed
at a first main current conducting terminal (SOURCE) of said
second transistor switch and said retrace pulse voltage is
developed at a second main current conducting terminal (DRAIN)
of said second transistor switch; and characterized by

means (C8,Q4,Q3) responsive to said retrace pulse
voltage and to said second input signal for generating said control
signal such that said control signal is obtained from said retrace
pulse voltage by time-shifting a transition edge (leading edge) of
said retrace pulse voltage via a signal path that excludes said
supply inductance.
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18. A television deflection apparatus, conprising: ' a
source of a first switching signal (H[err]) at a frequency - that is
related to a first deflection frequency (2A); a retrace
resonant circuit (100), i ncluding a defiEctlon 5 wnding (L[err]) and a
first retrace capacitance (C2); - & SQuFee--of—ah-.lnput
supply vol tage (B+); a flyback trangflbdSHEET)HASaBERN | a
~winding (W) thasTER DISTORTTOR CORRECTION EIRCUETOS |i nput RERMMGER vol t age
for devel opi ng; during a retrace 1nterval, a flypatk—purse—vottage

(V2) in said 10 transformer that- is ABSYRACTo an ultor termnal, such

that ‘a current (1l)a4 ?ﬁst'@gk{‘%ﬁi’éﬂl &Lnasp&ﬁggllwrsaﬁplea

generated in said wn urin ace I n
first switchi ndetwsnn eQﬂybnebptmsf\sa@meﬁ peimary; veinding (Wilianthiag si gnal

and coupl ed t o horiZbntsl r@fﬁ:cb@%%iﬁutﬂfa@n‘dis‘tof Qflré'u@ i_lbmzﬁtt'onﬁoﬂ%rol
defl ection gurre on
devel opi ng flng'f’cﬁ(’ e%/'}e&'éé( E‘Rn a%lqna?@ f\ﬁl 5§ ﬁng on of ther asﬁl&ctlon
resonant ci rcwar(eﬁlﬂO)ampMudngasare;Qmmdaﬁw EaseiWest qﬂneushlon ragteren
deflection cyCl@rection. The East-West switching transistor isolates a retrace
resonant circuit (100) that includes a horizontal deflection
winding (LH) from a flyback resonant circuit (W1) that includes
10 the flyback transformer during a portion' (12,63-t4,FIG.2d) of
~ retrace. The deflection winding is coupled to -a common conductor
to permit the use of a retrace #oltage sample(V4), developed in
*  the deflection winding and coupled to the East-West switching
transistor, to control the switching operation in a manner that
15 bypasses the flyback transformer. A resistor (R1) coupled in
series with the primary winding develops.a voltage (VC7), during
trace, that is indicative of beam current. The resistor voltage is
coupled to the East-West switching transistor to prevent beam
current variation from causing raster width variation.
20
FIGURE 1
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second switching nmeans (-Ql) responsive to a switching 20 control signal

(V3) and coupled to said winding of said transforner and to said

" retrace resonant circuit for decoupling said transformer w nd| ng from
said-retrace resonant circuit, during a controllable first E’ﬁ i on
(t2,t3-t4) of saldflrst retrace | se volta i zed
by 25 nmeans (R1l, R8, 4, responsi ve %ﬁm lﬁﬂgag@ﬁ n said
transformer winding that iis generated during said tirace mter% for
generating said swtching control 0 ignal that varids {duftPnduws
retrace interval to vari | i proebgALOof sai A defl ectiogp. curdent in
3 0 accordance wi th sajBASgQ4an ﬁmf wAﬁBﬂSﬁmtrace curTent .
19. A deflection app aﬁ.i\(spaoc oAl ai m 18 | ChaLastert~zed in
that the variation g —ctefbart |4 aTGENTER (11) conpensates for a

vari ation of anHod RAMP&VOl t ag [ | :‘]_,-:-:--- oped 3 5 at said ultor
term nal to prcRROAVOLTAESt er Wi aty

VOLTAGE
REF.
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20. A deflection apparatus W th beam p05|t|on|ng error correction,

conpri si ng: a source of a first input signal (Herr]) at
a frequency (f[err]) that is related to a horizontal deflection
frequency; 5 a retrace resonant circuit (100) including a
defl ection - winding (LH and a 2¢3race capacitance (C2);

a first transistor switch (@) responsive to said first I nput signha

and coupled to said retrace resonant circuit for

1150V p.p.

2.5Ap.p.

F
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F
F
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“generating a horizontal deflection current (iy) in said defl ection 10
w nding and a retrace pul se voltage (V4) in said retrace resonant

circuit (100); a flyback resonant circuit (251) including
a supply i nductance (W) for generating a flyback pul se voltage (V2)
in said supply inductance; 15 343 _ a source of a second

i nput signal (iD6) at a frequency that is related to a vertical

defl ection frequency; a second transistor switch (@),
coupled in series with said first transistor switch during a trace
interval of a given cycle of said horizontal deflection current, said

second transi stor SMAth/2Q7V coupllng said resonant circuits during a
first period (tl-t2,13) {Oof 3 ection cycle and decoupling said
resonant circuits ddring $ nd period (t2,t3-t4) of a retrace
interval of said defll ection DRt varies in accordance with said
control signal, such that 2iig4B8cond period, said flyback
pul se voltage is deyel oped t main current conducting

term nal (SOURCE) of said - %@%istor switch and said retrace
pul se voltage is :

+ T0 FiG. 1

FIG. 3
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d-at SEA&GHW%Ter pr%!m“ﬂnN? 9601 6elr?n nal ( DRAI N)

cond transi-stor. switch; arng charactieri zed by

of

nedns (("R Q. B) responsive to-s id retrace pu[ se...3.0 vgol tage and _to sai
@EWW@W’*M generating said control . signal such that
' ] Sai €lrace purse-vortage by|
tinme-shifting a transition edge (leadi ng edge) of - .said retrace pulfse
voltage via a signal path that excludes said 5

RASTER DISTORTION CORRECTION CIRCUIT

An East-West switching transistor (Q1) is coupled between a flyback transformer primary

- winding (W1) and a horizontal deflection output transistor circuit (Q2) to control retrace

energy to obtain an East-West modulation of the-deflection current amplitude as required for
East-West pincushion raster correction. East-West switching transistor (Q1) isolates a retrace
resonant circuit (100) that includes a horizontal deflection winding (Ly) from a flyback
resonant circuit (W1) that includes the flyback transformer (FBI) during a portion of retrace.
The deflection winding (Ly) is coupled to a common conductor to permit the use of a retrace
voltage sample (V4), developed in the deflection winding (Ly) and coupled to the East-West

switching transistor (Q1) to control the switching operation in a manner that bypasses the -
flyback transformer. A resistor (R1) coupled in series with the primary winding (W1)

develops a voltage (VC), during trace, that is indicative of beam current. The resistor voltage

suppl y i nduct ance.

is coupled to the East-West switching transistor (Q1) to prevent beam current variation from .

- causing raster width variation.

Fig. 1
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