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relates to a protection apparatus for a deflection circuit. .

The invention may be utilized in, for exanple, a 5 - deflec N Gl
whi ch the anplitude of a deflection Xﬁurrent may be var&% % a%ed/

over a relatively wde- range for correctlng a raster distortion. .

Modul ati on of Eﬂl@ﬁ Fﬁb lg&qj bl e -for
pur poses such as, ?gngég%§ correction of ou Sl nd 1 |g§|de
east -west pi ncushi on dmbaérmmntlon relates to 18 REQ4GLion ARRAIAHUA
defl ection CEBQUhtdeflectﬂshuéggcaﬂtputput stage conprising a deflection

first switeh, “a horizontal 0sh' S5y’ 80 YELIG A, %dd Whmple, a
' 5 deflection circuit in which the amplitude of a deflection
" current may be varied or modulated over a relatively wide
range for correcting a raster distortion. Modulation of

the deflection current amplitude may be desirable for
purposes such as, for example, correction of outside and

10 inside east-west pincushion distortion. '

Typically, a horizontal deflection circuit

' includes an output stage comprising a deflection first

7 switch, a horizontal deflection winding and a trace
capacitance that supplies deflection current to the

15 deflection winding during each trace interval. A first
retrace capacitance is coupled across the ‘deflection |

~ winding during the retrace interval to form a retrace
resonant circuit. Energy 1s replenished- durlng retrace via
a flyback transformer.

20 In a horizontal deflectlon circuit embodylng an
aspect of the invention, a modulation switching current 1s
formed by the operation of a bidirectional modulation
second switch, during retrace. The modulation second
switch, coupled to the retrace resonant circuit that

25 includes the first retrace capacltance, has a condnctlon
time that is phase modulated, during horizontal retrace, in
accordance with a vertical rate parabolic voltage. A
second retrace capacitor is coupled in parallel with the
modulation second switch. The modulation second swi;ch is

30 conductive during the trace interval and is turned-off at a
controllable instant during retrace. The modulation second
switch forms, when con ductlve, a low impedance across the
second retrace capacltor that clamps the voltage across the
second retrace capacitor to zero. As a rgsult,.a

35 controllaﬁle retrace pulse voltage havingtan amplitude that
is controllable and a width that is variable is developed
across the second retrace capacitor when the modulation

+PROTECTI ON ARRANGEMENT “OF A DEFLECTI ON CI RCUI T Thkests i h\‘/”é@
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second switch is nonconductlve durlng a,portlon of retrace.

..\!
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~éapébitance that supplies deflection current to the 15 defl ection w nding

during.each trace interval. A first- retrace capacitance is coupled
atross the defl ection wi ndi ng during the retrace interval to forma
retrace r esonant ci rcui t. Energy i%2Tepl eni shed duri nR¢et&S%@3j a

a flyback transforner. In a horizontal deflection circuit

enbodyi ng a t e | Lt.chls urrent
i's for r’rggeb);e?%%%g ‘e’rggf'gg €¥8Q% gﬂ ec?g%nalﬂwﬁé%%paml%fsecond
swi tch, duri Ngriesr &be. margal‘n'@éel efi anretrape voltage,that budsvwalaped he
Let race rgso't&%&bs‘é' thel Fithat ré’ératécbéﬁﬁérg@f iﬁ% St]aﬁ eﬁﬁfé?ﬁd ,paCIt t F‘”Ce
as a conduction nodul at e uri or a
retrace, in VlQ@ﬁthﬁméssevF?ﬁ éegg %‘P vig %r%‘bﬁ?‘?’gt “égfg:
second r&trase aspioi torrestcfopl edtsideaand! thsidé hpieushion nodul ati on
second S“‘tCGFsIB ¢§ggul ation second switch is 30 conductive during the
alr~an

trace interv 'S turned-off- at a controllable instant during
retrace. The nodul ati ofhgeEbrat and segprdhswitekes itash herfrmed &Y a | ow

-inpedance acrragst! BAd secondCePafisiStEACHULERRES | Ofedpidt NS tHik Vol tage
across the
' are coupled in series during a portion of given deflection
10 cycle. It may be desirable to protect the first and second
: transistor switches against an over-current condition. It
may also be desirable to protect the first and second
trans1stor switches against an over voltage condition.
' ' A television deflection apparatus, embodying a
15 feature of the invention, includes a deflection resonant
circuit that includes a deflection winding and a retrace
capacitance. A source of an input first signal at a
frequency that is related to a first deflection frequency
is provided. A first transistor operating as a switch and
20 being responsive to the input first signal and being
coupled to the deflection resonant circuit is used for
generating a deflection current in the deflection winding
at the first deflection frequency. A second transistor
. operating as a switch is coupled to the resonant'circuit
4 25 andto the first transistor switch such that during a given
deflection cycle the first and the second transistors are
conductive and cbupled in series. A source of an inpuf
supply voltage is coupled to the first and second
transistor switches for generating a current that flows -
30 through'both the first and second transistor switches when
both the first and second transistor sw1tches are
conductive and coupled in series. A source of a modulation
second signal is -coupled to the second transistor for
modulating conduction thereof in accordance with the second
35 signal. A control signal that is coupled to a control |
terminal of the second transistor switch is generated. The
control signal substantially reduces the flow of the

e
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second retrace capacitor to zero. As a result, a 35 controllable retrace
pul se vol tage having an anplitude that. Is controllable and a wi dth'
that i-s variable is devel oped across the second retrace capacitor
when the nodul ation second swi t ch 935 nonconductive duRFAg8&,8d38ti on
ot retrace. - -2- The retrace
vol tage across the seégpd retrace.ca aC|to varies,the magnitude of a

retrace vol t SgRFFeRE FREQRGR | the £1ir zfé!do@qq‘?@ ﬁr@?lFE'PFaE'UlEﬁBﬁEl t or
and, in this wiegn the mmdessig'tm]das rrshedaftedct i on wi ndi ng current

gpgg{)ﬁ lon 5 so as torgofddstadiie Wi thUnctiily Tala R’ B 0"
invention, a switching arrangement is coupled to a terminal
5 that is coupled between the first and second transistor
sw1tches to provide an over-voltage protectlon

In the Drawing: :

FIGURES la-lh illustrate idealized waveforms
useful in explaining the circuit of FIGURE 2;

10 FIGURE 2 illustrates a deflection circuit,:
embodying aj aspect of the invention, that includes outside
pincushion correction arrangement; and

FIGURES 3a-3d illustrate waveforms useful in
explaining a current protection feature of the circuit of

15 FIGURE 2.

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
(CRT) type A66EAS00X01. Circuit 250 includes a switching

20 transistor Q1 operating at a horizontal frequency f7 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 diodefDQl. A

| deflection winding Lg is coupled in series with an '

4 25 s-shaping trace capacitance C, to form a circuit branch
that is coupled in parallel with each of tramsistor Q1,
diode DQl and retrace capacitance Cl to form a retrace
resonant circuit 100 during horizontal retrace.

A phase-control stage 101 that includes a

30 horizontal oscillator and a phase detector, not shown in
detail in FIGURES, is responsive to a horizontal _
synchronizing signal H. Signal Hy is derived from, for
example, a video detector of a television receiver, not
shown in the FIGURES. Stage 101 applies, via a transistor

35 @6, a drive voltage 10la to a primary winding T2a of a
driver transformer T2 that is transformer coupled to a
secondary winding TZb of transformer T2. Winding T2b is
coupled via a voltage divider, that includes resistors Rl
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The \:f'i rst and second switches may be formed by .first and second

t ransi stor switches, respectively, that are coupled in series during a
portion of given deflection 10 cycle. qg may be desirable tgh rob t the

tirst and second transi stor sw tches ‘dgai nst an over - cuRC&n B3¢ i tion.
It - may al so be de5|rable to protect the first and second tran5|stor
SW t ches agai I g&g &%@t VI

defl ection ap%géa us, }S él’? ?"}nl?rtelo& tin trarrll\?e]'nt [ ole(il nc udes a
“defl ection reBéﬂ@WElng "2 Qﬁ% 1Y¢laﬁuﬁmthdq,s at ¢ bemigenkaldi ng and a

t A f t
1[(rae(r:|3;(ra1cy t h eI afg%i,gfgwmﬁﬁ£€$%lgﬁ:gg :‘:trf&tau?r}gyzsol‘;g ; 1R@ow ded.

A first trans
i nput firSt sagdathendobbec@pr of tramsistdo Qlhe  deldesnnidary eximding W

[ It leect def |
Wnding - U°6F FRinscomeflR e Wbdhild &F SCihe o1 He pEoviags | oo On
operating as feedpack #'%%I%’eﬂlﬁal tthe §Q& @anaratiing,driye voliageo t he

first transi Sl@lasuh&ﬁf‘sﬁn@m'dﬁﬁesitalml&cﬂimn deflecd.qUxﬁwqul e the
first and thensle‘g{)n gl’,aﬂ;I tosrfgx?aleﬂ .
- 10 ' A switched raster correction circuit 200,
embody1ng 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
15 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
20 R10l. 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 the
ground conductor. A retrace voltage V generated across a
25 w1nd1ng w; of transformer Tl 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
30 explanation purpose represents a first extreme operating
condition in which tramsistor 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-West correction. As
35 _explained’later on, current 12 is at a maximum peak-to-peak °
‘amplitude, in this case.
' A second hypothetical example that is also used
for explanation purposes; represents a second extreme
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conduct i ve and coupled in series. A source of an input supply vol tage
I s- coupled to the first and second . transistor switches for generating
a*current that flows 30 t hrough both the first and second transistor
sw t ches when " both the first and set¥hd transistor swit 3
conductive and coupled in series. ‘A source of a nodul ati on, second

| he . t $l dul.at d
thereof in acBorbakend, FoRAERIou L8 WhELE swliching RS g is oy
i's coupl ed tocutefft tbroughouttennen'airofrem@mmaa]nsum cnheswetadnd s

gegersgéecliggghéxample,C&ﬁi‘iﬂb BbtPabe SURSHALE | @f'ne&ﬁfﬂiﬁ?%lt ifitleowf the

formed. The first one, retrace resonant circuit 100 of
5 FIGURE 2, includes retrace capacitor C1, winding LH and

trace capacitor Cg. The second resonant circuit includes
flyback transformer winding w and retrace capacitor C2
that are coupled in series. Con51dered separately, each of
the pair of retrace resonant circuits is tuned to a

10 frequency that is lower than a required nominal retrace
frequency. The resonant 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

15 the required nominal retrace frequency that is,
illustratively, 43 Kiz in the PAL system.

As explained befofe, eecondary winding W, of
transformer Tl provides horizontal synchronizing retrace
signal H,.. Each pulse of signal H, represents the retrace

20 interval in deflection winding Ly- Horizontal
synchronizing signal H, is coupled to phase-control-stage
101 for providing feédback synchronization information.
The synchronization information contained in the pulses of
signal H, is indicative of the phase of current i2 in
25 deflection winding Lg- Signal H. and horizontal sync
pulses H are used to adjust the phase and the frequency of
the horlzontal oscillator output signal that is included in
stage 101. .
| B In the second hypothetical example, primary
30 w1ndang W of transformer Tl is coupled to retrace resonant
circuit 100 through a capacitive voltage divider that
includes capacitors C1 and €2 to form the combined resonant
circuit. The combined retrace resonant circuit enables
" proper synchronization without causing mouseteeth '
35 dlstortlon. _The advantages of forming such combined
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™.
' i




.current through the first and second transistor switches when t he

control signal is generated. I n accordance with anot her
feature of the i nvention, a switching arrangenment is coupled to a
terninal 5 that is coupled between the- %rrst and second t rReki8% 13
swi tches to provide an over.- voltage protection. In the
Dr awi ng: FI GURES | a-1h |IIusErate | deal i.zed yavei or s
useful in explaining tPMANG Fracsy euEyapty 11140 winding FE 2

il lustrates ahwhigictiransiistos Q1 and modghngransaspertngtommm@nt i on,

" that include | [ t

H aURES. 5o sl Heera \/vdi/e%gb%&&n 45 hak! 2Bug" Eﬁ‘g?&gﬁl Ao gagﬁ?lr' et
protection fadiae £lows thrgughiicapgciter CIZG@REIQtrace current i, A and
horizonta deidfudd ) rdtrddd voitade W, GtJBEba develoﬁéh?d&‘rﬂﬁs apepagst Of

the invention, provides horlzontal flection in or exanple, an FS

col or cat hod&W’t‘iﬂfe C2. (CcrM type A66EASOOX01 Circuit 250 includes a
swi t chi ng 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. The:efore,:voltage Vl"

10 is, advantageously, substantially unaffected by the
East-West modulation. Retrace voltage V,, developed across
w1nd1ng LH and ‘across capacitor Cl, determines the
'amplltude of deflection current 12. Retrace voltage V4 is
equal to retrace voltage V1 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 hypothetical example in which transistor Q2 is
nonconductivg throughqut_retrace, voltage V, is at a
maximum amplitude. Consequently, voltage V, amplitude is

“at a minimum and deflection current i2 is also at a minimum
in the second hypothetical example.

25 . Modulation of deflection current is obtained by a
modulation of the turn-off instant of transistor QZ"during
the first half of the retrace interval in a way that
mouseteeth distortions are reduced. By selecting the
value of capacitor Cl to be, for example, approximately

30 twice that of capécitor c2, 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,
and during the second portion of retrace, when transistor

35 Q2 is nonconductive. Consequently, the phase of voltage V,

- in winding wi relatlve to that of deflection current 12 is
unaffected by the conduction state of trans;stor Q2.
Modulation of the turn-off instant is permissible because
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20 transistor QL operating at a horizontal frequency f[err] and an
anti-parallel danper diode.Derr], both being constructed as © one
iftegrated circuit. A retrace capacitance Cl is - coupl ed in parall el
with transistor QL and 'diode Dierr]. A =7= deflection wi nd®Gg85.&3 is
-coupl ed in series with an 25 S-shaping trace- capacitance Clerr] to forma
circuit branc ar.a

| ed_i f :
di ode Dl err] gﬁa'hr &%afgtfﬁﬁégﬁgﬁﬁcghgl tﬁe#ﬁ??ﬁ &’a(ra%e r0 tr%ﬁsé‘ﬁ[ o

circuit 100 déromgvedtagenVyl inewinding W, of transformepiTsearsmntrol stage
101 that incl Hﬁ%%n%a%gou%i%ozQﬂbéhaﬁﬁfaﬁf‘tﬁiaf’f@c@eé’lwwtsﬁﬁﬂg 010t

shown in det_ ai RES, is responsive,to hor’ zont al
synchr oni zi ngCORGHStapce, PE. tERRRAFLRE Q4] FUring Xekragem for
exanpl e, § video detect PIGURES laktki $1Dustrate idealiied wavadfiotms n the

Lo a primary Beedihochs, 83p14iRiy EABCLELALIGR obiind' dlfiiy Gl noe 100
transformer cESGUBE 2o aSimilarcsymbaly anddumerls din (FIAVRES 2e@md in
\évlnd' g T2b i §1GURESCRHPARTiNlECatYOkiRTEas Y&l -of NBiIndtiTnyles resistors
| E-W control circuit 300 of FIGURE 2 generates a
10 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 V, is phase modulated in the range t,-t; of FIGURE
. la. Thus, switching transistor Q2 of FIGURE 2 is
15 ' conductive prior to time t, of FIGURE la and switched into
cut-off after time't2 at the phase modulated instant within
the range tz t3. When conductive, transistor Q2 clamps
retrace voltage V, to zero'and varies the instant when the
geperation'of voltage v, occurs.
- 20 Current 11 in winding w of transformer Tl of
' FIGURE 2 flows into resonant 01rcu1t 100 that includes
winding LH and capacitor Cl. From resonant circuit 100,
current i, splits and forms. current 13 and current i, when
. transistor Q2 of FIGURE 2 is nonconductive. When
25 transistor Q2 is turned-off, the decreasing current i4 of
FIGURE 1d charges capacitor €2 of FIGURE 2 until time t of
FIGURE 14, occuring at the center of the retrace 1nterva1
when currents i, and i, become zero. As a result, voltage
- Yy of FIGURE le reaches its peak amplitude at the center
30 of retrace. During the second half of retrace, negative
current 14 of FIGURE 1d, that becomes increasingly more
‘negative, discharges capacitor €2 of FIGURE 2 until voltage
V2 becomes negative. Wwhen voltage V2 becomes sufflclently
. negative, diode DQZ starts conducting and clamps voltage V2
35 to -0.6 voltage, the forward voltage of diode DQZ'-
' The correction of outside pincushion distortion
requires a higher amplitude of deflection current 12 when
scanning lines at the center of the raster than at the top
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and R2,. to the base-emtter junction of transistor QL for produci ng a

base drive current i[err] at the horizontal frequency flerr]. A primary
wi nding Werr] of a flyback transforpger Tl is coupled betwee ource
of a B+ voltage 5 and the collector of "Pfansistor QL. A @1 i ndi ng
2 of transfornmer Tl is coupled to stage 101 to provide a f eedback

Gynchr ot zes OF msiomly A G3E BBl oR9cHl) ¥Ester Mfansistittod B (o0 )
to signal H érugnerhoff at time ty ofi FIGUBE: d3i ethatrisctherearliest. 200,
enbodyi ng a figsaitdde Qf 0fe FIGURK 1@ sthttkUe8SiAbrEa¥é after time t,.
: After the center of retrace occurs, voltage V2 decreases
5 until it becomes zero at time tg- Because transistor Q2 is
turned off at the time tz at the top of the raster, the
peak amplitude of voltage'Vé is at a maximum; consequently,
the peak amplitude of voltage vV, of FIGURE lf is at a
minimum. From the top toward the center of the raster,
10 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
increasing peak amplitude of voltage V, and an increa;ing'
15 peak amplitude of deflection current i2 At the center of
the raster, voltage V2 starts increasing at time t3 of
FIGURE le and becomes zero at time ts of each horizontal
period. From the center toward the bottom of the raster,
the turn-off time of transistor Q2 of FIGURE 2 is
20 increasingly advanced from time ty to time t, of FIGURE la,
resulting in an increasing voltage v, of FIGURE 2, a
decreasing voltage Vy and a decreasing deflection current
12. Thus, deflection current i2 is proportional to retrace.
voltage V, and inversely proportional to retrace voltage V,
25 that is modulated in accordance with the turn-off instant
of transistor Q2.

The falling edge of voltage Vs of FIGURE 1la is
phase modulated in a parabollc manner at a vertical rate to
obtain the vertical rate envelopes shown in conjunction

30 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.

. ' The center of the retrace pulse waveform of

35 voltage Vé during horizontal retrace is maintained the same
relative to the center of horizontal retrace time t,
throughout vertical scan. Thus, voltages V, and V, of
FIGURE 2 are maintained in phase with respect to voltage
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control circuit 300 that controls the switching tinmng of a swi t chi ng
transi stor 2. Transistor Q is conductive . throughout the trace
interval and becones nonconductlve 15 nglng a controllablgcé Eéa§83mnth|n
the retrace interval. "~ *The col | ector “of transistor 0 to a
junction termnal 50 between the emtter of transistor QL and

retrace capagytor éﬁ@gaéa coupled to
ground vi a aq’s]rm %uﬁoﬁgagﬁf (Hdrvtem t“?’%”%%&m% géfrr?)gr di ode

D err] coupl é’EF-"rrht R GYITRRt dpsiructed with
transistor Q2 as one Signdll ¢l devdl ewnabroésswenadnge apcovzaaaeltor C2

' I I d d
conductor . - ATIRTS AR O£ IHE phagel, 32 ﬂegﬁo@”ﬁa%ﬁsnwmg”’“”
transforrier Tignaliljesisa appdiiedltoagtagesd@l for synchromiainggthe ultor
voltage in arhd!’fﬁnﬁ%l"‘%sc’%‘.‘lﬂmﬁbr of stafye Hdk ‘tBCLs?ﬁESREQSEﬁfﬁ' ”8 dipdes,

not shown in th etSca exanple

that is used ¥ %@W@Jm al%qa&?ept‘ﬁ%étpé'ppgsé:RPPlﬁsf WF-§€11€9t Vent
operating  windinylif ao iforahi eh conbivied esOiant tirtudtpedheopHuséi ve

information of signal Hr is substantially identical to that
10 of deflgqtion current iz' Further advantage is provided by
the switched operation of transistor Q2 is that inductive
components are not required to be coupled in series with
transistor Q2. Also, the switched operation of transistor
Q2 results in low power dissipation in transistor Q2.
15  Therefore, transistor Q2 may not require a heat sink. An
‘additional advantage over other east-west circuits such as
a conventlonal diode modulator is that deflectlon current
does not flow through a damper diode durlng the second
_ half of trace, resulting in lower deflection losses and
20 - lower asymmetric linearity error. '

As explained before, during retrace, deflection
resonant circuit 100 is coupled to flyback transformer T1
by capacitor C2 having a high impedance, after transistor

Q2 becomes nonconductive. When transistor Q2 becomes

‘25 nonconductive, the ultor voltage rectifying diodes, not
shown, are conducting. The high impedancé of capacitor C2 -
substantially isolates windings Ly and W; at frequencies
associated with mouseteeth distortion that are
substantially lower than the retrace frequency of resonant

30 circuit 100 during retrace; thereby, raster distortions
known as mouseteeth are prevented from occurring. The
manner by which mouseteeth are prevented is further
explained in U.K. Patent Application 8805758, filed 10

: March 1988, in the name of the same Applicant, entitled,

35 RASTER DISTORTION CORRECTED DEFLECTION CIRCUIT.

| Junction terminal 50, between capacitors Cl1 and

'~ €2, is clamped to ground potential by transistor Q2 during

the entire trace interval. Therefore, raster disturbances
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;thfbughout trace and retrace. In this case, defleetion circuit 250

generates deflection current i2 in a manner that is well known but

W t hout East-West correction. As 35 expl ained | ater on, current i2 is at.
.a maxi mum peak-t o- peak anpl i tude,=t¥rthis case. @~ RCA 85,013 A
second hypothetical exanple that is also used for explanation

pur poses, represent a secopg extr s "

S P 1996 eferred to as "Org ipes" doot appeﬂﬁwéﬂqtﬁqugﬁﬂqﬁ on in

\_Nhit ch S;Ni tlchluyget rastest dli.sﬁﬂrbanfes maycoccdf ifirsuchakampingiwere retrace
i nterva n_the on
b u%gﬁ g a..l_ﬁgéﬁi"e ?f gHEifﬂeﬁ@i{%a&ﬁré’n@%f An J,[‘iﬁﬁ;é.'ﬁ

circuits are one resonant. cifrc
the flyback transformer primary current. Such ringings are

. 5 suppressed because transistor Q1 is clamped to ground by
transistor Q2 during the entire trace 1nterva1

~Advantageously, damper diodes DQ1 and DQz may be
constructed with the corresponding transistor using the
integrated circuit technology for further reducing the

10 required discrete components count.

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

' transistor Q2. The differential amplifier that includes

15 transistors Q3 and Q4 compares a vertical parabola voltage
Ve to an exponeéntially shaped ramp portion Ve, of a voltage
Vg having a waveform that is shown in FIGURE 2. The
crossover points of the compared voltages determines the
timing of control voltage'V3 of FIGURE la.

20 To develop voltage Vg of FIGURE 2, horizontal
retrace pulses H 4 of FIGURE 2, developed inh a winding Wy
of transformer T1, are coupled via a resistor R4 to a zener
diode D3. A speed-up network that includes a capacitor C4,

. -a resistor RS and a diode D2 generates a gating pulse Vp,

25 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 Vp,

~across diode D3 is applied via resistors R6 and R7 to a
capacitor C5 and to a resistor R9 for generating the

30 exponent;ally shaped ramp portlon Vsa of voltage V5. . .
Pulsed voltage V5, that includes exponentially increasing
top portion V5a, is applied to the base of transistor Q4. A
vertical rate parabolic voltage Vb of FIGURE 2 that
includes a superimposed sawtooth voltage is coupled from a

3 DC blockxng_capac1tor cc of a conventional vertical
deflection circuit 350 to the base of transistor Q3 via a .

- capacitor C8, a resistor R20 and a resistor R19. Resistors
R14, R15 and R16 provide dc bias to the base of transistor
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5 FIGURE 2, includes retrace capacitor Cl, winding L[err] and trace

capacitor Cerr]. The second resonant circuit includes fl yback
transfornmer winding Werr] and retrace capaC|tor are co Ied in
series. Considered separately, each of -1i=the pair of retﬁ%%%e§%5

circuits is tuned to a 10 frequency that is lower than a required non1na|

orbr e es Sy VBIERge! V5,1 ERARSTE EbEHEaSyRE " SPUEL el RIP D Ane
frequency of base odhmmnaslstganﬁatandrtguenusntegraHLQQe¢a9¢@#ﬁ%%c%ﬁof its

CO”St't“e”tSE&Wvlﬁis”%dﬁeﬁﬁtivetQeéébaéﬂe é&ﬁgiﬁgdtﬂénvéﬁtléﬁirf@ie

ey syope o6 rdbagecy En, trads barabol 18 ALrals ' that des
EﬁrLéopégtnfggfﬁﬁg?g??@@ it capacitor elgnal Herr]. Each pul se of signa
Fbrlzgntal synchr%h%?%%écgpnE§P¥§kg#plgf££§8t gd&%ggi&ge& &&toss .
phase- cont r ola staapding resdstosr Rgr 46i GPHD ¢@edﬁé§kas¥ﬁ%h$ﬁﬂ¥z%}9oﬂnd a
| nformati on. reg U}fn@vn%?:ranbaahb%ornésrfaflaevepapi\n@eg voLtge pw, ses
of S|gna ﬂf%rr I's indicative of the pha of current ﬁ[ itd
having an exponential upramping portion at a pea ude
10 that is determined by voltage V. RS* Voltage Vo is coupled
to the base of tran51stor Q4 of control circuit 300. 1In
this way, Voltage. VRS is also coupled via capacitor C to
the base of tran81stor Q3. Because voltage V,. is applled
in a d1fferent1a1 manner, voltage V RS is prevented from
15 - 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 Vg. The crossover points of
| voltagee Vg and Vg determine the timing of the leading and
20 trailing edges of voltage V5, as indicated before. _
Exponentially shaped ramp portion Vea of voltage
Vg linearizes the east-west nodulator circuit 200 by
compensating for the decreasing level of current'i1 of
FIGURE 1b, during retrace. Linearization occurs because a
25 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 of modulation
of voltage V, near time t; of FIGURE la. This is so
‘because the amplitude of each of currents i1 and i4 of
30 FIGURES 1b and 14, respectively, is higher at time t, than -
' at time t3 and because voltage Vé is proportlonal to the
value of 114. dt. The exponent ally shaped ramp voltage Vg
is steeper near time t2 than at time t3 of FIGURE 1g.
Consequently, for a given voltage variation at the base of
35 tran51stor Q3, the the modulation of voltage V, is smaller
around time t, than around time t3 Thus the exponentlally
shaped ramp portion V5a of voltage V5 linearizes the
operation of E-W rggtgf_goftectzon circuit 200: Resistor

—_—
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-25 deflection winding L[err]  Signal Herr] and horizontal sync

pul ses Herr] are used to adjust the phase and the frequency of t he
hori zontal oscillator output signal thatyis included in E&g %pl
:I'n the second hypot hetical exanple, pmr%ﬂy 30 winding vf%rr %1
fransformer Tl is coupled-to retrace resonant circuit 100 through a

fﬁgagg H) Yﬁe\éﬁhﬁagﬁlgfzw ghe E]@aaverage %ﬁ%&%&a@am té&n?pe@lsa%ﬁ%;{l% go form

e C race resona circult
b oo " D SR vighbr VAELAELOBR 35  hPRELIAN 15F NAAR TR %‘5 |
distortion. thhe mdyapéageseptedotai ag antm#bréﬁthingt may be '

e name of Pie tharbfE8' B angisebR Q3 LAY esr commecT O G RO ?37 "
5 Transistor Q5 of FIGURE 2, having a base that is :
 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
10 transistor Q5 is coupled via a parallel arrangement of a
. capacitor C7 and a resistor Rf for generating a fast
‘transition of a falling edge portion of voltage V3 to ,
obtain a fast turn-off of transistor QZ. The fast turn-off -
allows interrupting current 13 1mmed1ate1y after time tl of
15 FIGURE 1lc and allows using the full modulation range
between time t1 and t,. Illustratively, 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
turn-off delay. The fast turn-off feature may be desirable
20 in a situation that requires a deflection current at, for
example, a higher frequency such as 2xf..

A protection diode D1, embodying a feature
of the invention, is coupled between the collector of
transistor Q2 and a terminal Wla of primary winding Wy of

25 transformer Tl. Diode D1 protects transistor Q2 from
excessive peak voltage that may occur when power is
initially turned on. Transistor Q2 is protecfed by diode
D1 which limits voltage V, to a maximum of 350V.
Transformer T2 has, preferably, 400V isolation capability

' 30 between the primary and secondary wlndlngs.

A remote control receiver 201 generates an on/off
control signal 20la that is coupled to an on/off transistor
switch Q7 of a +12V regulator. When transistor Q7 is

_ nonconductive, an output supply voltage +12V.is generated

35 that causes phase-control-stage 101 to be energized during

power-up. When transistor Q7 is conductive, stage 101.is |
'de~energized that causes stand-by mode operation. During a
tran51t10n to the stand-by mode, phase-control-stage 101,

This Sheet Has Been R,
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.28 SEP1996 , ' - - 6- Duri ng
tyace, current i in winding Werr] flows t hrough transistor QL and
through transistor @2 to-ground. r retrace, curre L [eLr hat
flows through capacitor @ al so flowé' ?hrough capaci torﬁ(&é %’4]&% race
Current 14 and 5 causes a retrace voltage V2 to be devel oped across

EUTAC8  ope A SRIGes pase drive to THE BEBLI b#derfiafetstigoe Vol tage.

V1, devel ope 0ss ‘'t he ser.l es coup e cltor

stabilized Ccauses giriyer, frangdstex; Q s°fe§EPB§§9m¢ﬁe'-F%f’6‘P ebevol tage V1
10 is, advariaged@+dff. substantially unaffected by the East - W\est

or 655 capaci tor Of, | AAGRgndoT, peanBles $hePERansi bl thth REhi: STV

i[err]. Ret r@zp@nacmoagé'-wzmes standeyamode pperatbonolthgge\xpeyr§thlhus

e %°° VO Mg secBrme uttag’ daitg S04 Sralirismcermy U
of FIGURE 2. Thils energy may continge §¥oduc1ng base
current ib in deflection transistor Q1 until a magnitude of
voltage 10la across primary winding-T2a of transformer T2

10 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 to conduct.
Consequently, currents il, i2 and i3 might increase
excessxvely and destroy transistors Q1 and Q2.

15 In accordance with another feature of the
invention, to prevent such a possibility, on/off control
signal 20la is coupled through a resistor R81 and a |
conductor 555 to the base electrode of a transistor Q5 that

_provides base drlve to transistor Q2, causing transistor Q2
- 20 to turn off 1mmed1ate1y 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
both transistors to cease. Thus transistors Q1 and Q2 are
protected.  However, such fast shut-down arrangement may

25 require a fast spot suppression circuit to prevent a beam
spot related damage to the CRT, not shown.

In an alternative protection arrangement,
embodying a further feature of the invention, in which the
aforementioned fast spot suppression circuit,

30 advantageously, may not be required 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 the base of transistor

35 @5, via conductor 555. When such feedback arrangement is
used, the emitter of transistor Q2 is coupled to ground via
current sampling resistor R101l causing current i3-to be
sampled across resistor R101. A resulting voltage V.

—_—_—
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nonconductive, retrace current i[err] flows substantially .entirely as

cwrent i[err] through capacitor C2 and generates retrace voltage V2.
It follows that in the second 20 hypothet;cal exanpl e in %g%yyg stor
@ is nonconducti ve t hroughout retrace, vol t age V[err] I's a

mexi hum anpl i tude. Consequently, voltage V4 anplitude is at a mni mum

and defl ecti an%&bﬁea a[:ebél-, résﬂéﬁeraizml NEShERols the IBhdd YA of
hypotheti cal i on_of defleptlonéfﬁgrent is:

t
e bo BRI EAZ 05 o When, KalERgS. Bos RS LeN LA taR,

duri ng t bxckiedst +haBV, otrahsistoraQ® isteunmed ion dyvssoltege Voc
nouset eet h d| r r e d S élﬂ% g
capaci tor ?ha Eéaﬂgfgeggé QHES dr?%?(lﬁ%t e% ttkﬁf\&ce ;“%1 019I cFarfanchtor

Cc2, and tﬁe vaguéSOilm‘e‘edn&gc@anee of l¢8 mmmgﬂm:t e efAmRbe mat el y
tw ce that ofrggmgtag hielrbquals 1t&BmL etrace frequency remains the sane

conductive, | and dutPglenebaBkcRECTLRERa (i I P aeRA o1 or
35 @ is nonemmdadVantageﬁnsiyqupnotgctskhnﬁMatxanﬁlstnsxgi\4nﬂr92
I'n winding W%&l—. hekabbib1b8 iHLePiedCabrihd SBp UL FIH ddd fdn 'S
10 particular, during the power-up-to-standby. transxtlon. It
should be understood that such feedback arrangement may
also ‘be used together with, or instead of the arrangemént
in which signal 20la is coupled to the base of transistor
05 that was explained before. When, for example, both
15 ' arrangements are used together, current i3 may become
substantially reduced to, for example, zero for providing
the required protection over-current or for providing
on/off operation.
| FIGURE 3a illustrates an envelope of a waveform
20 of current 13 of FIGURE 2 immediately after corresponding
transitions between normal operation power-up mode and
. : standby mode without the protect;on circuit, that would
' occur if conductor 555 were disconnected for disabling the
operation of the protection circuit. Similarly, FIGURE 3b
25 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 i3
of FIGURE 3b is limited to the maximum of 1.8 amperes.
Likewise, FIGURE 3¢ illustrates an envelope of{ie collector
30 current of@hwhen the protection circuit is disabled and
FIGURE 5d illustrates the envelope Of[;ollector currdnt of
;}when the protection circuit is enabled.
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unaf f ect ed by the- e of transistor Q2. Modul ati on of

the turn-off i S|ble because '
28 SEP1996 ’Imm, mm[jui ) -7- - both the retrace tine

and a retrace veltage fréfTvol tage V1 in wiRGA @5 MLDf

transforner T1 are, advantageously, substantial ly unaffected by tpe—\

state of a transistor 2, during retrace. 5 Li

FI GURES Ia-1h%&ﬂ&h§§ gﬂ? al i zed wavef or ns. useful for explalnlng~,H%

operation of the circuit of FIGURE 2. Sim|lar synbols and nunerals in

FIGRES 2 and.in  FlgRER lta1btht599hcaameaéﬁfamsa%t@é functions.
comprising:

a deflection resonant circuit 1nc1ud1ng a
5 deflectlon winding and a retrace capacitance;
a source of an input first signal at a frequency
that is related to a first deflection frequency.
.a first transistor operating as a switch and
being responsive to said input first signal and being
10 coupled to said deflection resonant circuit for generating
a deflectlon current 1n said deflectlon winding at sald
flrst deflection £requency, '
a second transistor coupled to said deflection
resonant circuit and to said first transistor such that
15 during a given deflection cycle said flrst and said second
transistors are conductive and coupled in series;

- a-source of an input supply voltage coupled to
said first and second transistors for generating a current
that flows through both transistors when both trans1stors

20 are conductive and coupled in series;
a source of a modulation. second szgnal coupled to
- said second transistor for modulating conduction thereof in
accordance with said second signal; characterized by
' means (201,555) for generating a control signal
25 - that is coupled to a control terminal (base) of said second
transistor (Q2) for substantially reducing the flow of said
‘current through both transistors (Q1 and Q2) when said
control signal is generated.
.~ 2. An apparatus according to Claim 1
30 characterized in that said control signal generating means
(D10,555) is responsive to said current (i,) that flows in
~ said second transistor (Q2) for generating said control
signal when a magnitude of said current that flows in said
second transistor becomes larger than a predetermined
35 magnitude. - |
3. An apparatﬁs according to Claim 1
characterized in tggg\:ald control 51gna1 generatlng means
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.«E-Wcontrol circuit= of FI GURE 2 generates a 10 pul sed voltage V3 whi ch
drives the’ﬁ’se of &&h Voltage V[err] causes transistor @

fo be condu \\“\‘\\ “&ém\\ “the trace interval . During retrace, the -

«falling edg(\ tagé V[err] is phgse nodul ated in tRGA @1y 2-t 3

of FI GURE - : Thus swi tching transistor Q@ of FIGURE 2 is 15

conducti ve prlor to time t2 of FIGURE | a and switched into cut-of f
after time teomprifesphavesistianaec(R| g athatii isicoupled tin: sewrigs t 2-t 3.

Wien conduct ;yep Lamgsrikﬁe (81§ afl@Ssecond fh2 PCOradisiys/2 L0 Zero and

varies the instant a vol tage v|[err]. occurs.
Current i in winding Qwerﬁ]teo?vgﬁaﬂgfé?gﬂ?CWHPQﬁapégra us Ah :
1 ikeudes a protéUBEoR arpanigemént) esemprisinigcuit 100 t hat

| ud
::EfrgntesF[err]ngld: tng ékge?%ﬁﬁgﬂeﬁaggg{,ﬁg{,%Cﬁrg‘%,d r?"s‘gﬂfl%qur:]cu:/\}weﬁoo
t ransi st or cneﬁieettanWansngoaodndunetvecevmnpaquan¢¢znm|stor QR is .

turned-of f, the decreagi rget ahl
capaci tor 02 of FI, GURE ZQﬁlr’itEFé §8lan fﬁﬁﬁ{ Pirstl-.: & ﬁJlﬁ (])écjcurl ng atythe

(W] I
center of th@hPGtFﬁcEe;ﬁFGQVEP 2 Birst deflection T queﬁc
a first inductance; '

10 - a first transistor switch responsive to said
' input signal and coupled to said deflection resonant
‘circuit and to said first inductance for generating a
deflection current in a given deflection cycle in said
deflectlon winding and for generating a first retrace pulse
15 voltage in said first jnductance during a retrace interval
of said given deflection cycle;

" a second transistor switch coupled to said
deflection resonant circuit and to said first transistor
switch such that during a portion of a given ‘deflection

20 cycle said first and said second transistor switches are
coupled in series;

a source of a modulation second signal coupled to
said second transistor for modulating conduction thereof in
accordance with said second signal; characterized by

25 switching means (Dl).havino a first terminal
(anode) that is coupled between said first (Ql) and second
- (Q2) transistor switches .and a second terminal (cathode),
where a first predeterm1ned voltage level is developed, for .
coupling a maxn current conductlng terminal (collector) of-
30 said second transistor (Q2) to said second terminal
(cathode of'Dl) when a second retrace pulse_voltage.(Vz)
that is developed at said main current conducting terminal
(collector) of said second transistor (Q2) exceeds a second
predetermined voltage level indicative of an overvoltage
35 condition. . .
5. An apparatus according to Claim 4
characterized in that said second termina}_ioatgogeﬁgg_pl)
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.mhen currents—TT?WTT"zﬁETTZfBEEBnE zero As a result, voltage V2 of

FIGJRE |l e reac m@mﬂmul tude at the center 30 of retrace. During
the second hal “ﬁ“‘ ative ~current i4 of FIGURE 1d, that -

:becomes increaskngky wor'e negative, dlscharges capaci Rex g§2013 FI GURE
2 until voltage V2 becones negatlve When vol tage V2 becomes
sufficiently negative, diode Dlerr] starts conducting and cl anps
voltage V2 ds cdu@le@.&emmheagendtMermmnaésdofosaagefthU|Dw@n¢I§nce

The correctuﬁycy out si de pi ncushion distortion ' requires a higher
anmpl i tude of ‘dé&f1’ection current i[err] when scannlng lines at the
center of the raster tifan A @PPargtus according to Claim 4

- 8- characterized in that said switching means comprises a
5 diode (DI) and wherein said first inductance comprises a
primary winding (wl) of a flyback transformer (Tl).
7. A television deflection apparatus with a
protection arrangement, comprising:
a source of a first input signal at a frequency
10 that is related to a first deflection frequency;
a retrace resonant circuit, including a
deflectlon winding and a first retrace capac1tance,
a first switching transistor responsive to said
first input signal and coupled to said retrace resonant
15 circuit 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 capac1tance coupled to said
20 retrace resonant c1rcu1t for generating in said second
retrace capacitance a second retrace pulse voltage during
said retrace interval;
' a source of an input supply vortage,
a load circuit; :
25 | a supply inductance coupled to said source of
input supply voltage and to said first switching transistor
. for coupling said first and second retrace pulse voltages
therethrough to said 1cad circuit and for replenishing
energy losses in said retrace resonant circuit during said
30 retrace interval;
a source of a modulation second 1nput signal at a
frequency that is related to a second deflection frequency;
. a second switching transistor responsive to said
first and_second input signals and having a main current
35 conducting term1na1 that is coupled to said second retrace
capacitance for varyxng, in accordance with said second
input signal, a time difference between initiation of said
second retrace pulse voltage and initiation of said first
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br Jbottom At ‘the ster, transistor Q is turned of f at
tine t2 of FI Cﬁw \ﬂMImHmlhe earliest. Vol tage V2 of FIGURE |e
starts to incr Isme*t 2 After the center of retrace occurs,
voltage V2 decreases 5 until it becomes-z8¢0 at time t6. HR&Fabh 013

transistor Q is turned off at the tine t2 at the top of the raster,
t he peak anplitude of voligge éﬁﬁls e& HHX|qyn1 CDnse ent | t he .
peak anplitud&e&Fags PYGEC\NOLFAEE GHREPFPANGE A ulaty said; om t he
Egp.éomard thgegaetﬁionfcuheenasteharéetefimedme of f tlne of transistor

et erm ne y the al ki f A 1S
i ncreasingly del aye nL k'h Olhﬁbﬂ afé%gﬁé,?\g@ ﬁ £ %E%%{RF £3)
decr easi ng pe&ha§n§ﬂpW§déno$aW6lSQQ@H@[%V*FCh#ngﬂtIﬁE§I§tQﬁl(QZ) qurea5|ng

peak anpl it ud@eﬁéx&@hhaga MAnﬁﬂdlaalgﬁaeeﬁaﬂglslScowpéd a¥®! sdidiesedond
defl ecti on current raster volgﬁgg V2_.starts

i ncreasi ng at ¥ Pﬁﬁhﬁ§goFran51sE?€UE§£Pe gﬁdr%@%ﬁﬁﬁg 3 SFPCHIVESY (A 1] of
each hori zont skhid secpadi sWwitEhingt bransistort (Q2) dwhém said ccnrrdente

raster, Rﬁe)tﬁh”égih EEEBn&fs&ié@ﬁiﬁ&oﬁréEbfété%(%555?éﬁééeds a
' ' predetermlned magnitude to provide an over-current
10 protection. .
8. 'A television deflection apparatus with a
protection arrangement, comprising:

a source of a first input signal at a frequency
that is related to a first deflection frequency;.
15 " a retrace resonant circuit, including a
deflection winding and a first retrace capacitance; |
| a first switching transistor responsive to said
first input signal and coupled to said retrace resonant
circuit for generating a deflection current in said
20 deflection winding and a first retrace pulse voltage in
said first retrace capacitance during a retrace interval of
a glven deflection cycle; '
' a second retrace capac;tarce coupled to said
retrace resonant circuit for generating in said second
25 retrace capacitance a second retrace pulse voltage during
said retrace interval; '
a source of an 1nput supply voltage;
a load circuit;
a supply inductance coupled to sa1d source of
30 input supply voltage and to- said f1rst_sw1tch1ng transistor
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 '
retrace interval;
35 a source of a modulation second 1nput 31gnal at a
. frequency that is related to a second deflection frequency,
a second switching transistor responsive to said
first and second input signals and haVing'a main current =

i




129~ lincreasimjjf?ﬂﬁﬁﬁﬁigr?Tﬂ’ﬂzine t3totine t2 of FIGURE | a
resulting in an mg K ge V[err] of FIGURE 2, a decr easi ni
Vol tage V[err] mmt\“ﬁ‘ )

_ defl ection current i[err]. Thus,
~deflection curr icfetr]™is proportionak9+o retrace @@mtageowa and
i nversely proportional to retrace voltage V[err] 25 that is nodul ated |n
accordance with the turn-off instant of transi stor

The falling conducting texpingl Gthat dsecqupled to s ézq?ﬁﬂulr%&‘:ﬁn a
parabol i ¢ MB@gsacHtarcd eEéE WALy, tin accordbirten wt:hm warild ceiconal e

1 h
Advant pesouctgputrefehat)' g Fine "By e 4 chdf il i i ok saic
of FI GURE 2 secondnpettatespulse voktagermandhanitiation ‘q@rsqld)fflms@JRE l e
becores éeroﬁgggv %gﬁufgg \9@15t§éé a?@ gp@er?gucchu 3 Bo ulatibif deHa8g of the

retrace puls orizontal retrace is ’
mai nt ai ned tdeflegtion curr@mﬁz|9haxipt¢ﬁ;%§9uhx of horizontal retrace tine

t4. t hroughout vegtséatcecezol Yhes, an O Ases Adrarrdl avidmdler(201al)
FIGRE 2 are [aipLd £§%  BoREASE il ASTPAsisd P oA second -
switching transistor (Q2) for disabling the generation of
10 said deflection current (i2) by rendering said second
switching transistor (Q2) nonconductive during a power-off -
‘mode of operation and for enabling the generation of said
_deflection current (iz) by enabling the switching operation
of said second switching transistor (QZ) during a power-on
15 mode of operation.

9. A television deflectlon apparatus w1th a
protection arrangement, comprising:

a source of a first input signal at a frequency
that is related to.a first deflection frequency,

20 a retrace resonant circuit including a deflection
winding and a first retrace capacitance;

a first switching transistor responsive to said
first input signal and coupled to said retrace resonant
circuit for generating a deflection current in said

25 = 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

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

a source of an input supply voltage;

a load c1rcu1t,

.a supply inductance coupled to sald source of

35 input supply voltage and to said first switching transistor
for coupling said first and second retrace pulse voltages
. therethrough to said load circuit and for replenishing
T
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1-9-7 m hat advant ageously, signal Hr is
nhlntalned | ectlon current i 2. Si gnal Hr

devel oped ac prOV|des phase information of the phase of
defl ection c eﬁt |2 5 Signal H is_gpplied to stage 10RCA 85,013
synchroni zi ng the hori zontal oscillator of stage 101 to sync pulses H
of the vi deo signal. Because capacitor C2 couples wnding W to

Wi ndi ng LX t cerfengy alassas rdad sadsbrgtraser §§Epna¥1§ecbﬁ§§ét during o%add i on

of S|gnaIFHr é%f%ggneygéﬁydnl|dent|cal to that 10 of deflectlon current
transt stor @ 15 that iR oF & TOGRatLARs SSFERHot P FTENE cRbe
~coupled in SeﬂréquendYIthat is related to a second deflection frequency,.'
' 5 a second switching transistor having a control
' terminal that is responsive to said first and second input
signals and a main current conducting terminal that is
coupled to said second retrace capaci itance for varying, in
" accordance with said second input signal, a time difference

10 between initiation of said second retrace pulse voltage and
initiation of said first retrace pulse voltage to produce a
modulation of said deflection current;'characterized by -

a diode (D ) having a first terminal (anode) that
is coupled between sald first (Ql) and second (Q2)

15 switching transistors and a second terminal (cathode) that
is coupled to a terminal of said supply inductance (Wi) for
preventing a retrace pulse voltage that is developed at a
Junctlon terminal (50) between sald first (Ql1) and second

- (Q2) switching transistors from exceedlng a predetermlned
20 'level so as to provide an over-voltage protection.
_ . 10. A television deflectlon apparatus,
comprising:
a deflection resonant circuit including a -
deflection winding and a retrace capacitance;

25 . a source of an input first signal at a frequency

that is related to a first deflection frequency;
means responSive to said input first signal and
being coupled to said deflection resonant_circ@it for
generating a deflection current in said deflection winding

30 at said first deflection frequency; . _

a remote receiver for generating an on/off
control signal; :

a source of a modulatlon second signal;
characterized by

35 :  a side pincushion correction circuit (200)
responsive to said second signal (V3) and coupled to said
deflection current generating means (Q1l) for modulating .
said deflection current (iz) to provide side pincushion ¢

/
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_ ttran5|stor Q2 ___sg,,_t_he—sw’fthed”operatlon of transistor @ results
i,h tow power dissipation w(“! |stor Q. 15 Therefore, transistor @ may

not-require a hee““‘“‘r“ﬂ“! addi tignal advantage over_other east-west
-circuits such as hal di 0dé nodul ator is thRCHATLHI on

current i[errd does not flow thr ough a danper di-ode during the second

eyt o | EREEERLChoghld 8180 BRLLGERLER LERERAE Slhanlf'Eine),

retrace, def bednigowresponsiveokansaidr en/effocontrebsianal of 203@hcfor
transformer E%sablm%y tﬁépéﬁbkah&'i BeVsRid asad fbiﬁ&i?&?m?,c&éé@imn

transi stor 2 bécaones honconductiyve. \Wen transistor Q2 come,s 25

nonconductlv@lrFHétuKPQP)VGPtHﬁ@VPEEchﬁlﬂ@nﬂ¥iﬁkgp ofisaid 1%k e
conducti sg. Tagrengh (ignedadcplatecsnddi defléetion appdsdtus it |y i sol at es
wi ndi ngs L[erg%n§ﬂg ngze] at frequencies assocli ated with nouseteeth
distortion tR Substantially | ower than the retrace frequency of
resonant 30 circuit 100 during retrace; thereby, raster distortions

known as nopuseteeth are prevented fromoccurring. The manner by which’
nouseteeth are prevented is further

\\
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sexplained in U K Patent Appl|cat|on5§§g¥§5§13flled 10 " March 1988, in-

the name of the same Applicant, entitl €X25 RASTER DI STORTI ON CORRECTED
DEFLECTI ON Cl RCUI T. JucPEor terninal 50, between

S capacitors Cl and ~ C2, is clanped to ground potential by transistor @
during the entire trace interval. Therefore, raster disturbances
referred to-as "Organ Pi pes" do not appear. Organ Pipes t ypE_T ast er
di sturbances may occur if such clanping were not used, ‘as a result of
oscillatory current or ringings in - the flyback transformer Prinmary
current. .Such ringings are ' _ :

o - -
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diodes Derr] and Derr]

transistor using the
the 10

transi stors @@ _and 4 and
SW t chi ng TGS 2 c,
transi stors GggWane "‘
exponent i al | yd&hape
waveformthat is

WA,

K suppressed because transi stor
Q@ during the entire trace |nterval
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circuit 300 of FIGURE 2 includes a
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RCA 85,013

55 .across diode D3 having a |eading @Qg@r\ylth a fast rise tinme.
Fastpr | eadi ng edge results, advantagequgley3 in a | arger dynam c range
of E-Wcontrol circuit 300. Pul se VD3 . across diode D3 i$ applied via
resi.stors R6 and R7 to a capacitor C5 and to a %esistor RO for
generating the 30 exponentially shaped ranp portiqﬁ V5a of voltage V5.
Pul sed vol tage V5, that includes exponentially i nCI’Ga’SI ng top portion
V5a' is applied to the base of transistor 4. A tical rate
parabolic voltage V[err] of FIGURE 2 that i ncl u& a superi nposed
sawt ooth voltage is coupled froma 35 DC bl ocki ng & acitor CJerr] of a
conventional vertical - defl-ction circuit 350 t %Ie base of ,
transi stor 4B ¥ era capaci 01‘.50& a resistor R&P and_a reskdtor
R19. Resist®'s , ~ Rl4, RL5 and_Rl6 Provide dc biasuig th&basddf
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-11<% @. Voltage V[err], that Is coupled via a resistor R13 to. t
bage of transistor @B and to an integrating capacitor C6, prOVIdGQZé;\
négati ve feedback, causing the vertical rate envel ope o é#

“ track parabolic voltage Vlerr] that 5 i's devel oped in capé5¥ a@f%rrr/
A vertical sawtooth voltage V[err] devel oped across a sanpling
resistor Rerr] is coupled, via a resh%§ RabP0 and a resistor R9, to
capacitor C5 for devel gping._a VQIta i ng.an,ex ntia

on .
‘upranpi ng portion at afHSetleGtien, @1§Gh (Qﬂét°Fsad99€iﬁPﬁsﬁfby vol't age
Verr]. Vol defleétiion edueudd (250)t dst boupded eb ar gasrater réonantont rol

cﬁ%%éé@ﬁf s, dPefResh horinBntol sERL8GELY, F108ERY, | O

in a diffSererdfi amﬁqmetirsalta@eaupecapacatpneeeﬁcid f rAnflgback

.Circuit 300.
Cerr] to

substanti al |
XA, A vertic

10

5?3’%45& piamaty! WinAEngPeWaY! 28 Bbupled tbaRSjahOELofS aNd

1nal (collect%r of Ql) of the deflectlon switch (Q1) -
and the retrace resonant circuit. An East-West modulation
current is generated by a bidirectional second switch (Q2)
having a conduction time that is phase modulated during
horizontal retrace at a vertical rate in a parabolic
manner. The second switch (Q2) is coupled in series with

‘the deflection switch (Ql) during the entire trace

interval. To prevent an over-current condition when the

- current in the second switch (Q2) exceeds a predetrermined

first level, the second switch (Q2) is turned off and
interrupts the flow of current through the deflection

switch (Q1). Additionally, a diode (Dl) is coupled

20

between an intermediate terminal of the.transformer primary

w1nd1ng (Wl) and a junction terminal of the deflection (Q1)

. and the second (Q2) switches for preventing an overvoltage

condition from developlng across the second switch (02).

Reference Indicia Are From Fig. 2
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devel oped at tle [pase—ot—t+ Jtor @ is conpared to hor i zof®t5t™* Fanp

vol tage V[err]. gdﬁ?’sﬁ gr ojfnts of vol tages V[err] and V[err]
determne the gim ﬁ?g t | eqdj ng and 20 trailing edges of voltage
V[err], as indicated-before. Exponential |y shaped ramp
portion V5a of |voltage V5 || nearizks the east-west nodul ator circuit
200 by compensatirg—Hor—thel decreasing | evel of current i[err] of

FI GURE | b, during lon_occurs because a 25 snmal |
" anount of nodul at .Pr&??tfﬁm g‘ng@éh@? F & REELEQIIQN CIRCUETGURE | a
; results in a higher affhist duventioharebates to a prdtentdon’ appaEaGUBE | e

than the sa%,_arg)tagﬂ@‘cﬁ{gaua&bggt of voltage V3 near tine t3 of

FIGURE la. This is so sethe de f each of currents i[err]
and i4 of 30 FI GJRE?\%"&N& ¢on @@ﬁe t?'g" e€°ratextai'“l?éet'23t han

~at time $3 adeflrctione Mma.g:emz whlphopbetanphitmme to a deflectiion of
[err]iferr]. cﬁren@*i&;ﬁwl%@i&'eﬂ' b!é ﬁBéﬁQQt&&”ﬁv&P'é%@la}ﬁvel w:L'd% St eeper

Vol tage var (5ETS GiF GpFusckify 3 sster, gﬁgmmw@gseﬂi‘&‘qlé iakat on of
vol t age V[ ertheidefindtion currentr ampditude maytbendesiwalble ifor t 3. Thus
the exponentp@tpdses such as, for example, correction of outside and

10 inside east-west pincushion distortion.

Typically, a horizontal deflection circuit
includes an output stage comprising a deflection first
switch, a horizontal deflection winding and a trace
capacitance that supplies deflection current to the ..

15 deflection winding during each trace interval. A first
retrace capacitance is coupled across the deflection
. winding during the retrace interval to form a retrace
resonant circuit. Ehergy is replenished.during retrace via
‘a flyback transformer. :

In a horlzontal deflection circuit embodylng an
aspect of the 1nvent10n, a modulation switching current is
formed by the operation of a bidirectional modulation
second switch, during retrace. The rodulation second
switch, coupled to the retrace resonant circuit that

25 includes the first retrace capacitance, has a conduction
time that is phase modulated, during horizontal retrace, in
accordance with a vertical rate parabolic voltage. A
second retrace capacitor is coupled in parallel with the
modulation second switch. The modulation second switch is

30 conductive during the trace interval and is turned-off at a
controllable instant during retrace. The modulation second
switch 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

35 controllable retrace pulse voltage havxng an amplztude that
is controllable and a width that is variable is developed
across the second retrace. capaq;tor vhen the modulation
second sw1tch is noncnndggtivefduxzng amportlon of retrace.

—1_I
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) TMENT SEER
shaped ranmp portion V[err] of "vol tage V[err]REP é 2e§mt. ET operation

of E-Wraster correction circuit 200, Resi stjor]. R15 rai ses
the dc average of voltage V[err]. Conpensatijon o2 8 SEP Wét uge{w dt h
variations as a function of beam curreng, that may be réfé¢rred to as

anti-breathing, may be applied via 4he Hase of transistor{@. 5

Tr ansi st or

@ of FIGURE 2, having a base that_is coupled-to the

junction of Phd argtrRse %qn;aB&Zaaﬁds@ the sEUdT r@tratet Eapabstey B,
applies a bagg {l{d Y %agmthﬁgnafssofegaéé %ﬁ:ag%aq:ha%s' ' vl pedat 'S

coupled to

10
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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. -

The first and second switches may be formed by
first and second transistor switches, respectively, that
are coupled in series during a portion of given deflection
cycle. It may be desirable to protect the first and second
transistor switches against an over-current condition. It
may also be desirable to protect the first and second
transistor switches against an over voltage condition.

A television deflection apparatus, embodying a
feature of the invention, includes a deflection resonant
circuit that includes a deflection winding and a retrace
capacitance. A source of an input first signal at a
frequency that is related to a first ‘deflection frequency
is provided. A first transistor operating as a switch and
being responsive to the input first signal and being '
coupled to the deflection resonant circuit is used for
generating a deflection current in the deflection winding
at the first deflection freguency. A second transistor

- operating as a sw1tch is coupled to the resonant circuit

and to the first transistor switch such that during a given
deflectlon cycle the first and the second transistors are
conduct;ve and coupled in series. A source of an 1nput
supply voltage is coupled to the first and second
transistor switches for generating a current that flows
through both the first and second transistor switches when
both the first and second transistor switches are
conductive and coupled in series. A source of a modulation
second signal is coupled to the second transistor for
modulating conduction thereof in accordance with the second
signal. A control signal that is coupled to a control
terminal of the second transistor switch is generated. The
control signal substantially reduces the flow of the

Wy



' : FTaTn
the collector of transistor (b. The collector EEPhﬁﬂthhan$ﬁgﬁgr @ is
coupled,via a parallel arrangenent of a cé hci tor C7 and p yesistor Rf
for generating a fast transition of a fal |1g2Hﬁ§EPﬁQ@5|()n'of vol.t age
V3 t;0 obtain a fast turn-off of transistof (2. The fast turn-off
allows interrupting current i3 inmedi agely af{er—timetitof—t FIGURE | c
and allows using the full nodul ati on range between tine t[lerr] and
tferr]. Illustratively, the turn-off delay of transistor (2 of FIGURE

2 is | ess tsunrenti thvewghrithe firstTlandisecondatiBBEiston swibched Q2 may
further redygent 8Re contfyirgﬁx{aplq_@ en‘gﬁtfeast turn-off feature may be

desirable 20 in a skiu yoly that r. ire ction_current at, for
exarmpl e, a higher freSﬁ %%é’ xqance, & ggF %?1 “featire de eA prot ecti on
di ode D, eAb¥eRtigna acsvitehing axstangementydst icoupled toupl terminaken t he
\c/\?l | e]ct Qi gfthat ist éaﬁﬁlé&%e@e&i\%}i’etﬁ!ﬁ?%}d’\ﬁt c%hdp'i:%rﬁﬁéisﬁ?f‘d' ng

err] o stqr otects transis rom
excessi ve p%a B?Fagg Eﬁ&ygae £§5é§%£€§é31 % |n|t|aIIy t ur ned
on. Transistor Q is Rotb@t%ﬁa%ynm$ode D whlch limts voltage V2 to

a maxi num of 350V.  FIGURES la-1h illustrate idealized waveforms
useful in explaining the circuit of FIGURE 2;

10 FIGURE 2 illustrates a deflection circuit,
embodying aj aspect of the invention, that 1nc1udes outside
pincushion correction arrangement; and
- FIGURES 3a-3d illustrate waveforms useful in
explaining a current protection feature of the circuit of

- 15 FIGURE 2.

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
(CRT) type A66EAS00X01l. Circuit 250 includes a switching

20 transistor Q1 operating at a horizontal frequency £y and an
anti-parallel damper diode DQl' both being constructed as
one integrated circuit. A retrace capacitance Cl is
coupled in parallel with transistor 01 and diode DQl' A

deflection winding Ly is coupled in series with an '

25 sS=shaping trace capacitance c to form a circuit branch
that is coupled in parallel with each of transistor Q1,
diode DQl and retrace capac:tance Cl to form a retrace
resonant circuit 100 during horizontal retrace. _

A phase-control stage 101 that includes a

30 horizontal.oscillator and a phase detector, not shown in
detail in FIGURES, is responsive to a horizontal
synchronizing signal Hg. Signal Hs,is derived from, for
example, a video detector of a television receiver, not
shown in the FIGURES. Stage 101 applies, via a transistor
Q6, a drive voltage 10la to a primary winding Toa of a

. driver transformer T2 that is transformer coupled to a
secondary winding Top of transformer T2. Winding Top is
coupled via a voltage divider, that includes resistors Rl

35



Transformer T2 has, preferably, 400V isolation cﬁnﬁbffii§%@0wﬁﬁgrneen t he

primary and secondary w ndi ngs. A &bt e control =ceiver
201 generates an on/off control  signal 2013 thanlsgmp)qgl efl {to an
on/ of f transistor switch Q7 of a +12V reguljatior. Wen trangi gtor Q7 is
nonconduct i ve, an out put supply vol t age4+12V is gene+a%eﬁ—35—_ hat causes

phase- control stage 101 to be energized during
transi stor

power - up. \Wer

st and- by ITDd h[?‘gﬁﬁﬂ%?’as%t-mgtég} {)ﬁ%cnt], é_%%gangilt f8 USGS

| on t

phase- Controprgﬁ@ghng(g_base drlve current 1b at the horlzontal
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FIGURES.

frequency f A primary winding W, of a flyback
transformer Tl is coupled between a source of a B+ voltage
and the collector of transistor Ql. A secondary winding W,
of transformer Tl is coupled to stage 101 to provide a
feedback retrace signal H, for generating drive voltage
10la that synchronizes a horlzontal deflectlon current 12
in winding LH 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 the
ground conductor. - A retrace voltage V generated across a

- winding w;lof transformer T1 provides a high voltage, used

for generating an ultor voltage in an ultor power supply_
556 that includes rectifying diodes, not shown 1n the

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 i, in a manner
that is well known but without East-West correction. As
explained later on, current i, is at a maximum peak-to-peak
amplitude, in this case.

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



that supplies base drive to the base of tran5|§' Liega@iSes driver
transistor B of transformer T2 to be turne % After,
for exanple, the transition fromnormal 5 opd4r t|o fiéjﬁﬁé sfamnd- by node
opération, there nmay still be energy stordadijin primry w nding T2a of
transfornmer T2 of FIGURE 2. This esg% gy ngy contlnue producifng base
current i[err] in deflection transistor QL unt

vol t age
101la across prinmary wnndlng T2a of transformer T2 10 decreases to zero.
i

As a resul t ORETALING gondiipBninywhich swifghing jomasisservQe hisnimxt ended
but undefi neshticffe throudhbati an éhﬁir@nﬁbtxy&w ifrtviall. 0 nOthé €3666nd O

Cher ease ’@3’3?3??@*&%35} By hiFaTR of Hedanll dizBhi s "hid!
I n accor danck® H@Fhéﬁrﬁ5a99$e getrage resonanteqirewit: 30frefent such a
p055|b|I5ty'FIGURE12 cdricluldes retghg@acapdditers cOUWiMinky 0y0Bna resistor

?rstl)vfiggsabase d&)\r/&egbtq&q't rogﬁ‘gsgo i Qéé&ﬁ'f&é 8&& Oéltz%u&@g%ﬁihaéﬁ?uﬁ Eat
of.f i medi atEt¥Pagh q&yﬁsrwa FBQngn 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 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
15 the required nominal retrace frequency that is,

illustratively, 43 KHz in the PAL system.

As explained before, secondary winding W, of
transformer T1 provides horizontal synchronizing retrace
signal H.. Each pulse of signal H,. represents the retrace

20 interval in deflection winding Lyg- Horizontal
synchronizing signal H,. is coupled to phase-control-stage
101 for prov1d1ng feedback synchronization information.
The synchronlzatlon information contained in the pulses of
sxgnal H, is indicative of the phase of’ current 12 in .
25 deflection winding Ly- Signal H. and horizontal sync
pulses H are used to adjust the phase and the frequency of
the horizontal osclllatcr output signal that is included in
stage 101.

' In the second hypothetical example, primary
winding Wi of transformer Tl is coupled to retrace resonant
circuit 100 through a capacitive voltage divider that
includes capacitors €1 and €2 to form the combined resonant
circuit. The combined retrace resonant circuit enables
proper synchronization without causing mouseteeth
35 distortion. The advantages of forming such combined

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 CIRCUITY.

10
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transition. Since both transistors QL and @ ar et Iseri es,
turning, off transistor @ causes the current in Qﬁgag%{ansistors to
cease. Thus transistors Q@ and 2 are protiec e88 : r, tsych fast
shut.-down arrangenment may 25 require a fast spof suppressionlicijrcuit to
prevent a beam spot rel ated damages+ o the , hot shown. .

In an alternative protection arrangenent, | r feature
of the invention, in which the af orenmenti oned fast spot suppression

circuit, 30 advant ad®BuRg, trAGe . nERIrERNE chyi ke Mindings ¥, s KbOWS i n FI GURE
2. I'n such ptrfeuglectransingore % 0, agdf thidagl tramsigoaNQ2 to gibahd| ngl udes
a series arr | .an | Qup] e

bet ween t he emgﬁgﬁ%&%‘%dnsclq%?ggk 1"1 g{ﬁ"’ %]éo%%ﬂfog‘&bt E%nggﬁéﬁ ﬂne, and
the base of 8l8@sfiaws thypugls capagitendteias mEracmawrrest fgedandk

arrangengnt causes a tétﬁhcé|valtﬁb%t9% €6 bé adeveldspedladrossortedcs O
s

ground vi a sanpling resfstor R101 causing current i3 to be -
sanpl ed acroSe ?%gl:lé ?'RlOl. A resulting voltage V[err

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,-voltaée 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 iz.' Retrace voltage V, is
equal to retrace voltage V1 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 hypothetical example in which transistor 92 is
nonconductive throughout retrace, voltage Vz'is at a
maximum amplitude. Consequently, voltgge_v4 amplitude is
at a minimum and deflection current i, is also at a minimum
in the second hypothetical example.

25 _ Modulation of deflection current is obtained by a

‘modulation of the turn-off instant of tramsistor Q2 during
the first half of the retrace interval in a way that
mouseteeth distortions are reduced. By selecting the
value of capacitor Cl to be, for example, approximately

' 30 twice that of capacitor €2, and the value of the inductance
of winding W1 to be approximately twice that of winding Lg,
the retrace frequency remains the same during both the
first portion of retrace, when transistor Q2 is conductive,
and dﬁring the second portion of retrace, when transistor

35 Q2 is nonconductive. Consequently, the phase of voltage A4
in winding W, relative to that of deflectiop current i, is
unaffected by the conduction state of transistor Q2.
Modulation of the turn-off instant is permissible because



devel oped across resistor R101 controls the gigLP Y —é&JEi transistor
&b. Wen voltage V[err] across resistor R101 ex%ﬂﬁgi V|| transistor
@ is turned on by voltage V[err] and reducles28 95 drli e of

transi stor . Thus, current 5 iferr] is lipmted to a peak {off 1.8 anpere
when, for exanple, resi stor R101 eqpal s 1} oim The

f eedback provi ded by di ode D10 and resistor | __RI1 _advantagedusly,

protects both transistors QL and that are coupled in series during
oper ati on arRPth fFhep refxace: tine, aﬂﬁr@nﬁ‘*%?)mtmw sexadpped
transition. fitom voltageuVd Wea wihndingow 6ﬂatrénsiuﬁmﬁﬂhﬂphr%rrangeﬁent may

‘al so be usedydnafidfloud1y] stbstinteath fuﬁgff@é{é'ﬁ]%a}nea{e state of
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 functionms.

E-W control circuit 300 of FIGURE 2 generates a
pulsed voltage Vg which drives the base of transistor Q2.
Voltage Vs causes transistor Q2 to be conductive throughout
the trace interval. During retrace, the falling edge of
voltage vy is phase modulated in the range t2-t3 of FIGURE
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
generation of voltage v, occurs.

Current il in winding W, of transformer Tl of
FIGURE 2 flows into resonant circuit 100 that includes
winding Ly and capacitor Cl. From resonant circuit 100,
current il splits and forms current 13 and current 14 when
transistor Q2 of FIGURE 2 is nonconductive. When
25 transistor Q2 is turned-off, the decreasing current ig of

FIGURE 14 charges capacitor C2 of FIGURE 2 until time t4 of

FIGURE 1d, occuring at the center of the retrace interval

when currents i and 14 become zero. As a result, voltage

v, of FIGURE le reaches its peak amplitude at the center
30 -of retrace. During the second half of retrace, negative
current 14 of FIGURE 1d, that becomes increasingly more
negative, discharges capacitor C2 of FIGURE 2 until voltage
V, becomes negative. When voltage V, becomes sufficiently
negative, diode DQ2 starts condnct;ng and clamps voltage V2
to =0.6 voltage, the forward voltage of diode D 2.

The correction of outside pincushion distortion
requires a higher amplitude of deflection current i2 when
scanning lines at the center of the raster than at the top
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in which signal 20la is coupled to the base of { RE, ?&6} Auit t hat was

expl ained before. When, for exanple, both 15 Ar f angenent s ar el used

toget her, current i3 may becone substanti ally mgI8EPd99®, for exanple,
zero for providing the required protectionjoyer-current or}for

provi di ng - on/off operation. -8~ FHEORE-SaTt+tUstrates an

envel ope of a waveform 20 of current i3 of FI@EURE 2 |nned|ately after
correspondlqgr

st andby node V\nlf%%tqu a%? t&?‘%?%%? %geglrcw{@ﬁ h%&r&igg"go&?r (g m):jfe and

CCUI’

conduct or 555UERAD afifs @dntdBecl,f of BIGUERE ikhy (that is thpeearlisstbl the
protecti on cvertdde wf FICYREFLEEEatts Ao’ mdﬂea%ter afeert btmeny, el ope of

t he wavef or connect ed
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enabl ed. the peak amplitude of voltage V of FIGURE lf is at a
minimum. From the top toward the center of the raster,

10 the turn-off time of transistor Q2, determined by the
falling edge of voltage V, of FIGURE 1la, is increasingly
delayed within interval t2 - t3.. The result is a
decreasing peak amplitude of voltage v, of FIGURE 2, an
increasing peak amplitude of voltage V, and an increasing

15 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 ty of each horizontal
period. From the center toward the bottom of the raster,
the turn-off time of transistor Q2 of FIGURE 2 is

20 increasingly advanced from time t; to time t, of FIGURE la,

‘resulting in an increasing voltage V, of FIGURE 2, a

decreasing voltage V, and a decreasing deflection current
iz. Thus, deflection current 12 is proport10nal to retrace
voltage Vg and inversely proportlonal to retrace wvoltage Vé

25 that is modulated in accordance with the turn-off 1nstant
of transistor Q2.

The falling edge of voltage v3 of FIGURE 1a is
phase modulated in a parabolic manner at a vertical rate to
obtain the vertical rate envelopes shown in conjunction

30 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.

) The center of the retrace pulse waveform of

35 vwvoltage Vé during horizontal retrace is maintained the same
relative to the center of horizontal retrace time t,
throughout vertical scan. Thus, voltages Vg and v, of
FIGURE 2 are maintained in phase with respect to voltage

tuit is



- 15- ~ WHAT IS CLAI MED: 1. |REFeh erw““suéml@feﬂl ect i on
appar at us, conpri si ng: a defl ecti®iiresonant kircuit
including a 5 deflection wi nding and a retrareicapggtpqggg
a squrce of an input first signal at a frequem iL that is
first deflection frequency. -9~ a. fi MJFéﬁﬁﬁfﬁ

switch and

elated to a
perating as a

V- It follows that, advantageously, signal H,. is
maintained in phase with deflection current iz.

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 C? couples winding W, to
winding Ly to form a combined resonant circuit, the phase

information of signal H. is substantially identical to that

10 of deflection current iz. Further advantage is provided by

the switched operation of transistor Q2 is that inductive
components are not required to be coupled in series with
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
iz does not flow through a damper diode during the second
half of trace, resulting in lower deflection losses and
20 lower asymmetric linearity error.

As. explained before, during retrace, deflection
resonant circuit 100 is coupled to flyback transformer Tl
by capacitor C2 having a high impedance, after transistor
Q2 becomes nonconductlve. When transistor Q2 becomes

15

25 nonconductlve, the ultor voltage rectifying diodes, not
shown, are conducting. The high impedance of capacitor C2 .
substantaally isolates windings LH and W, at frequencles
associated with mouseteeth distortion that are

.- substantially lower than the retrace frequency of resonant

30

circuit 100 during retrace; thereby, raster distortions
known as mouseteeth are prevented from occurring. The
manner by which mouseteeth are prevented is further
explained in U.K. Patent Application 8805758, filed 10
March 1988, in the name of the same Applicant, entitled,
35 RASTER DISTORTION CORRECTED DEFLECTION CIRCUIT.

Junction terminal 50, between capacitors Cl and
C2, is clamped to ground potential by transistor Q2 during
the entire trace interval. Therefore, raster disturbances



bei ng responsive to said input first signal an Bgagiﬂﬁﬁﬁc§qﬁ? ed to said
defl ection resonant circuit for generating ection~T r ent in

sai'd deflection wi ndi ng at said first deflledti nc
a second transistor coupled to said deflection f§g§§ﬁ§ﬁ§ cﬁr(uit and to
said first transistor such that 15 durltg a gijven_deflection Aycle sai d

first and said second transi stors are conductive and coupleg I n
seri es; rce o nput sup +age—coupted to
said first aﬁﬂfgﬁ’éﬁﬂdt?r sf@‘ﬂé&h&??sge RrBet lé%rr@ﬁﬂan Pipesat fl ows

t hr ough bot htypensaster sdidtmrbaniciest mayrsosd:ur siPGuchiclanpidgcikere and |
coupled in sgpte équg | na
coupled to ﬁsed aeor esualrtlzsp ?t grgt‘?ffa 5% it o §§§§ﬁ8§ hiél?

condu eof in

econ
accor dance webf gg??ﬁ %#ﬁﬁ%%r pEH&FEXt%F?EERFtn/ uch ringings areeans
(201, 555% fosugpnesaedr@peauanﬂtndnsasgonlQ251s ¢Innpedstmogwbﬁﬂdtbya control

term nal (ba&eangisﬁarobﬁmg the ehdg és{:P a1Substantial ly
reducing the flow of Sg cur.rent t roug tran5|stors (C% and Q)
when sai d control éY kAgqus] - AgERET Dgp may be

constructed thh the corresponding’ tran51stor usxng the
integrated circuit technology for further rednclng the

10 required discrete components count.

E-W control circuit 300 of FIGURE 2 includes a
differential amplifier formed by transistors 03 and Q4 and
Darlington driver transistor Q5 which drives switching
transistor Q2. The differential amplifier that includes

15 transistors Q3 and Q4 compares a vertical parabola voltage
Ve to an exponentially shaped ramp portion vSa of a voltage
'V$ having a waveform that is shown in FIGURE 2. The
crossover points of the compared voltages determines the
timing of control voltage V4 of FIGURE 1la.

20 - To develop voltage Vg of FIGURE 2, horizontal
retrace pulses H,, of FIGURE 2, developed in a winding W,
of transformer Tl, are coupled via a resistor R4 to a zener
diode D3. A speed-up network that includes a capacitor C4,

.- a resistor R5 and a diode D2 generates a gating pulse Vp3

25 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 V. VD3
across diode D3 is applxed via resistors R6 and R7 to a
capacitor C5 and to a resistor R9 for generating the

30 exponentially shaped ramp portion Vg, Of voltage VS.
Pulsed voltage V5, that includes exponentially increasing
top portion Vg,, is applied to the base of transistor Q4. A
vertical rate parabolic voltage Vb of FIGURE 2 that
includes a superimposed sawtooth voltage is coupled from a

35 DC blocking capacitor Cc of a conventional vertical
deflection circuit 350 to the base of transistor Q3 via a
capacitor €8, a resistor R20 and a resistor R19. Resistors
R14, R15 and R16 provide dc bias to the base of transistor



characterized in that said contraol signal generérr

10

15

20

25

30

35

2. An apparatus according to Caiml 30 char éﬁéﬁfi“ ~§' ~idai d
control signal generating neans (D10, 555) responS|ve tlo Isai d
current” (i3) that flows in said second tr aig$ER @6 f or |generating
said coptrol signal when a magnitude of s |E current thatif ows in
sai d second transistor becones Lapger tha predetermned | 35

magni t ude. 3. An apparatus accoiding to Caim1l

g imeans
. Voltage V2' 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
envelope of voltage V, to track parabolic voltage Vp that
is developed in capacitor Ce-

A vertical sawtooth voltage VRs developed across
a sampling resistor R is coupled, via a resistor R10 and a
resistor R9, to a capac1tor C5 for developlng a voltage v,
having an exponential upramping portion at a peak amplitude
that is determined by voltage Vpg- Voltage \J is coupled
to the base of transistor Q4 of control circuit 300. 1In
this way, Voltage Vrs is also coupled via capacitor C. to
the base of transistor Q3. Because voltage Vrs is applied
in a differential manner, voltage Vrs is prevented from
substantially affecting the switching operation of
transistors Q3 and Q4. A vertical parabola voltage \/3
developed at the base of transistor Q3 is compared to
horizontal ramp voltage V5. The crossover points of

voltages V5 and V determine the timing of the leading and

trailing edges of voltage V3, as indicated before. ,
Exponentially shaped ramp portion Vg, of voltage
5 linearizes the east-west modulator circuit 200 by
compensating for the decreasing level of current 11 of

‘FIGURE 1b, during retrace. Linearization occurs because a

small amount of modulation of" wvoltage Vs near time t2 of

FIGURE la results in a higher amplitude modulation of

voltage V of FIGURE le than the same amount of modulation
of voltage V3 near time t3 of FIGURE la. This is so

‘because - the amplitude of each of currents 1 and 14 of

FIGURES 1b and 14, respectively, is higher at time t, than
at time_t3 and because voltage V, is proportional to the
value of Ii4. dt. The exponentially shaped ramp voltage Vg
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 Vg is smaller
around time t2 than around time'ts. Thus the exponentially
shaped ramp portion Vg, Of voltage Vg linearizes the
operation of E-W raster correction circuit 200: Resistor .



conprises a resistance (Rlerr]) that is coupled oS «Eg?ﬁ {wgwwgﬁ sai d
first (Q) and second (@) transistors. e w1 = VAR STM0]
def l ection apparatus that i ncludes a protectio r t,

conprising: 5 a deflection resonant ¢it c&éggﬁeﬁgﬁ@ np A

defl ection wnding and a retrace capacT¥eﬂce a.solrte of an
I nput first S|gnal at a frequency that is related to a flrst daflectlon
frequency; dugt t _
transi st or xf1m'r$ee:~:sp(}-'rlllsﬁ \?ec ?{’éga§§ of ‘%ﬁ :5 gngpmgﬁﬂsﬁﬁw to said
defl ecti on rwam Uﬁréetiloaﬁdasoasamp#mmtoﬂ beaw: gutzentsy
generating athat majefbeeqieifexiedr tenésl antiBredtiald, e mayoBeCigpPidd Sai d

defl ection w, gglage% AUt m% flrst retrace pulse 1
i i i re

race |nterval of said given

said first uctance durin

voltage in

defl ecti@n cycl e; Transistor Qf 9ECBHEURE asihawing w benecthat ek to said
defl ection recupbed to rthe tjunetibn 66i 8 164G rds RGOS RIZ and aS}[M th SUCQ
irst and sa

that during BoPPAidin o¥ Fadls{BRoloDh SChbSIi&Y & e idbd

second transi stor, swt
tr

ansistor Q2 from a load resistor’ R17 that is coupled to

the collector of transistor QS. The collector of

10 transistor Q5 is coupled via a parallel arrangement of a
capacitor C7 and a resistor Rf for generating a fast
transition of a falling edge portxon of voltage V4 to

 obtain a fast turn-off of transistor Q2. The fast turn-off

allows interrupting current 13 immediately after time t

15 FIGURE 1lc and allows using the full modulation range
between time t, and't4. Illustratively, 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
turn-off delay. The fast turn-off feature may be desirable

20 in a situation that requires a deflection current at, for

eXample, a higher frequency such as 2xf,.

A protection diode D1, embodying a feature
of the invention, is coupled between the collector of
transistor Q2 and a temrminal Wla of primary winding Wy of

25 transformer Tl. Diode D1 protects transistor Q2 from
excessive peak voltage that may occur when pover is .
initially turned on. Transistor Q2 is protected by diode

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

1

of

Transformer T2 has, preferably, 400V isolation capability

30 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
‘switch Q7-of a +12V regulator. When transistor Q7 is
nonconductive, an output supply voltage +12V is generated

35 that causes phase-control-stage 101 to be energized during
power-up. When transistor Q7 is coﬁdnctive, stage 101_is

de-energized that causes stand-by mode operation.

During a
transition to the stand-by mode, phase-control-stage 101,



coupl ed in series; a source of KOG AYIGA Sesdhd signal
coupled to sai d second transistor for nodul &t1ng conductipnjthereof in
accordahce with said second signal; characteriked g 85P 1995 :
sw tching nmeans (D[err]) having a first term n4l “(anode) that is
coupl ed between said first (Ql) and sed@=sd ' F BW t ches

and a second term nal (cathode), where a fji rst predeterm nef vol tage
| evel is de

' ' fing term na
(col | ector) Ear SRorLits hase (fifes ¥h i vase b6 SrpnoLEEGR@er i na
(cat hode of CBMEPS] firiven trarsistbr Q6 af: transformeraye t¥Ae that is
devel oped atuzfed-gEED current conducting term nal (collector) of
P2l Second {7 anst ot ohc(CB) Bae oE iR oI e 1o B R hE L 202
appar at s a@Pgratign: soCthe nstand-by mdde apexstied, thefret magi stHErond
termnal (caehestergy Bt6féd)in primary winding T,, of transformer T2

of FIGURE 2. This energy may continue producing base

current ib in deflection transistor Q1 until a magnitude of

voltage 101a across primary winding T,, of transformer T2

10 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 to conduct.
Consequently, currents il, 12 and i3 might increase
excessively and destroy transistors Q1 and Q2.

In accordance with another feature of the
invention, to prevent such a possibility, on/off control
signal 20la is coupled through a resistor R81 and a _
conductor 555 to the base electrode of a transistor Q5 that
provides base drive to transistor Q2, causing transistor Q2

20 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
both transistors to cease. Thus transistprs'glland Q2 are -
protected. However, such fast shut-down arrangement may

15

25 require a fast spot suppression circuit to prevent a beam
spot related damage to the CRT, not shown. '
In an alternative protection arrangement,
embodying a further feature of the invention, in which the’
aforementioned fast spot suppression circuit,
30

advantageously, may not be required 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 the base of transistor
35 @5, 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 ig to be
sampled across resistor R10l1. A resulting voltage Voo



I's coupl ed between end term nals of said first
6. An apparatus according to Claim4 char ac

swi't chi hg neans conprises a 5 diode (Derr]) and 'st
|nductance conprises a primry mnndlng (We r]mngéggﬁ%ﬁﬁéac
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transforner (T[err]). 7=14c t el evilsilo l.on} appar at us

with a

first input
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protection arrangement, conprising: a solirce of a
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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 R101 equals 1 ohm.

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
particuler, during the power-up-to-standby transition. It
should be understood that such feedback arrangement may
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. When, for example, both
arrangements are used together, current i3 may become
substantially reduced to, for example, zero for providing
the required protection over-current or for providing
on/off operation.

FIGURE 3a illustrates an envelope of a waveform
of current i3 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. sSimilarly, FIGURE 3b
illustrates the envelope of the waveform of current 13 of

- FIGURE 2 when conductor 555 is connected that enablés the

operation of the protection circuit. Note that currept i3
of FIGURE 3b is limited to the maximum of 1.8 ‘amperes.
Likewise, FIGURE sc illustrates an envelope of {yie collector
eurrent of@#ﬂhen the protection circuit is disabled and
FIGURE 5d illustrates the envelope Of[?bllector current of
Q;]when the protection circuit is enabled.



a first swtching transistor responsive to said first input signal-and
coupled to said retrace resonant 15 circuit for generating ection
current*in said deflection winding and a first r € puls

in said first retrace capacitance during a retrace “ﬁe
i i scoUpIed
I

gi veh defl ection cycle; -1¥-second retrac

to said 20 retrace resonant circuit for generating |n §econd

retrace capacitance a second retrace pul se voltage during said retrace
interval;  WHAT IS CLAIMER: source of an input supply voltage;

a load circuit; 25 a supply inductance coupled to said source

of I nput supply ol t nd, to sajd. first switching transistor
for coupling said flri ﬁgt§£§¥ﬁﬁF94H GHiole APRRLaRY g§ t her et hr ough
to said | oagomprdsiingand far repl enishing energy |l osses in said

retrace resonant C'rCH'HeﬂHééﬂﬂbﬁaféhoﬂght di¥dﬁ¥%3ﬂd@Tﬁﬁ¥ﬁg g
a sourc%oféiaestgo l#%tlon econd # ut Si t t quency that is
el at ed SGHIORCFLRALRG AR o fEGACE capaci tance;
- a source of an 1nput first signal at a frequency
that is related to a first deflection frequency.
a first transistor operating as a switch and

. being responsive to said input first signal and being
10

coupled to said deflection resonant circuit for generating
a deflection current in said deflection winding at said
first deflection frequency;
' a second transistor coupled to said deflection
resonant circuit and to said first transistor such that
15

during a given deflection cycle said first and said second
transistors are conductive and coupled in series;

a source of an input supply voltage coupled to
said first and second transistors for generating a current
that flows through both trans1stors when both trans1stors

.20 are conductive and coupled in series; -

a source of a modulation. second szgnal coupled to
sald second transi stor for modulating ‘conduction thereof in
" accordance with said second signal; characterized by ,
means (201,555) for generating a control signal
25 that is coupled to a control terminal-(base) of said second
: transistor (Q2) for substantially reducing the flow of said
‘current through both transistors (Q1 and Q2) when said
control signal is generated.
" 2. An apparatus according to Claim 1 _

30 characterized in that said control signal generating means
(D10,555) is responsive to said current (1 ) that flows in
said second transistor (Q2) for generatlng said control
signal when a magnitude of said current that flows in said
second transistor becomes larger than a predetermined

35 magnitude.

3. An apparatus according to Claim 1
characterized in that 3aid control signal generating means




a second swtching transistor responsive to said

I nput signals and having a nmain current 35 conducting termnal that is
coupl ed to said second retrace capaci tance for varying, in accordance
with sard second i nput si gna

of _s_ai d second retrace pul se (/o?t Eatlggeagldfrﬁlrter];telgﬁt‘}mmmm“nmﬂ!ﬁ““

retrace pul se voltage to produce a modut¥fd on of said @ deflfectioh
current; characterized by means (R[err],Derr]) responsive to
a current (i Yomprises a resistance (Ryp1) ‘that is coupled in series
with sald first (Q1) and second (QZ) transistors.

: 4. A television deflection apparatus that
includes a protection arrangement, comprising:

first andsecond

A

5 a deflection resonant circuit including a
deflection winding and a retrace capacitance;
a source of an input first signal at a frequency
that is related to a flrst deflection frequency,
a first inductance;
. 10

a first trap51stor switch responsive to said
input signal and coupled to said deflection resonant
circuit and to said first inductance for generating a
deflection current in a given deflection cycle in said
deflection winding and for generating a first retrace pulse
15 voltage in said first inductance during a retrace interval

of said given deflection cycle;

a second transistor switch coupled to said
deflection resonant circuit and to said first transistor
switch such that during a portion of a given deflection

20 cycle said first and said second transistor switches are
coupled in series;

a source of a modulation second signal coupled to
said second transistor for modulating conduction thereof in
accordance with said second signal; characterized by

25 switching means (Dy). hav;ng a first terminal
(anode) that is coupled between said first (Ql1) and second
(Q2) transistor switches .and a second terminal (cathode).
where a first predetermined woltage level is developed, for
coupling a main current conduc;xng terminal :(collector) of

30 said second transistor (Q2) to said second terminal
(cathode of Dl) when a second retrace pulse voltage. (Vz)
that is developed at said main current conducting terminal
(collector) of said second transistor (Q2) exceeds a second
predetermined voltage level 1nd1cat1ve of an overvoltage

35 condition.

5. An apparatus according to Claim 4
characterized in:that said second termihal (cathode of Dy)
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that flows in said second switching transistor () for 5 generatin
control signal that is coupled to said second

swi t chi ng Transi stor
for reducing a conductivity of said second switching tran “‘“m “\“\
when said current (i3) in said second sw tching transisto “ﬂ“ﬁ
a ~ predetermned magnitude to provide an over-current 10 pﬂotéctlon
8. A television deflection apparatus. wth a prot ecti oh- arr angenent,

conpri si ng: a source of a first input signal at a frequency

that is rel gigedotgraqf bgi&egﬁféﬁ&t% A I %ai 5f1.rst indyctarfcd €t race
r esonant CIFCUIt I nclu ectlon w nding and a TIrst retrace
capaC|tance W,). a first switching transistor responsive to said
first input signal ané.cofnl appapatus cacodrding rtes Claim 4 circuit for -

generating & 4&%&&%&5&{%{1& %a?@'ét{ el Wg?@h@g gnd a first
retrace pul se voltage e capacitance. during a
retrace ¥ nt &ipgde ¢P;) anda“BFVéh“d%@%%cf#QﬁF yotance comprises ay second

retrace capqmnﬂmnnqewdmﬂﬂhgd(wQ)safda flyback transformer (T,).
7. A television deflection apparatus with a
protection arrangement, comprising:
.a source of a first input signal at a frequency
10 that is related to a first deflection frequency;
a retrace resonant circuit, including a
deflection winding and a first retrace capacitance;

a first switching transistor responsive to said
first input signal and coupled to said retrace resonant
15 circuit 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 éiven deflection cycle;

a second retrace capacitance coupled to said

20 retrace resonant circuit for generating in said second
retrace capacitance a second retrace pulse voltage durlng
said retrace interval; :

a source of an input'supply voltage;
a load circuit;
25

a supply inductance coupled to said source of
1nput supply voltage and to said first switching transistor
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
30 retrace interval; ’

a source of a modulation second 1nput signal at a
frequency that is related to a second deflection freguency;
_ a second switching transistor responsive to said
first and second input signals and having a main current
35 conducting terminal that is coupled to said second retrace
capacitance for vérying, in accordance with said second
input signal, a time difference between initiation of said
second retrace pulse voltage and initiation of said first
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retrace resonant circuit for generating in said second 25
capaci tance a second retrace pul se vol tage during Said ret

interval ;. a source of an input supply volt m‘ \&ﬁg“ “
aload circuit; a supply inductance coupleg souf ce
of 30 I nput supply vol tage and to saiggfirst swtching trén5|stor

for coupling said first and second retrace pul se vol tages

therethrough to said load circuit and for replenishing energy | osses

in said retr Xe8ragecRubEe (Yokkade 4& pProdugeda m°d“1¢%7é91hcﬁzf isgddrval ; 35

_-"‘

a source of detmdutﬁbnoeusremmmichanﬂctﬁmﬁaaa By a. frequency that is
related to a second defl uancy, .

sw t chi ng tran5|stor res onsﬁg %%éa 3¥spon51¥e cP%%%g%S i3 put
signal s that gwﬁa;n §g;¢6§gcond switching tran81stor (Q2) for

5 generating a control signal that is coupled to said second
switching transistor (Q2) for reducing a conductivity of
said second switching transistor (Q2) when said current
(13) in said second switching transistor (Q2) exceeds a
predetermined magnitude to provide an over-current"

10 protection. '

8. A television deflection apparatus with a
protection arrangement, comprising:

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

-185 "a retrace resonant circuit, including a
deflectxon winding and a first retrace capacitance;

a first switching transistor responsive to sald
first input signal and coupled to said retrace resonant
circuit for generating a deflection current in said

20 deflection winding and a first retrace pulse voltage in
said first retrace capacitance durlng a retrace interval of
a given deflection cycle;

a second retrace capac;tance coupled to said

retrace resonant circuit for generating in said second
25 retrace capacztance a second retrace pulse voltage during
said retrace interval; _

a source of an input supply voltage;

a load czrcuzt,_

a supply inductance coupled to said source of

30 input supply voltage and to sa;d first switching transistor
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
retrace interval; ’

35 a source of a modulation second 1nput signal at a
frequency that is related to a second deflection frequepcy,

a second switching transistor responsive to said
first and second input signals i a main current

28 SEP 19%
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-19- conducting termnal that is coupled to said-seconrd—retrace
capaci tance for varying, in accordance with said second

ti'me di-fference between initiation of said second m mniﬂ“mrt age
and initiation of said first 5 Tetrace pul se voltage t

nodul ati on of said defl ection currgnt; characterlzed by

source (201) of an on/off control signal” (201a) coupled to a control
term-nal (base) of said second switching transistor (@) for disabling
t he gener at ¢omawdtirty ﬁewixﬁaf thatl €8 eotpEed té28aiy SV iredrased second

tching t de of
out L0 LGSt o e VARV SoUERRR BEVEGd secorPl® O
(i2) by enabhpwh signaly wihime qifferrnae betyeensinitiation o Beadidng

transi stor §&EondUrétace PWle &dltagemadd 9hiePetRbhOHf said first

5 retrace pulse voltage to produce a modulation of said
deflection current; characterized by

a source (201) of an on/off control s1gna1 (201a)

coupled to a control terminal (base) of said second
switching transistor (Q2) for disabling the generation of
said deflection current (iz) by rendering said second
switching transistor (Q2) nonconductive during a power-off
‘mode of operation and for enabling the generation of said
deflection current (iz) by enabling the switching operation

of said second switching transistor (Q2) during a power-on
‘15 mode of operation.

10

9. A television deflection apparatus with a
protection arrangement, comprising:

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

a retrace resonant circuit including a deflection
winding and a first retrace Capac1tance,

‘a first switching transistor responsive to said
flrst input signal and coupled to ‘said retrace resonant
circuit for generating a deflect;qn 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
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; '

.a supply inductance coupled to said source of
input supply voltage and to said first switching transistor
for coupling said first and second retrace pulse voltages
therethrough to said load circuit and for replenishing

20
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9. Atelevision deflection apparatus with a prot:ﬁéL;P/QLLaﬁggﬁggﬁ/’
conpri si ng: a source of a first input si mcy
that is'related to a first deflection frequency; 20 \\“\ \\F@

v ade

resonant circuit "including a deflection wi ndi ng an ‘&
capaci t ance; a first smﬁ#ghing transisto espohisi ve to said
first input signal and coupled to said fefrace resonant circuit for
generating a deflection current in said 25 deflection winding and a first
retrace pul sengsgradesses in said deftirace resonantcejrcuitaduwrityr sagda.
retrace intepédiraek intervapi ven deflection cycle;, a second
retrace capacitance coupled to s retrace resonant circuit for

Sf & moda

generating in said secBn@® lation £8AERA ARRMY, Rignadr adeapul se
vol t age dum|ﬁ§equenCYs§hdtrhsrEﬁk&Mmidxwalsecond deflection fresmency;of an

i nput supply voltage; a second sthch1d§1ﬁ¥@ﬂ $Et6Y having a con a
suppl y mpluct&rsi%q{%ﬂ g& 19 s&id ive sa:.%Sf:L'rg ul %Q&Jné’%,fa e and
to said first | %\ﬁs?esﬁ%‘?n pu
signals a main current conducting terminal that is
coupled to said second retrace capacitance for varying, in
~accordance with said second input signal, a time difference
between initiation of said second retrace pulse voltage and
initiation of said first retrace pulse voltage to produce a
modulation of said deflection current; characterized by -
a diode (Dl) having a first terminal (anode) that
is coupled between said first (Q1) and second (Q2)

15 switching transistors and a second terminal (cathode) that
is coupled to a terminal of said supply inductance (w ) for
preventing a retrace pulse voltage that is developed at a
junction terminal (50) between said first (Ql) and second
(Q2) switching transistors from exceeding a p:edetetmined

20 level so as to provide an over-voltage protection.

10. A television deflection apparatus,
comprising:

10

a defléction resonant circuit including a
deflectlon winding and a retrace capacitance;

a source of an input first signal at a frequency
that is related to a first deflection frequency;.
- means responsive to said input first signal and
being coupled to said deflection resonant circuit for
generating a deflection current in said deflection winding
30 at. said first deflection frequency;

_ a remote receiver for generating an on/off
control signal;

25

) a source of a modulation second signal;
characterized by
35 a side pincushion correction circuit (200)
responsive to said second signal (V3) and coupled to said
deflection current generating means (Q1) for modulating
said deflection current (i,) to provide side pincushion v

REPLACEVET SR
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for coupling said first and second retrace pul se volta
therethrough to said load circuit and for replenishing

energy-losses in said retrace resonant circuit duri W

i nterval ; a source of a nodul ati on seco v sifgnal at a
frequency that is related to a second dgflection frequehcy; 5 a
second switching transistor having a control termnal that is
responsive to said first and second i nput signals and a nmain current

conducting £giPedfiohNa8aid side pincushion correction circuit (200)
' being responsive to said on/off control signal (20la) for
disabling the operation of said side pincushion corection

circuit (200) to prevent the generation of said deflection

S current (iz) and place said deflection apparatus in a
- standby state.
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coupled to said second retrace capacitance for wvarying, in accordance
with said second input signal, atinme difference 10 between initiation of

sai d sertond retrace pul se voltage and initiation of said first retrace
pul se‘vol tage to produce a nodul ati gn of said deflection current;
characterized by ' a diode2z-Dierr]) having a first term nal
(anode) that I's coupl ed between said first (Ql) and second (@) 15
swi tching transistors and a second term nal (cathode) that i s coupl ed
to a term nal RROTRCIION ARBANGEMENT! OFt A DERLECHIen IdTRCGTIr preventing a
retrace pul se voltage that is devel oped at a _junction term nal (50)

between said first (Jerr]) and secor®BSTRACE (p) switching transistors. from
exceedi ng a predet er m dedeFlectionctwitcls(gh) whH\a dhordzontel- vol t age

protection. - geflection circhit f256) Yt SLABHIEH |3F!d 1388’ Pbkidnant
conprising: " ) a defl'eclion resonant C|rcdw£1_1|nc udi ng_a
defl ection wiFHEGREtafd00 ) dhakcdncipdes aherizontal deflectiol YHAIRG of an
input first s(gpplamd @ firsticetyace capaeitamce o{Giied 2o fiybackt _
ey o tmer primary windifl§2(R, j S0 GGipTed €o°d JuhBRibn' ' ISt
terminal (collector of Q1) of the deflection switch (Q1) -
and the retrace resonant circuit. An East-West modulation
current is generated by a bidirectional second switch (Q2)
10 having a conduction time that is phase modulated durixig
horizontal retrace at a vertical rate in a parabolic
manner. The second switch (Q2) is coupled in series with
the deflection switch (Q1) during the entire trace
interval. To prevent an over-current condition when the
15 current in the second switch (Q2) exceeds a p'redetre:mj.ned
first level, the second switch (Q2) is turned off and
interrupts the flow of current through the deflection
switch (Q1). Additionally, a diode_a (Dl) is coupled
between an intermediate terminal of the.transformer primary -
20 winding (Wl) and a junct:i._on terminal of the deflection (Q1)
and the second (Q2) switches for preventing an overvoltage
condition from developing across the second switch (Q2).

- Reference Indicia Are From Fig. 2
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bei ng. coupl ed to said deflection resonant circuit for generating a
deflection current in said deflection w nding 30 at.said first deflection

frequency; - a renote receiver for generati.ng an on/off
control signal; a source of a nodul ati on.second signal;
characterized by 35 a side pincushion correction circuit (200)
responsive to said second signal (V3) and coupled to said defl ection
current generating neans (QL) for nnnu!atlng sai d defl ection current

(i2) to provide side pincushion




correction, said side pincushion correction circuit (200) bei ng
responsive to said on/off control signal (201a) for di sabling the
oper at ¥on of said side pincushion corection circuit (200) to prevent the
generation of said deflection 5 current (i[err]) and place said

deflection apparatus in a st andby state.
L
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