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SWITCHED MODE VERTICAL DEFLECTION SYSTEM
~ AND CONTROL CIRCUIT

This invention relates generally to the field of deflection
systems for televisions, and in particular, to switched mode
vertical deflection systems and control circuits for same.

Switched mode vertical deflection systems derive power from
horizontal deflection energy, by storing a portion of a horizontal
trace or retrace energy each horizontal deflection cycle. The energy
is supplied to a vertical deflection winding in order to provide the
desired vertical deflection current in the deflection winding. The
amount of horizontal rate energy stored -each horizontal interval is
closely controlled in order to provide the correct amount of vertical
deflection current.

A typical output stage for a switched mode vertical deflection
system may include a thyristor, for example a silicon controlled
rectifier, coupled in parallel with a diode. The cathode of the
thyristor and the anode of the diode are coupled to ground. The |
ungrounded terminals of the thyristor and diode are coupled in series
with a storage coil and a winding of the integrated high voltage
transformer (IHVT) and the vertical yoke, or deflection coil. A
storage capacitor may be coupled between the juhction of the
winding of the integrated high volfage transformer and the vertical
yoke and ground. Horizontal retrace pulses are coupled through the
integrated high voltage transformer to the winding. The thyristor
and diode, and the storage coil effect horizontal rate charging and
discharging of the storage capacitor, the storage capacitor supplying
vertical deflection current. Several switched mode deflection
circuits, including the one described above, -are illustrated in U.S.
patent 4,544,864-Haferl. |

‘ Such a switched mode vertical deflection system can be
controlled by pulses supplied to the. gate of the silicon controlled
rectifier, to control conduction thereof. Such control circuits often
comprise a comparator, for example an_operational amplifier, having
a horizontal rate famp signal as one input and a vertical rate ramp
signal as another input. The vertical rate ramp signal may be
generated by a conventional ramp generating circuit which supplies
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trace or retrace energy each horizontal deflection cycle. The energy S
supplited to a vertical deflection wnding in order to provide the 10
desired vertical deflection current in_the deflection w ndipga 88860
anount of horizontal rate energy stored each horizontal interval is
closely controlled in order to provide the correct amount of vertical .

defl ection current. A typical output stage for a swi tched node
vertical deflection 15 system nmmy include a thyristor, for exanple a

si | ihcgn _C?Dt)h@drmht to a@dhtégrator,cmrpbﬁdgiMeParea;bad_:itcwi,t\Wh&:miisde. The
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of the 5 nt@gyabavea §C wompopent; & A eempeirent,or\kathi cal yoke and
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Hgh Vo algaemprgmlgsna rrrr;%& a?so %ee V;\)nor\]rvérré% by ngritzox{allsﬁg%ack pulses.
Typically, the horizontal rate ramp signal is developed from clipped
flyback pulses which are AC coupled to an integrator. The resulting
10 ramp is added to an independently generated DC reference level and
coupled to one input of the amplifier or comparator, for example the
inverting input. The independently generated DC reference level sets
the DC reference level for the ou_tpUt of the amplifier or comparator.
A horizontal rate ramp generator as described above can cause
15 distortion of the raster. The AC coupling of the flyback pulses has
-~ an inherent time constant, which can adversely affect the vertical
rate feedback gain and can adversely affect linearity. However, such
an arrangement was thought to be necessary in order to avoid
distortion of the horizontal rate ramp signal due to amplitude
20 variations of the horizontal flyback pulses. Amplitude variations of
horizontal flyback pulses can result from variations in beam current
loading and from transient disturbances during the transition from
vertical retrace to vertical trace. Vertical rate timing
disturbances, particularly in switched mode vertical systems, can
25 alter the amplitude, period and width of the horizontal flyback '
pulses. The timing disturbance is of course at a vertical rate. - The
AC coupling of such an arrangement also makes it necessary to
generate the DC reference level for the amplifier or comparator.
It is an aspect of the invention to improve transient response
30 of switched mode vertical deflection systems by providing an
improved circuit for generating the horizontal rate ramp signal and
establishing the DC reference level for the amplifier or comparator.
In accordance with this aspect of the invention, the horizontal
flyback .pulses are utilized for generating a horizontal rate ramp
35 with only DC coupling through' to the amplifier or comparator, rather
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25 and diode, and the ét.orage coil effect horizontal rate charging and
di scharging of the storage capacitor, the storage capacitor supplying
vertical deflection current. Several _C§\1vi tched node deflegfd,qrq? EGO

| S,

cireuits, including the one described above, are illustrate

pat ent 4, 544, 864-Haferl. 30 Such a switched node vertical deflection
system can be controll ed by pul ses supplied to the gate of the silicon
control |l ed rectifier, to control conduction thereof. Such control

Ci rlcu} ts ﬂ}‘qér?!l\c cousIgpr | meaDe)lrfeféraheé, level _dixﬁhl'éﬂh%ri&@n‘?@le?@ﬁei eag:lp
Vertical |+ SEDA aptssthe SPGneleenta 1Rk 1Gintns IMPIGRY BLaoTRAER SR
signal may be A switoherdhtmddby deflectivansystemh accgrdiegetoatthisy aspenti of
whi ch suppPl£Snvention comprises: a switched mode deflection output stage

5 for driving a deflection coil; a negative feedback path for a feedback
signal related to deflection current; and, a generator for a first
deflection rate waveform. A control ‘circuit comprises a signal
generator and a comparator. The signal generator is coupled to a
source of flyback pulses for developing from energy in the flyback .

10 pulses a second deflection rate waveform having a predetermined
and substantially constant DC voltage reference level set by
'op_er-ation of the signal generator. The comparator has a first input
coupled for receiving the second deflection rate waveform, has a
second input coupled for receiving the first deflection rate

15 waveform and the feedback signal and has an output controlling
switching. in the output stage. The amplifier output has a DC voltage
reference level corresponding to the DC reference level of the first
deflection rate waveform. The signal generator is DC coupled
between the source of flyback pulses and the comparator.

20 More particularly, a switched mode vertical deflection system
according to this aspect of the invention comprises: a switched
mode’ vertical deflection output stage for driving a vertical
deflection coil; a feedback circuit for generating a feedback signal
related to vertical deflection current; and, a circuit for generating a

25 vertical rate ramp signal The comparator or amplifier has an output
controlling switching in the output stage. The first input of the -
comparator, for example a noninverting input, is coupled for
receiving the vertical rate ramp signal and the feedback signal. The
signal generator is DC coupled between the source of horizontal

30 ﬂyback pulses and the second input of the comparator, for example
an inverting input, for developing from energy in the horizontal
flyback pulses a horizontal rate ramp signal having a predetermined
and. substantially constant DC voltage reference level. The amplifier
output has a DC voltage reference level corresponding to the DC

3s reference level of the horizontal rate ramp signal.
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DC current to an integrator, for exanple a_capacitor, which is
periodically reset at a vertical rate, for exanple by vertical reset

pul ses. The vertical rate ranp signal is,conbined with a feggh ﬁﬁ? o
signal related to vertical deflection cufrent. The feedback '$1°Q 9§0 may

have a DC conponent, an AC conponent, or both. The hori zont al
rate ranp generator for the horizontal rate ranp signal nmay al so be
powered by horizontal flyback pul ses. Typically, the horizontal ‘rate

it signal Is ﬂf‘fﬁl’tﬂ%‘?da&fﬁmﬂéé’nﬁﬁh this " A¥PEEE P UNE IV BN 2 theC
comparator and the output stage as previously described, may be
alternately be thought of as an amplmer stage. In this
configuration, a deflection system, comprises: a signal generator, an
s amplifier, a negative feedback path and a vertical rate waveform
generator. The signal generator is coupled to. a source of flyback
pulses for developing from energy in the flyback pulses a horizontal
_rate drive signal having a predetermined and substantially constant
DC voltage reference level. The amplifier has a first input coupled
10 - for receiving the horizontal rate drive signal and an output coupled
to a deflection coil. The ampilifier output has a DC voltage reference
level corresponding to the DC reference level of the horizontal rate
drive signal. A DC feedback signal on the negative feedback path is
related to deflection current. The feedback path is coupied between

15 the coil and a second input of the amplifier. The vertical rate
waveform is also coupled to the _second‘ input of the amplifier for
modulating the horizontal rate drive signal. The output of the
amplifier is a pulse width modulated control signal for a switching
element, for example a silicon controlied rectifier.

20 The timing control circuit for vertical deflection can assume a
free running mode during channel change, when vertical
synchronizing pulses are no longer available. The free running
frequency is somewhat slower than the normal vertical deflection
rate. This increases the period and amplitude of the vertical rate

25 ramp signal, which can disturb the vertical position of on screen
displays during channel change. An adjustment of the vertical rate
ramp, in either period or slope, or both must be made in order to
avoid disturbing such on screen dusplays A control signal can be
generated, for example by a microprocessor, for initiating such a

30 change in the vertical rate ramp generator. A transistor switch may
be activated to change the time constant of the ramp generating
network, for example, during channel change. However, there is a
residual transient period of time after vertical sync is established
again, but before the vertical deflection system has assumed a

35 steady state condition. In previous -circuits, for example that shown
in U. S. Patent No. 4,795,949 - Wilber, a certain'time delay in
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10 ranp is added to ‘an i ndependent|ly generated DC reference | evel and
coupled to-one input of the anplifier or conparator, for exanple the
inverting input. The independently genergted DC ref erence IR 88080

the: DC reference-level for the out put of the anplifier or conpar ator.

A horizontal rate ranp generator as descri bed above can cause 15 distortion
of the raster. The AC coupling of the flyback pul ses has an i nherent
time constant, which can adversely affect the vertical rat e feedback
gain and cegswading sgyneratlbncbfltheestéady stateevamp sechrs dueartoasigmajenent
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' additional predetermined period of time, in order for the transient
disturbances associated with reestablishing vertical sync to

10 dissipate. In accordance with this aspect of the invention, a
capacitor is charged by the control signal, which also provides base
drive for a transistor switch. The capacitor remains charged, and
can not begin discharging, until after the control signal terminates.
After termination of the control signal, current from the capacitor .

15 can maintain base drive of the transistor switch for a predetermined
period time, for example, approximately three milliseconds.

FIGURE 1 is a circuit schematic for a switched mode vertical
deflection system having a control circuit in accordance with
aspects of this invention.

20 FIGURES 2 and 3 are waveform diagrams useful for illustrating
operation of the deflection system shown in FIGURE 1 near the start
of vertical scanning. : :

FIGURES 4 and 5 are waveform diagrams useful for illustrating
operation of the deflection system shown in FIGURE 1 near the

25 - center of vertical scanning. -

FIGURES 6 and 7 are waveform diagrams. useful for illustrating
operation of the deflection system shown in FIGURE 1 near the end of .
vertical scanning.

FIGURES 8 and 9 are waveform diagrams useful for illustrating

30 operation of the deflection system shown in FIGURE 1 at vertical

' retrace. .

A switched mode vertical deflection system and control
circuit comprises generally an output stage 10, a feedback stage 12,
a vertical rate ramp stage 14, a horizontal rate ramp stage 16 and a

35 vertical rate ramp modifying stage 18, operable during channel
change. In output stage 10, diode D4 is conductive during the
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AC coupling of such an arrangement al so nmkes it necessary to
the DC'reference | evel for the anplifier or- conparator.

gener at e

It

IS an

aspect of the invention to inprove transgent response 30 of Reys tgdegonode

vertiical deflection systens by providing an i nproved circuit for
generating the horizontal rate ranp signal and establishing the DC
reference level for the anplifier or conparator. I n accordance with
this aspect of the invention, the horizontal fl yback pul ses are
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voltage transformer, to charge capacitor C11. The charge on
capacitor C11 causes a deflection current to flow from capacitor
C11 through the coil of the vertical deflection yoke. A thyristor, for
example silicon controlled rectifier SCR is conductive during a

- portion of a horizontal trace interval. During conduction of the SCR,

current flows from capacitor C11 through winding W and storage
coil L to ground through the SCR. The conduction time through the
SCR is controlled by the output of control circuit 16. Resistor R23 .
is connected in parallel with the deflection yoke .as a yoke damping
resistor. Resistor R20 provides vertical centering. '

Feedback stage 12 receives a vertical rate, generally parabolic
feedback signal V4. The yoke current 1y is AC coupled by capacitor
C3 to sense resistor RS. An AC feedback signal component Vs
related to deflection current is coupled through resistor R10 to a
summing junction 20. A DC feedback signal path through resistors
R11 and R12 is also coupled to summing junction 20. The DC
feedback signal path includes an RC network comprising capacitor
C20 and resistor R13. This network effects an integration of the
generally parabolic feedback signal to provide a generally S-shaped
feedback signal V3, also related to deflection current.

Vertical rate ramp stage 14 includes a transistor Q6 coupled
in emntter-follower configuration. Flyback pulses coupled to a
resistor network including resistors R14, R22 and R39 are rectified
by diode D2 to develop a DC voltage source across capacitor C4 and
resistor R43. During normal operation, other than during channel
change, the DC bias on the base of transistor Q6 is fixed by resistors
R7 and R4. The DC signal is integrated by capacitor C19, to develop
a ramp. Vertical reset pulses Vg coupled through resistor R1 to the
base of transistor Q5 periodically cause conduction of transistor Q5
to discharge capacitor C19 at the vertical deflection rate. The pulse

- width of the vertical reset pulses is designated Tygr. Pulse width

Tyr is reflected in waveforms V4 and Vg. The base of transistor Q5
is biased by resistor R3. The result is a vertical rate ramp V4 at the
base of Q6, which appears with only slightly reduced amplitude at
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t han AC coupling. The DC reference |evel of the horizontal rate ranp
signal-ssets the DC reference level for the anpli fier of conparator.

A switched node deflection systemaccordigng to this. aspect gfr. A g5id8d:

i nvention conprises: a switched node-defiection output stage 5 for
driving a deflection coil; a negative feedback path for a feedback

signal related to deflection current; and, a generator for a first
deftection rate waveform A control circuit conprises a signal

generat or 4nhe emittepafatransistbe @BgnaA fpedtbarkopatts foomeidebyt vesistor sour ce
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subst ant | alShPWIbbt asignat Voot d9eOrder tencempensate dorbgertain afistastipon of
cerving (R0 Netbardl DARED TN Yebar vt MnpBiinal is ESuples o
5 summing junction 20 through resistor R9 Resistor R22 is a variable
resistor which provides for variable height adjustment.
“Control circuit 16 includes a comparator U1 and a horizontal
rate ramp generator formed by Zener diode Z1, capacitor C22 and
. resistor R26, which are coupled in parallel with one another. The
10 terminal of the parallel combination including the anode of Zener
diode Z1 is grounded. The terminal of the parallel combination
connected to the cathode of Zener diode Z1 is coupled to one input of
comparator U1, for example an inverting iriput, and to the cathode of
diode D1. The horizontal rate waveform is generated from energy in
15 the flyback pulses because the horizontal rate ramp generator,
having no active switches or amplifiers, is a passive network.
Flyback pulses are coupled to the an_odé of diode D1 through resistor
R42. Another input of comparator U1, for example a noninverting
input, is coupled to summing junction 20. Waveform Vg reflects the
20 combination of vertical rate ramp V4, AC feedback signal V5 and DC
feedback signal V3. The output of comparator U1 is coupled to the
gate of the SCR through resistor R19. |
The control circuit 16 develops both the DC voltage reference
level and the horizontal rate reference ramp required for controlling
25 the switched mode vertical output stage. Comparator U1 functions
as a combination error amplifier and voltage to phase converter.
During the flyback pulse part of waveform V5, current through
resistor R42 initially charges capacitor C22 to the rated voltage
Zener diode Z1, 6.2 volts for the example shown. Thereafter, current
30 supplied through resistor R42 flows to ground through the Zener
diode. After the flyback pulse ends, diode D1 becomes reverse
biased. Capacitor C22 then discharges through resistor R26 defining
the required ramp. The resulting ramp is substantially independent
of variations in the amplitude of the flyback: pulses of voltage signal
35 .Vy. The reference Zener can be driven to the full 171 specification
with negligible power, due to the small duty. cycle of the Zener
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second i nput coupled for receiving the first deflection rate 15 waveform

and the feedback signal and has an output controlling swtching in the’
out put stage. The anplifier output has agDC voltage r eRer/ngs dety el
corresponding to the DC reference | evel of the first deflection rate
wavef orm The signal generator is DC coupled - between the source of

fl yback pul ses and the conparator. 20 More particularly, a swtched
node vertical deflection system according to this aspect of the

“invention currptmsei'heaDﬁ\nretéredce Ievelrmietheerampa$|gdai Ib@thmes ahepDC st age
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or arrpl i fi §Dc8é§sﬁé ParnpUshape ptfsd 't Sighl svgtw.lnl@a ddmplRy aytaput stage.
The fi rst

t t,
(o coupt eadffprent anaeeypwﬁfgwgﬁé ‘thaher devel B Verfipds Tate {‘rvagﬁ,a' g i npu
f eedback e 3proﬁwes the Pogeskagemoduktion Ifﬁ)cgm|@]hd]ﬁ§tmrbﬂ oo sour ce

g;agglrgzon 'yow K 9UIrt|ScaiQI %eﬂec?onscezﬁgrré%tl nput of the conparator, for
In each of FIGURES 2-9, the upper waveform reflects the
output of the comparator U1, namely the difference of signal Vg -

10 signal Vg. In FIGURES 2, 4, 6 and 8, the lower waveform is the
current 1 through the storage coil and transformer winding, and the
time scale is the horizontal deflection rate. In FIGURES 3, 5, 7 and
9, the lower waveform is the current 1y through the yoke, and the
time scale is the vertical deflection rate. The time position of the

15 waveforms in FIGURE 2, shown in the expanded time scale of the
horizontal rate, is indicated by the dark vertical bar and
corresponding legend Start of Vertical Scan in FIGURE 3. The time
position of the waveforms in FIGURE 4, shown in the expanded time
scale of the horizontal rate, is -indicated by the dark vertical bar and

20 corresponding legend Center of Vertical Scan in FIGURE 5. The time
position of the waveforms in FIGURE 6, shown in the expanded time
scale of the horizontal rate, is indicated by the dark vertical bar and
corresponding legend End of Vertical Scan in FIGURE 7. The time
position of the waveforms in FIGURE 8, shown in the expanded time

25 scale of the horizontal rate, is indicated by the dark vertical bar and

~ corresponding legend Vertical Retrace in FIGURE 9.

' Horizontal retrace pulses forward bias the diode D4. Current
1 flows from ground through diode D4, through coil L and through
winding W to charge capacitor C11. Diode D4 becomes reverse

30 biased during horizontal trace and stops conducting. Capacitor C11
discharges during horizontal trace, causing deflection or yoke
current Iy to flow 'through the vertical deflection coil. Current 1,
and therefore current 1y, would be substantially constant, but for

~ the action of the SCR. The SCR conducts responsive to gating pulses

35 supplied by the comparator U1. The .gating pulses occur during a

portion of each horizontal trace interval When the SCR conducts,
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an inverting input, for -devel oping from erie'rgy in the horizontal
flyback pulses a horizontal rate ranp signal having a predeterm ned
and substantially constant DC vol tage reference | evel. The ®RQA B66360
out put has a DC vol tage reference |l.evel corresponding to the DC 35
reference | evel of the horizontal rate ranp signal.
4
some of the current discharged by capacitor C11 is diverted from 1y
through the winding W, the storage coil L and the SCR to ground,
during which time the flow of current 1 is negative. Each
successive horizontal trace interval is associated with a

5 progressively longer -gating conduction interval of the SCR, which
results in more negative current 1, and less yoke deflection current
Iy. The progressive increased conduction of the SCR and the
corresponding decreased amount of yoke current 1y defines the
desired sawtooth vertical deflection waveform. '

10 In FIGURES 2 and 3, near the start of vertical scanning, the SCR
is gated on for a near minimum time, current 1| is mostly positive
and deflection current 1y is near maximum. In FIGURES 4 and 5, near
the center of vertical scanning, the SCR is gated on for near to half
way between minimum and maximum, current I is approximately

15 half positive and half negative, and deflection current 1y is near to
half way between minimum and maximum. In FIGURES 6 and 7, near
the end of vertical scanning, the SCR is gated is gated on for a near
to maximum time, The current 1, is much more negative than
positive, and the deflection current Iy is near to minimum.

20 During vertical retrace, shown in FIGURES 8 and 9, the SCR is
turned off because no gating pulses are provided by the comparator
during most of the duration of the vertical reset pulse, shown in
waveform Vg.' The diode D4 is forward biased during part of each
horizontal retrace pulse, providing positive current 1, to charge

25 capacitor C11. Capacitor C11 is also charged by energy stored in the
inductance of the vertical deflection coil. As soon as the magnitude
of the combination of the vertical rate ramp signal V4 (V1o as
modified), AC feedback signal Vo and DC feedback signal V3 at
summing junction 20 is Iarge enough to establish a sample level for

30 horizontal rate ramp. signal Vg, the ‘SCR begins progressive
conduction again for the next vertical trace interval.

The horizontal rate ramp generator is DC coupled between the
source of horizontal flyback pulses and the noninverting input of the
comparator U1. This improves the_transient response of the entire

35 control system, as the control system is not prone to adverse
disturbance of vertical feedback gain and disturbance of raster
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In further accordance with this aspect of the invention, the conpar at or
and the output stage, as previously described, nay be alternately be
t hought of as an anplifier stage. In t}l § configurati ogaa ﬁgtlon
system conprises: a signal generator, an 5 anplifier, a negatlvé eedback
path and a vertical rate waveform generator. The signal generator is
coupled to a source of flyback pul ses for developing fromenergy in the
fl yback pul ses a horlzontal rate drive signal having a predetermn ned

and subst giHdzH @\mr the ﬁ@rrz@ln&algeafeefrsmcs@gh@lvehn Bee anplifier.

has a first In t cou re n hor,l zont al,, rate dr,i ve
si gnal and@®¥ ?ﬂu‘{v'tg'oaplpéﬁde emi'Beg h)(g '%é?f%?%d?\’ LT ANY ifeW&Sut put
has a DC Vcdrhﬁaﬁehﬁ ethalncgenerallyv&qu]md .esponding to the DC reference
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yr;gl ?’feirtG'r‘éﬁ}stéﬁ{seassurﬁ@‘éeff%é“rhﬁnmgg‘?n&&épéfeﬁpbi’aﬁ&? AeQoRdqLBREY of the
slightly lower than the vertical deflection frequency when vertical
synchronizing pulses are lost. This prevents vertical collapse of the
raster, and subsequent damage to the cathode ray tube. The time

10 between successive vertical reset pulses in signal Vg will be
increased during the free running mode, as a consequence of the
reduced frequency. The increased time between adjacent vertical
reset pulses results in the amplitude of the vertical rate ramp V4
increasing undesirably, which can in turn disturb the position of on -

15 screen disp|ays which are intended to remain in place during channel
change. Vertical rate ramp modifying circuit 18 compensates for
this undesirable amplitude variation of the vertical rate ramp signal
V4. A microprocessor 30 controlling many functions of a television
generates, inter alia, a channel change (CH. CHG.) signal Vg coupled

20 to the base of transistor switch Q4 through resistor R49. Resistor
R44 is coupled from the channel change output pin to a +5 volt
supply, which is also coupled to the collector of transistor Q4. A
network comprising resistors R46 and R50 and capacitor C27
provides an output signal designated SYNC KILL used elsewhere in

25 the television system. The channel change signal is also coupled to
the output pin of the microprocessor designated TV PIX by diode D3.
Accordingly, the output of the channel change pin can generate a TV
PIX signal, but a TV PIX output will not be effective as a channel
chang'e control signal. The junction of resistor R50 and diode D3 is

30 an on screen display position control signal designated OSD POS.

' Diode D11 becomes forward biased when transistors Q4 conducts,
charging capaci.tor C25 and providing base drive to transistor Q7
through resistor R16. The base of transistor Q7 is biased by
resistor R46. When transistor Q7 conducts, resistor R45 is coupled

35 in series between the junction of resistor R4 and the collector of
QS5, and ground. This effectively changes the DC reference of the
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nmodul ating the horizontal rate drlve signal. The output of the"

anplifter is a pul se width nodul ated control - ssignal for a swtching

el ement, for exanple a silicon controlleq rectifier. 20 ch\}ﬁp pm ng
control circuit for vertical deflection'can assune a free runnlng node
during channel change, when vertical’ synchron|2|ng pul ses are no

| onger available. The free running frequency is somewhat slower t han
the normal vertical deflection . rate. This increases the period and
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vertical position on s durin nne . An
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both nust $marisl netsemdeAccordmgly,amny dnstsorénmgilsplalysooaecnemam

'ﬁli?hﬁ?ice&% QW%JW P BosiRlh g, SREATRECRande! pEFGERARY nfse. o

gener atsor . p@sntloaadl eear thei toph ofethe rastenesaclma@tqé‘@w dHaHﬁQ@W heltine
constant Ofyd %sbfﬁge 8P P Rl changééftqbvﬂhl di haFXEH@'o?eerlbh“Gf channel
ereis t d

change. However rans nt peri of tinme after
vertical syerical é%lﬁatﬁ&ﬁﬂhe%lfcwt 147is not aftected.
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again, but before t
state ‘condition. | l“m[l

ction system has assunmed a 35 steady é
WHH r for exanple that shown in U
S Pat ent No. 4,795,049 -1 bey, ‘@ certajn time del ay in
resum ng generation. of the steel% state ranp occurs %Gé‘ Pé %@%nal
propagatlowﬁlgleilg lhﬂnb&eéeedb“k path fromthe vertical yoke to the

1. A deflection system, characterized by:

a passive network (16) coupled to a source of flyback pulses
(V7) for generating from energy in said flyback pulses (V7) a
herizontal rate drive signal (V8) substantially independent of

- amplitude variations in said flyback pulses (V7) and having a
substantially constant DC voltage reference level;

an amplifier (U1,10) coupled for receiving said horizontal
rate drive signal (V8) as an input and having an output control
signal for driving a deflection coil, said control signal having a
DC voltage reference level corresponding to said DC reference
level of said horizontal rate drive signal (V8);

a feedback stage (12) for a signal (V1) related to deflection
current coupled from said coil as an input of said amplifier
(U1,10); and,

means (14) for generating a vertical rate waveform coupled
to said amplifier (U1,10) as an input, for pulse width modulatmg
said control signal. :

2. The system of claim 1, wherein said passive network
(16) is characterized by a Zener diode (Z1), a capacitor '(022)‘ and
a resistor (R26) in -a parallel network, said network (16) having
one junction coupled to one of said amplifier inputs and the other
junction coupled to ground. -

3 The system of claim 1, wherein sald amplrfrer (U1,10) is
characterized by:

a.comparator stage (U1) generating said pulse width
modulated control signal responsive to said horizontal rate drive
signal (V8), said vertical rate waveform (V4) and said feedback
signal (V1) and,

a switched output stage (10) controlled by said pulse width
modulated srgnal

4. The system of claim 1, characterized in that said
horizontal rate drive signal and said vertical rate waveform are
ramp signals.
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control circui t.—Suvh‘dETm circuit specific, and not .
necessarily a chamnm uﬁm |mu)ﬂl vertical deflection systens. 5

I n accordance wit li of.it3he invention, .the RCAWSOE0
responsi ve to a chdnnél bha'hge rél ated control signal can be hel d
positively and intentionally in a .conductive condition for an

dd I d d f
1ot b bancen soBuortheFele 31 Sbu) TCiriadiefBed M SHE 815 °H ool pace.

| n accor dapassiwet newmsk a(sﬁeeod:om’pnsles anZener adipde (Z1) fapsetting as char ged
by the CO”HﬂmﬁJrﬂ”ﬁhplYi’ﬂhﬁh |€V%|Of(9|r gs‘ﬂlgeﬁohiﬁﬁtal rat‘er 'dgﬁlef Sigia af ransistor

switch. The capacitor I'Schar gi ng,

until aftefV Bheartd)r&ettjngssgtdecereﬁenenee level fAft%aldt amplifian entRat.t he
control signal, current fromthe capacitor 1 5 can naintain base drive of

the transistor gw for a determ ne od r exanpl e, -
approxi mately t re(LaﬁTﬁ |§MS§%B'8,QSSCIaIm araﬁe%@ﬁé tbni Qﬁ'acui t schematic
for a sw tphséweodetwerk i{48) is Doieblupréd cnete\mrelsaim\sdme ebntrol circuit
in accordaﬂcga&t ulses ?99?%% salt 'a?nf)l e t(anw) '

7. The system of claim 1, characterized in that said
feedback signal stage (12) has parallel signal paths for AC (V2)
and DC (V3) negative feedback signals.

8. The system of clalm 1, characterized in that said
feedback stage (12) includes an mtegratlng network.

9. A switched mode vertical deflection system, having: a
switched mode vertical deflection output stage (10) for dfiving a
vertical deflection coil, means (12) for generating a feedback
signal (V1) related to vertical deflection current, and means (14)
for generating a vertical rate ramp signal (V4), characterized by:

a comparator (U1) having an output controlling' switching in
said output stage (10) and coupled for receiving said vertical rate
ramp signal (V4) and said feedback signal as inputs; and,

a passive network (16) DC coupled between a source of
horizontal flyback pulses (V7) ‘and an input of said comparator
(U1) for generating from energy in said horizontal flyback pulses
(V7) a horizontal rate ramp signal substantially independent of
amplitude variations in said flyback pulses (V7) and having a
substantially constant DC voltage reference level.

10. The system of claim 9, wherein said passive network
. (16) is characterized by a Zener diode (Z1), a capacitor (C22) and
a resistor (R26) in a parallel network, said network (16) having
one junction coupled as an input of said comparator (U1) and the
other junction coupled to ground. '
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20 FI GUREScm“w Iﬂrm {or m di agrams useful for illustrating

oper ati on' of the shown in FIGURE 1 near the start

vertical scanning. nd 5 are waveform dmaﬁg fuI
for illustrating operatlon of the eflectlon system sh 19 RE 1

near the 25 cgﬂge{}-ﬁ Lﬁ\‘lg é,lncgk %Q?H i@%further charac fér(%&g?yfi and 7 are

wavef orm dj agr or | sera | ﬁe defl ection
system s & (D) dorercaupling Scafd fivhaclk pulses (¥ i toasaist 406 ng.

FI GURES 8jyietioh dfesapy Héevwpmti osps useful for illustrating 30 operation
of the deflection system shown i'n ‘| GURE 1 at vertical retrace.

A switched node vertical deflection system and control circuit
conpri ses genet2] | Than systamt of iohdien 1), wheréipd baik féédbacRangnal isa

verti oa qriér%csér%e%"%yb#gc PG 0. 2Bl e KB, HABRIRLAYD %2 ange
I n output stage 10, diode D4 i's conductive during the
13. The system of claim 12, further characterized by means
(C20,R12) for integrating said DC component (V3) of said
feedback signal.

14. The system of claim 9, wherein said feedback. signal
generating means (14) generates DC (V3) and AC (V2) feedback
signals coupled to said comparator (U1) in parallel signal paths
from said vertical deflection coil.

15. The system of' claim 14, further characterized by an
integrating network (C20,R12) in said DC feedback signal path.

16. A deflection system, comprising:
~a deflection output stage (10) for driving a-deflection coil;
means (12) for generating a feedback signal (V1; V2,V3)
related to deflection current; . .
means (14) for generating a first deflection rate waveform
(V4); : | |
a passive network (16) coupled to a source of. flyback pulses
(V7) for generating from energy in said flyback pulses (V7) a
second deflection rate waveform (V8) substantially independent
of amplitude variations in said flyback pulses (V7) and having a
substantially constant DC voltage reference level set by
operation of said passive network (16); and,
. a comparator (U1) coupled for receiving said first (V4) and
second (V8) deflection rate waveforms and said feedback signal
(V1; V2,v3) as.inputs.and having an output controlling switching
in said output stage (10), said comparator output (U1).having a DC
voltage reference level cb;responding to said DC reference Ievel
of said second deflection rate waveform (V8).
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6 hor i zont i Current flows fromground through
t he -» di ode D4 @E‘H’mﬂg ] l| L and wi nding Wof the |ntegrated
hi gh vol t age trans c rge ?pam tor Cl1. The c%%e %
capacitor Cl1 causes a deflection cur r enk to flow from capaci't CER L
through the coi |1.7.C.)f H%S g%%e'rﬁagf c‘:faljrr(ra C{éo )éragtenzetdh)(rq't%ta rSaiEiO?irst
deflection rate is a vertical deflection rate and said second
deflection rate is a horizontal deflection rate.

18. The system of claim 17, characterized in that said first
and second deflection rate waveforms (V4,V8) are ramp signals.

19. The system of claim 16, characterized in that said first-
and second deflection rate waveforms (V4,V8) are ramp signals.

20. The system of claim 1-6, characterized in that said
flyback pulses (V7) are horizontal flyback pulses.

21. The system of claim.16, wherein said passive network
(16) is characterized by a Zener diode (Z1), a capacitor (C22) and
a resistor (R26) in a parallel network, said network (16) having
one junction coupled as one of said inputs to said comparator (U1)
“and the other junction coupled to ground.

22. The system of claim 21, further characterized by a
diode (D1) for coupling said flyback pulses (V7) to said one
junction of said network (16).

23. The system of claim 16, wherein said feedback signal
(V1) is characterized by DC (V3) and AC (V2) feedback signals
coupled to said comparator (U1) in parallel s;gnal paths from said
vertlcal deflection coil.

24. The system of claim 23, further characterized.by an
integrating network (C20,R12) in said DC feedback signal path.
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exanple silicon controlled rectifier SCR is conductive duri'ng a porti oé
of a horizontal trace interval. During conduction of the &G 335.3&Qrrent

flows fromcapacitor Cl1 through w nding Wand storage - coil L to ground
t hroough the SCR The conduction tinme through the 10 SCR is controlled by
t he output of control circuit 16. ReSbstractR23 'is connected in parallel

oo s ver ot .8t i 2 Bhdlyp. o 9, FCEASLG 16°
vertical ra& soutemerfaflybagkrpulsesc (V7) foeganernatisggiram \aneryeirydke current
bl < OSPAORSR (VHRE NN CIIS SIS O 0 2 e
t hr oug® r e SUSStRANtALY t independantyaf ngmplitudeoyasiationspin 1 thaiphdrack gnal
23 " Gepulsss (7Y el SCauBstl consait 6 ol ) it o
cabaci t or ﬁﬁferwgsarﬁyeﬁesi@q &"%ii%i.ermtﬂﬂit.\ﬁoPQUQﬁiJPé rzfr?%%@g?é??on .of
the - ghoecizental pateaiviviec sigreal bfME) aisganl input pand i ves argendpat | y
S-shaped  gontfofesighal Rir98AVInG a UetbdtidrP'col. Pndeloftrbl Yghar Had -
: 10 a DC voltage reference level corresponding to the DC reference
level of the horizontal rate drive signal (V8). A feedback stage
(12) for a signal related to deflection current is coupled between
the coil and an input of the amplifier (U1,10). A waveform
generator (14) develops a vertical rate Waveforr'n_(V4) which is
15 coupled to the amplifier (U1,10) as an input, for pulse width
modulating the control signal. The deflection system may be, for
example, a switched mode vertical deflection system or a
switched mode pincushion correction system. In a switched mode
vertical deflection. system, the horizontal rate drive signal (V8)
20 and the vertical rate waveform (V4) are ramp signals and the
flypack pulses (V7) are horizontal flyback pulses. The passive' )
‘network (16) is DC coupled between the source of flyback pulses
and the amplifier. The passive network (16) includes a Zener
diode (Z1), a capacitor (C22) and a resistor (R26) connected in
25 parallel.

Refgrénce Indicia Are From Fig. 1
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Vertical rate ranp stage 14 includes a transistor 6 ‘coupl ed | I n ;Z_
~emtter-foll ower configuration. Flyback pul ses coupl.ed ‘to-a 25 resistor

network including resistors Rl4, R22 and R39 are rectified by di ode D2
to -devel op a DC vol t.age source across capacitor C4 .and. resi stor R43.
During nornal operation, other than dfr'ng channel change, the DC bias
on the base of transistor Q6 is fixed 55 resistors R7 and R4. The DC

sighal is integrated by capacitor. Cl9, to develop 30 a ranp. Verti cal

reset pulses V5 coupled through resistor Rl to the bhase of transistor
@ periodically cause conduction of transistor b to di scharge
capacitor Cl9 at the vertical deflection rate. The pul se w dth of the
vertical reset pulses is designated T[err]. -Pulse width TVR i s

reflected in waveforms V4 and V6. The base of transistor @ 35 is biased
by resistor R3. Th&ﬁgﬁSU|t is a g@p%'%gl rate ramgp V4 FERT. MEKE base of
g on i ' g -

6, which appears
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7 the emtter of transistor . A feedback path forned by resistor
R21 and capacitor C18 distort the ranp to be slightly parabolic as

shown by signal V10, in order to conpensate for certain distortion in

t he feedback paths. The vertical rate ranmp signal is coupled to 5 sunm ng
junction 20 through resistor R9. RESi‘ﬁEr R22 is a variable resi stor

whi ch ‘provi des for vari abl e hei ght aéf t ment . Control circuit 16
i ncl udes a conparator Ul and a horizontal rate ranp generator fornmed by
Zener diode Z1, capacitor C22 and

Vg Vg
1.8Ap-p
Iy

VERTICAL RATE
FiG. 3

START OF VERTICAL SCAN

START OF VERTICAL SCAN
HORIZONTAL RATE
FIG. 2
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resi stor R26, which are coupled in parallel wth one another. The 10
termnal of the parallel conbination including the anode of Zener di ode
Z1 is grounded. The term nal of the parallel conbination connected to

t he cat hode of Zener diode Z1 is coupled to one input of conparator UL,
for exanple an inverting input, and tg Eﬂe cat hode of di ode D1. The .
horizontal rate waveformis generated { menergy in 15 the flyback pul ses
because the horizontal rate ranp generator, havi ng no active sw tches
or anplifiers, is a passive network. Fl yback pul ses are coupled to the
anode of diode D1 through resistor . R42. Anot her input of conparator

Ul, for exanple a noninverting input, is coupled to summ ng junction
20. Waveform V6 reflects the 265 conbination of ‘verfical rate ranp V4, AC

f eedback signal V2 and DC Leedback signal V3. <& >'ou'tput of conpar at or
Ul is coupled to the gate ®f the SCRA hrough r&si stor R19.

The control circuit 16 devel ops both the vol {age reference | evel
and the horizontal rate reference [anp requi ontrolling 25 the
swi t ched node vertical outpu t age. nparator { UL fAinctions

VERTICAL RATE
FIG. 5

CENTER OF VFRTICAL SCAN

I J
(=] o
&
( i =
™

FIG. 4

CENTER OF VERTICAL SCAN
VAN
HORIZONTAL RATE
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as a conbination error anplifier and voltage to phase converter.
During“the’fl yback pul se part of waveform V7, current t-hrough resi stor
R42 iinitially charges capacitor C22 to the rated voltage Zener di ode
Z1- 6.2 volts for the exanple shown. Thereafter, current.30 " supplied

t hrough resistor R42 flows to ground igifugh t he Zener di-ode. After
the flyback pul se ends, diode D1 beco reverse bi ased. Capacitor C22
- then di scharges through resistor R26 defining the required ranp. The
resulting ranp is substantially independent of variations in the
anplitude of the flyback pul ses of voltage signal 35 V7. The reference
Zener can be driven to the fyll I[err] specification with negligible
power, due to the small dutyrcycle of the Zener o
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8 . currént. The DC reference | evel of the ranp signal becones_thé DC
‘referarice level for the output of the conparator. The DC reference

|l evel need not be set

ndependently of the ranp signal. Each successi ve

ramp shape pul se of signal V8 will be sanpled at a 5 different and

successi vely higher |evel by verticaladste ranp V[err].

the necessary nodul ation in gating co
defl ection current. In each of FIGURES 2-9, the upper

vertical
waveformrefl ects the

Thi s provides
fction of the SCR to provide

out put of the conparator Ul, nanely the

difference of signal V[err]- 10=°signal V[err]. In Bl GQURES 2, 4, 6 and 8,

the | ower waveformis the cdgrent I L through the-gLorage c0|I and
transformer winding, and thhe > co —
2
o
s
= =
2 § N
o -
u S S
e W
i
>

VERTICAL RETRACE
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FIG. 8
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time scale is the horizont

aooes WL

ERND IS . InF -
tthe | ower waveformis thefct Tt .T{‘f.p. ﬂ ough it kgy 0 gs:a? aé Sﬁ%'%;ros a'ggﬂ
scale is the vertical defljjedti ' hg Hine pOﬁr 'a(;%%q ot Coe .'Ito'pa ed A
vavef orms in FI.GURE 2; sh i BETEa el ti g S Bh gd""{" Pgd-;’;‘.
horizontal rate, is indic hy t ha' dar kilvArti ca . ia%g(s :page ..“s.to paged .’5
correspondi ng | egend Star{l of Vertical Scanl|in FI §iracth e : PpgRd - to paged .-.
position of the wavefornms™ _ . i i n tlhe expanded tine
scal e of the horizontal rate, is indicated by the dbtk’RE\@FtRE@EIPﬂb.r.PJﬁﬂ'.‘ZZO.

correspondi ng | egend Center of Verti cal

Scan in FIGQURE 5. Thé tine

posi tion of the vavef orQWITCHED MGBENERTICAL DEFLBEETONSYEIENM i ne

scal e of the horizontal rate, is jhLg Y Ak rk vertical
correspondi ng | egend End of Verti}égﬁ(g@mcﬂ'g@éal The tine

bar and

position of the walBloimeentiorrirelaEssgesreally ita the fisldanficdefiestions  scal e

of the hori 20§Y§t|enﬁsatf9r fePeViBnEat §6d bin paeticiaak 6" swRehedamorrd

F(Ia?rlﬁE 9. its f Hori zont al
CRAHQleAreunts 197 SAMus £ r om gr ound
t hrough di ode D4, Swilched cadde Lventical hdeflegtion systems derive power from

horizontal deflection energy, by storing a portion of a.horizontal

correspondi ng

d .cal
retrace put segeﬁﬁaﬂ\éﬁ[ﬁéﬁcﬁ t ﬁgs‘%éh%gga I

trace or retrace energy each horizontal deflection cycle.

The energy

is supplied to a vertical deflection winding in order to provide the

10

desired vertical deflection current in the deflection winding.

The

amount of horizontal rate energy stored each horizontal interval is
" closely controlled in order to provide the correct amount of vertical

deflection current.

A typical output stage for a switched mode vertical deflection

15

The cathode of the

thyristor and the anode of the diode are coupled to ground. The
ungrounded terminals of the thyristor and diode are coupled in series
with a storage coil and a winding of the integrated high voltage |

20

transformer (IHVT) and the vertical yoke, or deflection coil.

A

storage capacitor may be coupled between the junction of the
winding of the integrated high voltage transformer and the vertical
yoke and ground. Horizontal retrace pulses are coupled through the

integrated high voltage transformer to the winding.
and diode, and the storage coil effect horizontal rate charging and

25

system may include  a thyristor, for example a silicon controlled
rectifier, coupled in parallel with a diode.

The thyristor

discharging of the storage capacitor, the storage capacitor supplying

vertical deflection current.

Several switched mode deflection

circuits, including the one described above, are illustrated in U.S.

patent 4,544,864-Haferl.
30

Such a switched mode vertical deflection system can be

controlled by pulses supplied to the gate of the silicon controlled

rectifier, to control - conduction thereof.

Such control circuits

often

comprise a comparator, for example an operational amplifier, having
a horizontal rate ramp signal as one input and a vertical rate ramp

35 signal as another input.

The vertical rate ramp signal may be

generated by a conventional ramp generating circuit which supplies




hde D4 becones reverse 30 bi ased
qucting.. Capacitor Cl1 di schar ges
jction or. yoke current I[err] -to

wi nding Wto charge capaqm Y
duri ng horizontal tracé and Q‘@_I@ESH

during horizontal triace, causj % f

f4 ow t hrough the verijti cal{l B ke n. cloi | . Current IL, and therefore
current I[err], woul{d be subs_t__qg;_L_aJ_I y} constant, but for the action of
the SCR. The SCR confu esponS| ve th g&i ng pul ses 35 supplied by the
conparator Ul. The gating *during a portion of ~each

hori zontal trace interval. Wen the SCR conduct s,
DC current to an integrator. for example a capacitor, which is
periodically reset at a vertical rate, for example by vertical reset
pulses. The vertical rate ramp signal is combined with a feedback
signal related to vertical deflection current. The feedback signal
5 may have a DC component, an AC component, or both.

The horizontal rate ramp generator for the horizontal rate
ramp:signal may also be powered by horizontal flyback pulses.
Typically, the horizontal rate ramp signal is developed from clipped
flyback pulses which are AC coupled to an integrator. The resulting

10 ramp is added to an independently generated DC reference ievel and
coupled to one input of the amplifier or comparator, for example the -
inverting input. The independently generated DC reference level sets
the DC reference level for the output of the amplifier or comparator.

A horizontal rate ramp generator as described above can cause

1s distortion of the raster. The AC coupling of the flyback pulses has
an inherent time constant, which can adversely affect the vertical
rate feedback gain and can adversely affect linearity. However, such
an arrangement was thought to be necessary in order to avoid
distortion of the horizontal rate ramp signal due to amplitude

20 variations of the horizontal flyback pulses. Amplitude variations of
horizontal flyback pulses can result from variations in beam current
loading and from transient disturbances during the transition from
vertical retrace to vertical trace. Vertical rate timing
disturbances, particularly in switched mode vertical systems, can

25 alter the amplitude, period and width of the horizontal flyback
pulses. The timing disturbance is of course at a vertical rate. The
AC coUpIing of such an arrangement also makes it necessary to
generate the DC reference level for the amplifier or comparator.

It is an aspect of the invention to improve transient response

30 of switched mode vertical deflection systems by providing an
improved circuit for generating the horizontal rate ramp signal and
establishing the DC reference level for the amplifier or comparator.
In accordance with this aspect of the invention, the horizontal
flyback pulses are utilized for generating a horizontal rate ramp

3s with only DC coupling through to the amplifier or comparator, rather



sonme of the current discharged by capacitor Cl1 is
t hrough the winding W the storage coil L and the S
which .tinme the flow of current IL is. negative. Each
hrori zontal trace interval. is associated with a 5 - pr
gating conduction interval of the SCR whigh requ
current I[err] and | ess yoke deflection current

i ncreased conduction of the SCR and the correspondi ng
of yoke current I[err] defines the desired saw oot h vertlcal deflection
waveform - 10 In FIGURES 2 and 3, near the start of vertical

scanni nlg, t he tR&iR AC cospliay. eﬂhﬁm DOr referegwe Mavel rofmhe herizontal eate Irhﬁ'lrd]

t C r e n
s mostly gg;lsgge{aq sets 8, (87 (&flrbBs CiLEPbr 6 binditiel <5y cAREAMIE:. |1
on for near to hal A swﬂqlv@,d RegeR G Ilmnofmrﬁy&tﬁmrraswmg cter thift aspest pfis

approxi mat el y the invention comprises: a switched mode deflection output stage

s for driving a defiection coil; a negative feedback path for a feedback
signal related to deflection current; and, a generator for a first
deflection rate waveform. A control circuit comprises a signal
generator and a comparator. The signal generator is coupled to a
source of flyback pulses for developing from energy in the flyback

10 pulses a second deflection rate waveform having a predetermined
and substantially constant DC voltage reference level set by
operation of the signal generator. The comparator has a first input
coupled for receiving the second deflection rate waveform, has a
second input coupled for receiving the first deflection rate

15 waveform and the feedback signal and has an output controlling
switching in the output stage. The amplifier output has a DC voltage
reference level corresponding to the DC reference level of the first
deflection rate waveform. The signal generator is DC coupled
between the source of flyback pulses and the comparator.

20 More particularly, a switched mode vertical deflection system
according to this aspect of the invention comprises: a switched
mode vertical deflection output stage for driving a vertical
deflection coil; a feedback circuit for generating a feedback signal

~ related to vertical deflection current; and, a circuit for generating a

25 vertical rate ramp signal The comparator or amplifier has an output
controlling switching in the output stage. The first input of the
comparator, for example a noninverting input, is coupled for
receiving the vertical rate ramp signal and the feedback signal. The
signal generator is DC coupled between the source of horizontal

3o flyback pulses and the second input of the comparator, for example
an inverting input, for developing from energy in the horizontal
flyback pulses a horizontal rate ramp signal having a predetermined
and substantially constant DC voltage reference level. The amplifier
output has a DC voltage reference level corresponding to the DC

35 reference level of the horizontal rate ramp signal.



15 hal f positive and hal f negative, and defl ection current | [errll LS. near

to hal f way between m ni nrum and maxi nrum In FlI G§ EWEN ,
the end of vertical scanning, the-SCR is gated is.g ad TS

I t et—eR—+er—a—rqat| .
to maxi mumtime, The current I[err] is much nore negati' mrm; :
positive, and the deflection current I[err] is near{ tjo \F"ﬁu 0| i
During vertical retrace, shown in FIGURES 8 and 9, ‘the SCRis . ltdrned

of f -because no gating pul ses are provided by the cadnparat.or ng
most of the duration of the vertical reset pulse, she ' orm

V5. The diode D4 is forward biased during part of each hori zont al

retrace pul se, proyiding positive current, l[err]_to irge. 25 .. acit
Cll. Capacitor C11lp sf“étl%% %%r&éﬂcﬁywﬁﬁew% §§é?%td°fH%Fﬁ@"ent'o(ﬁi’aﬁg%lct g:lce
of the verti caonusdratort and the butpist stage, as pheviouglyi degeribed, mgy bee

Foohack o onaelBst U tholghe of P o gt St ap e Tl o ",
| ar ge enough t¢(§’"é'ﬁll"&%'q“l"'%'haad§§ﬁﬁt'@”I5)8%?”‘1"of-‘"’@'@"sf'?éii""‘zosr‘ngﬁ:%l"{?I pgpgrqtgﬁ,pan
si gnal V[ esr] ,arhpkfieiCRa beggativep fogdback \pmth andcanderticabratgyavaveformt he
next vertical JLaG6:dnt §h62kignal generator is coupled to a source of flyback

pulses for developing from energy in the flyback pulses a horizontal

rate drive signal having a predetermined and substantially constant

DC voltage reference level. The amplifier has a first input coupled

10 for receiving the ‘horizontal rate drive signal and an output coupled
to a deflection coil. The amplifier output has a DC voltage reference
level corresponding to the DC reference: level of the horizontal rate
drive signal. A DC feedback signal on the negative feedback path is
related to deflection current. The feedback path is coupled between

15 the coil and a second input of the amplifier. The vertical rate
waveform is also coupled to the second input of the amplifier for
modulating the horizontal rate drive signal. The output of the
amplifier is a pulse width modulated control signal for a switching
element, for example a silicon controlled rectifier.

20 The timing control circuit for vertical deflection can assume a
free running mode during channel change, when vertical
synchronizing pulses are no longer available. The free running
frequency is somewhat slower than the normal vertical deflection
rate. This increases the period and amplitude of the vertical rate

25 ramp signal, which can disturb the vertical position of on screen
displays during channel change. An adjustment of the vertical rate
ramp, in either period or slope, or both must be made in order to
avoid disturbing such on screen displays.' A control signal can be
generated, for example by a microprocessor, for initiating such a

3o change in the vertical rate ramp generator. A transistor switch may
be activated to change the time constant of the ramp generating
network, for example, during channel change. However, there is a
residual transient period of time after vertical sync is established
again, but before the vertical deflection system has assumed a

35 steady state condition. In previous circuits, for example that shown

-~ in U. S. Patent No. 4,795,949 - Wilber, a certain time delay in

dur
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propagation delays in the feedback path from the vertical yoke to the
control circuit. Such delays can be circuit specific; and not
necessarily a characteristic of all vertical deflection systems.

In accordance with a further aspect of the invention, the
switch responsive to a channel change related control signal can be
held positively and intentionally in a conductive condition for an
additional predetermined period of time, in order for the transient
disturbances associated with reestablishing vertical sync to
dissipate. In accordance with this aspect of the invention, a
capacitor is charged by the control signal, which also provides base
drive for a transistor switch. The capacitor remains charged, and
can not begin discharging, until after the control signal terminates.
After termination of the control signal, current from the capacitor
can maintain base drive of the transistor switch for a predetermined
period time, for example, approximately three milliseconds.

FIGURE 1 is a circuit schematic for a switched mode vertical
deflection system having a control circuit in accordance with
aspects of this invention.

FIGURES 2 and 3 are waveform diagrams useful for illustrating
operation of the deflection system shown in FIGURE 1 near the start
of vertical scanning.

FIGURES 4 and 5 are waveform diagrams useful for lllustratmg
operation of the deflection system shown in FIGURE 1 near the
center of vertical scanning. :

FIGURES 6 and 7 are waveform diagrams useful for illustrating
operation of the deflection sysfem shown in FIGURE 1 near the end of
vertical scanning. _ :

FIGURES 8 and 9 are waveform diagrams useful for illustrating
operation of the deflection system shown in FIGURE 1 at vertical
retrace.

A switched mode vertical deflection system and control
circuit comprises generally an output stage 10, a feedback stage 12,
a vertical rate ramp stage 14, a horizontal rate ramp stage 16 and a
vertical rate ramp modifying stage 18, operable during channel
change. In output stage 10, diode D4 is conductive during the
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ertica rate é?rpthrougr]; hed coil' of | tﬁe vertioa edﬂ'e%f”‘ec%on yoke. A thyristor, for
example silicon controlled rectifier SCR is conductive during a
portion of a horizontal trace interval. During conduction of the SCR,
current flows from capacitor C11 through winding W and storage
~ coil L to ground through the SCR. The conduction time through the
10 SCR is controlled by the output of control circuit 16. Resistor R23
is connected in parallel with the deflection yoke as a yoke damping
resistor. Resistor R20 provides vertical centering. |
Feedback stage 12 receives a vertical rate, generally parabolic
feedback signal V4. The yoke current 1y is AC coupled by capacitor
1s C3 to sense resistor R5. An AC feedback signal component Vo
related to deflection current is coupled through resistor R10 to a
summing junction 20. A DC feedback signal path through resistors
R11 and R12 is also coupled to summing junction 20. The DC
feedback signal path includes an RC network comprising capacitor
20 C20 and resistor R13. This network effects an integration of the
generally parabolic feedback signal to provide a generally S-shaped
feedback signal Vg, also related to deflection current.
Vertical rate ramp stage 14 includes a transistor Q6 coupled
in emitter-follower configuration. Flyback pulses coupled to a
25 resistor network including resistors R14, R22 and R39 are rectified
by diode D2 to develop a DC voltage source across capacitor C4 and
resistor R43. During normal operation, other than during channel
change, the DC bias on the base of transistor Q6 is fixed by resistors
R7 and R4. The DC signal is integrated by capacitor C19, to develop
30 a ramp. Vertical reset pulses Vs coupled through resistor R1 to the
base of transistor Q5 periodically cause conduction of transistor Q5
to discharge capacitor C19 at the vertical deflection rate. The pulse
width of the vertical reset pulses is designated Tygr. Pulse width
Tyg is reflected in waveforms V4 and Vg. The base of transistor Q5
35 is biased by resistor R3. The result is a vertical rate ramp V4 at the
base of Q6, which appears with only slightly reduced amplitude at
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Control circuit 16 includes a comparator U1 and a horizontal
rate ramp generator formed by Zener diode Z1, capacitor C22 and
resistor R26, which are coupled in parallel with one another. The
10 terminal of the parallel combination including the anode of Zener
diode Z1 is grounded. The terminal of the parallel combination
connected to the cathode of Zener diode Z1 is coupled to one input of
comparator U1, for example an inverting input, and to the cathode of
~ diode D1. The horizontal rate waveform is generated from energy in
15 the flyback pulses because the horizontal rate ramp generator,
having no active switches or amplifiers, is a passive network.
Flyback pulses are coupled to the anode of diode D1 through resistor
R42. Another input of comparator U1, for example a noninverting
input, is coupled to summing junction 20. Waveform Vg reflects the
20 combination of vertical rate ramp V4, AC feedback signal Vo, and DC
feedback signal V3. The output of comparator U1 is coupled to the
gate of the SCR through resistor R19.
The control circuit 16 develops both the DC voltage reference
level and the horizontal rate reference ramp required for controlling
25 the.switched mode vertical output stage. Comparator U1 functions
as a combination error amplifier and voltage to phase converter.
During the flyback pulse part of waveform V5, current through
resistor R42 initially charges capacitor C22 to the rated voltage
Zener diode Z1, 6.2 volts for the example shown. Thereafter, current
30 supplied through resistor R42 flows to ground through the Zener
diode. After the flyback pulse ends, diode D1 becomes reverse
biased. Capacitor C22 then discharges through resistor R26 defining
the required ramp. The resulting ramp is substantially independent
of variations in the amplitude of the flyback pulses of voltage signal
as V5. The reference Zener can be driven to the full Iz7 specification
with negligible power, due to the small duty cycle of the Zener
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current. The DC reference level of the'ramp signal becomes the DC
reference level for the output of the comparator. The DC reference
level need not be set independently of the ramp signal. Each
successive ramp shape pulse of signal Vg will be sampled at a
different and successively higher level by vertical rate ramp Vg.
This provides the necessary modulation in gating conduction of the
SCR to provide vertical deflection current.

In each of FIGURES 2-9, the upper waveform reflects the
output of the comparator U1, namely the difference of signal Vg -
signal Vg. In FIGURES 2, 4, 6 and 8, the lower waveform is the
current 1 through the storage coil and transformer winding, and the
time scale is the horizontal deflection rate. In FIGURES 3, 5, 7 and
9, the lower waveform is the current 1y through the yoke, and the
time scale is the vertical deflection rate. The time position of the
waveforms in FIGURE 2, shown in the expanded time scale of the
horizontal rate, is indicated by the dark vertical bar and
corresponding legend Start of Vertical Scan in FIGURE 3. The time
position of the waveforms in FIGURE 4, shown in the expanded time
scale of the horizontal rate, is indicated by the dark vertical bar and
corresponding legend Center of Vertical Scan in FIGURE 5. The time
position of the waveforms in FIGURE 6, shown in the expanded time
scale of the horizontal rate, is indicated by the dark vertical bar and
corresponding legend End of Vertical Scan in FIGURE 7. The time
position of the waveforms in FIGURE 8, shown in the expanded time
scale of the horizontal rate, is indicated by the dark vertical bar and
corresponding legend Vertical Retrace in FIGURE 9.

Horizontal retrace pulses forward bias the diode D4. Current
1, flows from ground through diode D4, through coil L and through
winding W to charge capacitor C11. Diode D4 becomes reverse
biased during horizontal trace and stops conducting. Capacitor C11
discharges during horizontal trace, causing deflection or yoke
current 1y to flow through the vertical deflection coil. Current 1,
and therefore current 1y, would be substantially constant, but for
the action of the SCR. The SCR conducts responsive to gating pulses
supplied by the comparator U1. The gating pulses occur during a
portion of each horizontal trace interval. When the SCR conducts,
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some of -the current discharged by capacitor C11 is diverted from 1y
through the winding W, the storage coil L and the SCR to ground,
during which time the flow of current 1| is negative. Each
successive ‘horizontal trace interval is associated with a

s progressively longer gating conduction interval of the SCR, which
results in more negative current 1 and less yoke deflection current
Iy. The progressive increased conduction of the SCR and the
corresponding decreased amount of yoke current 1y defines the
desired sawtooth vertical deflection waveform.

10 In FIGURES 2 and 3, near the start of vertical scanning, the SCR
is gated on for a near minimum time, current 1 is mostly positive
and deflection current 1y is near maximum. In FIGURES 4 and 5, near
the center of vertical scanning, the SCR is gated on for near to half
way between minimum and maximum, current I is apprbximatély

15 half positive and haif negative, and deflection current 1y is near to
half way between minimum and maximum. [n FIGURES 6 and 7, near

. the end of vertical scanning, the SCR is gated is gated on for a near
to maximum time, The current 1 is much more negative than
positive, and the deflection current 1y is near to minimum.

20 During vertical retrace, shown in FIGURES 8 and 9, the SCR is
turned off because no gating pulses are provided by the comparator
during most of the duration of the vertical reset pulse, shown in
waveform Vs. The diode D4 is forward biased during part of each
horizontal retrace pulse, providing positive current 1| to charge

25 capacitor C11. Capacitor C11 is also charged by energy stored in the
inductance of the vertical deflection coil. As soon as the magnitude
of the combination of the vertical rate ramp signal V4 (Vig as
modified), AC feedback signal V» and DC feedback signal V3 at
summing junction 20 is large enough to establish a sample level for

3o horizontal rate ramp signal Vg, the SCR begins progressive
conduction again for the next vertical trace interval.

The horizontal rate ramp generator is DC coupled between the
source of horizontal flyback pulses and the noninverting input of the
comparator U1. This improves the transient response of the entire

35 control system, as the control system is not prone to adverse
disturbance of vertical feedback gain and disturbance of raster
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Changing channels can result in the loss of synchronizing
s signals. Many timing control circuits for vertical deflection
systems assume a free running mode of operation at a frequency
slightly lower than the vertical deflection frequency when vertical
synchronizing pulses are lost. This prevents vertical collapse of the
raster, and subsequent damage to the cathode ray tube. The time
10 between successive vertical reset pulses in signal Vg will be
increased during the free running mode, as a consequence of the
reduced frequency. The increased time between adjacent vertical
reset pulses results in the amplitude of the vertical rate ramp V4
increasing undesirably, which can in turn disturb the position of on
15 screen displays which are intended to remain in place during channel
change. Vertical rate ramp modiinng circuit 18 compensates for
this undesirable amplitude variation of the vertical rate ramp signal
V4. A microprocessor 30 controlling many functions of a television
generates, inter alia, a channel change (CH. CHG.) signal Vg coupled
20 to the base of transistor switch Q4 through resistor R49. Resistor
R44 is coupled from the channel change output pin to a +5 volt
supply, which is also coupled to the collector of transistor Q4. A
network comprising resistors R46 and R50 and capacitor C27
provides an output signal designated SYNC KILL used elsewhere in
25 the television system. The channel change signal is also coupled to
the output pin of the microprocessor designated TV PIX by diode D3.
Accordingly, the output of the channel change pin can generate a TV
PIX signal, but a TV PIX output will not be effective as a channel
change contro!l signal. The junction of resistor R50 and diode D3 is
30 an on screen display position control signal designated OSD POS.
Diode D11 becomes forward biased when trarisistors Q4 conducts,
charging capacitor C25 and providing base drive to transistor Q7
through resistor R16. The base of transistor Q7 is biased by
resistor R46. When transistor Q7 conducts, resistor R45 is coupled
35 in series between the junction of resistor R4 and the collector of
Q5, and ground. This effectively changes the DC reference of the



2. The systemof claim 11, wherein said passive net
characterized by a Zener diode (Z1), a capacitor (
in a parallel network, said network (.16) having on
of said anplifier inputs and the other junction co
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2) and a resngB
junction couplkdjto one
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3. The systemof claiml, wherein said ampljfier (PLl}10) is characjefized
" by: a conparator stage (Ul) generating said ' ‘ed
control signal responsive to said horizontal rate sai d
vertical rate waveform (V4) and said feedback signal (V1); and, a

swi tched output stage (10) controlled by said pulse width nodul ated signal.
4. The syst emvefrticilaratel ramipasigrtadrVgzedoi thaththe smadimuoy iamplitader ate dri ve

signal and sai g yeddfed miéYe® cEREt) Ao™RE Emaximum amplitude when vertical
sync is present. Accordingly, many on screen displays can remain
substantially in position during channel change, particularly those
5 positioned near the top of the raster, such as channel numbers. In-
the absence of a channel change control signal, the operation of
vertical rate ramp circuit 14 is not affected.



ranp signals. 13 5. The
systemof claim1, characterized in that said passive network (16)
conprises a Zener diode (Z1) for setting a maxi num anplitude |evel for said
horizontal rate drive signal (V8) and set%ln said DC reference] evel for

said amplifier outpur. {1 M IIII

1. A deflection system, characterized by:

a passive network (16) coupled to a source of flyback pulses
(V7) for generating from energy in said flyback pulses (V7) a
horizontal rate drive signal (V8) substantially independent of
amplitude variations in said flyback pulses (V7) and having a
substantially constant DC voltage reference level;

an amplifier (U1,10) coupled for receiving said horizontal

rate drive signal (V8) as an input and having an output control
signal for driving a deflection coil, said control signal having a
DC voltage reference level corresponding to said DC reference
level of said horizontal rate drive signal (V8);

a feedback stage (12) for a signal (V1) related to deflection
current coupled from said coil as an input of said amplmer
(U1,10); and,

means (14) for generating a vertical rate waveform coupled
to said amplifier (U1,10) as an input, for pulse width modulating
said control signal.

What is claimed is:

2. The system of claim 1, wherein said passive network
(16) is characterized by a Zener diode (Z1), a capacitor (C22) and
a resistor (R26) in a parallel network, said network (16) having
one junction coupled to one of said amplifier inputs and the other
junction coupled to ground.

3. The system of claim 1, wherein said amplmer (U1,10) is
characterized by:

a comparator stage (U1) generating said pulse width
modulated control signal responsive to said horizontal rate drive
signal (V8), said vertical rate waveform (V4) and said feedback
signal (V1); and,

a switched output stage (10) controlled by said pulse width
modulated signal.

4. The system of c'laim 1, characterized in that said
horizontal rate drive signal and said vertical rate waveform are

ramp signals. . m‘ﬁﬂﬂ q*' ‘
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6. The systemof claim1, characterized in that said passive network (16)
I's DC coupl ed between said source of flyback pulses (V7) and said anplifier
(U1, 10). 7. The systemof claim1l, chara 3 i i

d
feedback signal stage (12) has parallel signal pmm ] nd DC
(V3) negative feedback signals. - . 8.y qaThe sys u,ﬂﬂlnﬂ:ullrm"r
characterized in that said feedback stadé3 (12) inél wlestan'irft egrating

net wor K. 9. A switched node vertical deflection system having: a
swi t ched node vertical deflection output stage (10) for driving.a vertical

defl ection coil$- nddies systeny 6f ¢laimer A ihpracterizaidr hasaid vi) rel ated
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(V8) and setting said DC reference level for said amplifier output.

6. The system of claim 1, characterized in that said
passive network (16) is DC coupled between said source of
flyback pulses (V7) and said amplifier (U1,10).

7. The system of claim 1, characterized in that said
feedback signal stage (12) has parallel signal paths for AC (V2)
and DC (V3) negative feedback signals.

8. The system of claim 1, characterized in that said
feedback stage (12) includes an integrating. network.

9. A switched mode vertical deflection system, having: a
~ switched mode vertical deflection output stage (10) for driving a
vertical deflection coil, means (12) for generating a feedback
signal (V1) related to vertical deflection current, and means (14)
for generating a vertical rate ramp signal (V4), characterized by:

a comparator (U1) having an output controlling switching in
said output stage (10) and coupled for receiving said vertical rate
ramp signal (V4) and said feedback signal as inputs; and,

a passive network (16) DC coupled between a source of
horizontal flyback pulses (V7) and an input of said comparator
(U1) for generating from energy in said horizontal flyback pulses
(V7) a horizontal rate ramp signal substantially independent of
amplitude variations in said flyback pulses (V7) and having a
substantially constant DC voltage reference level.

10. . The system of claim 9, wherein said passive network
(16) is characterized by a Zener diode (Z1), a capacitor (C22) and
a resistor (R26) in a parallel network, said network (16) having
one junction coupled as an input of said comparra}_';gr (U1) and the

other junction coupled to ground. BEPLACEMENT SHEET
. {-' -
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Qaid out put stage (10) and coupled for receiving said vertical rate ranp
signal (V4) and said feedback signal as inputs;—and, a-passive

network (16) DC coupl ed between a source of horiz I ses (V7)
and an input of said conparator (Ul) for generatiﬁmmlmnﬁgﬂmgm'sai d

hori zontal flyback pulses (V7) a horizontal rate ranp signal substantially
i ndependent of anplitude variations in 14 g fl yback pul ses (V7) and having

bstanti al | t DC vol . I | . . 10. Th t
o el el mo whetbin Tha systRms ob il & fuaRer Sharacienzed N By & soner
di ode (Z1)diodec aEifbﬁrcd@’m')g aaEid dlylacic puls€¢RAV)7)i to sadreméel network,

said netwoark (. ay] o) | UNGk kon coupled as an i nput of said
compar at.orluhe&% 2l ¥h@p(ﬂ%§¢rﬁun§?on coupl ed to ground. ‘
12. The system of claim 9, wherein said feedback signal is
characterized by a DC component (V3) and an AC component (V2).

- 13. The system of claim 12, further characterized by means
(C20,R12) for integrating said DC component (V3) of sai_d
feedback signal.

14. The system of claim 9, wherein said feedback signal
generating means (14) generates DC (V3) and AC (V2) feedback
signals coupled to said comparator (U1) in parallel signal paths
from said vertical deflection coil.

15. The system of claim 14, further characterized by an
integrating network (C20,R12) in said DC feedback signal path.

16. A deflection system, comprising: _

a deflection output stage (10) for driving a deflection coil;

means (12) for generating a feedback signal (V1; V2,V3)
related to deflection current; _

means (14) for generating a first deflection rate waveform
(V4); - |
a passive network (16) coupled to a source of flyback pulses
(V7) for generating from energy in said flyback pulses (V7) a
second deflection rate waveform (V8) substantially independent
of amplitude variations in said flyback pulses (V7) and having a
substantially constant DC voltage reference level set by
operation of said passive network (16); and,

a comparator (U1) coupled for receiving said first (V4) and
second (V8) deflection rate waveforms and said feedback signal
(V1; V2,V3) as inputs and having an output controlling switching
in said output stage (10), said comparator output (U1) having a DC

voltage reference level corresponding to said DC rpfe P_,I.evel =
of said second deflection rate waveform (v8).  |REPLACEt Z'@Tl
| 1] 150 w96 |




14 11. The system of claim 10, further characterized by a di ode (D1)
for coupling said flyback pul ses (Vr7) to said onm—HetV\ork

(16). 12. The systemof claim9, wherein sé:_ﬂmmm [ s
characterized by a DC conponent (V3) and an AC co IT M‘jr@
The system of claim 12, further charact irgdzed by’ rreans‘(GZO

I ntegrating said DC corrponent (V3) of said feedback signal ..

17. The systerh of claim 16, characterized in that said first
deflection rate is a vertical deflection rate and said second
deflection rate is a horizontal deflection rate.

18. The systém of claim 17, characterized in that said first
and second deflection rate waveforms (V4,V8) are ramp signals.

19. The system of claim 16, characterized in that said first
and second deflection rate waveforms (V4,V8) are ramp signals.

20. The system of claim 16, characterized in that said
flyback pulses (V7) are horizontal flyback pulses.

21. The system of claim 16, wherein said passive network
(16) is characterized by a Zener diode (Z1), a capacitor (C22) and
a resistor (R26) in a parallel network, said network (16) having
one junction coupled as one of said inputs to said comparator (U1)
and the other junction coupled to ground.

22. The system of claim 21, further characterized by a
diode (D1) for coupling said flyback pulses (V7) to said one
junction of said network (16).

23. The system of claim 16, wherein said feedback signal
(V1) is characterized by DC (V3) and AC (V2) feedback signals
coupled to said comparator (U1) in parallel signal paths from said
vertical deflection coil.

24. The system of claim 23, further characterized by an
integrating network (C20,R12) in said DC feedback signal path.

REPLACEMENT SHEET
15 JUL 1996




14. The systemof claim9, wherein said feedback signal generéti ng nmeans
((14) generates DC (V3) and AC (V2) feedback signals coupled to said
conparator (Ul) in parallel signal paths fromsaid vertical deflection

coi | . 15. The system of claim 14, further characterized by an

integrating network (C20,R12) in said B€ feedback signal path. 16.

defl ection system conprising: a deflection output stage (10) for
~driving a deflection coil; means (12) for generating a feedback

signal (V1; V2,V3) related to deflection current; ns.(14) for
generating a first def (S TCHED, MWML( @AF)F,LECTION 5%%6 ve networ k

(16) coupled to a source of flybaBRDpCGONEROL\QIREBETgenerati ng from energy

in said flyback pul ses (V7) a second deflection rate waveform (V8)
substantial ly i ndependent

Abstract .
In a deflection system, a passive network (16) is coupled to
a source of flyback pulses (V7) for generating from energy in the
flypback pulses (V7) a horizontal rate drive signal (V8)

5 substantially independent of amplitude variations in the flyback
pulses (V7) and having a substantially constant DC voltage
reference level. An amplifier (U1,10) is coupled for receiving the
horizontal rate drive signal (V8) as an input and has an output

~ control signal for driving a deflection coil. The control signal has

10 a DC voltage reference level corresponding to the DC reference
level of the horizontal rate drive signal (V8). A feedback stage
(12) for a signal related to deflection current is coupled between
the coil and an input of the amplifier (U1,10). A waveform
generator (14) develops a vertical rate waveform (V4) which is

15 coupled to the amplifier (U1,10)- as an input, for pulse width
modulating the control signal. The deflection system may be, for
example, a switched mode vertical deflection system or a
switched mode pincushion correction system. In a switched mode
vertical deflection system, the horizontal rate drive signal (V8)

20 and the vertical rate waveform (V4) are ramp signals and the
flypack pulses (V7) are horizontal flyback pulses. The passive
network (16) is DC coupled between the source of flyback pulses
and the amplifier. The passive network (16) includes a Zener
diode (Z1), a capacitor (C22) and a resistor (R26) connected in

25 parallel.
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substantially constant DC voltage reference |evel se -
passi ve network (16); and, a conparator (Ul) c Jéd for rec

énhln in

vol tlade

signal (V1; V2,V3) as inputs and havifg an out put coft °|ﬁ5ﬂﬂﬂ§
‘'said output stage (10), said conpara 5 out put (Ul) §hqving a
reference | evel corresponding to said DC reference | .
defl ection rate waveform (V8). .




15 17. . The system of claim 16, characterized in that said first
deflection - rate is a vertical deflection rate and said second defl ection

rate is a horizontal deflection rate. 18. The systemof claim_1{..
characterized in that said first and second deflection g vy ef arn§HEET
(V4,V8) are ranp signals. 19. The system of cl ai e
in that said first and second deflect2b§ rate wavef orns
si gnal s. 20. The system of claim 16, characteriz

flyback pul ses (V7) are horizontal flyback pul ses.
claim 16, wherein said passive network (16) is charactery

di ode (Z1), a capacitor (C22) %nd a resistor (R26) in a garallel petworke——
sai d network (16) having > by
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one junction coupled as one of said inputs to said conparator (Ul) and the
Ot her -junction coupled to ground. 22. The systemof claim21, .
further characterized by a diode (D1) for coupling sai d fTyback" r)"“l‘*‘"e"
to said one junction of said network (16). . 23. Tike system of  Hkah
16, wherein said feedback signal (V1) ai{;ghar acterized byLm (V3) anc C1

(V2) feedback signals coupled to said arator (Ul) ijn |pardd UYL
paths fromsaid vertical deflection coil. 24. The jsyst em of al m
23, further characterized by an integrating network ( 2) i* --

f eedback signal path.
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