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RASTER CORRECTED VERTICAL DEFLECTION CIRCUI‘I\/

This invention relates generally to the field of vertical
-deflection circuits, and in particular, to the field of switched
vertical deflection circuits.

New. generatlons of color teIevusuon plcture tube-yoke
combinations may require North-South pincushion correction. A
further requirement can be DC coupling between a vertical - - - -
deflection amplifier and the  deflection yoke, for example when
" producing a flicker-free AA-BB display. Each field is scanned twice,
consecutively, at twice the normal scanning rate, in such AA-BB
displays. It is therefore desirable to have a DC coupled vertical
‘deflection circuit producing vertically modulated horizontal rate
waveforms for applying to a simple North-South pincushion
correction circuit. '

Some of these charactenstlcs suggest that a. switched
- vertical deflection circuit may be appropriate. However, switched
vertical deflection circuits can have the following disadvantages:

A first kind of switched vertical circuit is the synchronous
switched vertical deflection circuit, often referred to as an SSVD,
which employs two thyristors. The thyristors are turned on at
modulated instants during the horizontal retrace period. The "use of
fast thyristors can require a complex control circuit, which can- be
too expensive. Examples of SSVD circuits are shown in the
following U. S. Patents: 4,041,354; 4,079,293; 4,096,415; 4,117,
380; and, 4,338,549. |

A second kind of switched vertical circuit is the swutched
mode vertical deflection circuit, often referred to as an SMVD,
which employs two switching transistors. The transistors are

" turned on at modulated instants during the horizontal trace period.
This produces a strong phase modulation of the horizontal rate
waveforms, which therefore cannot be employed for North-South.
raster correction. An -example of an SMVD circuit is shown in U. S.

- Patent No. 4,174,493. :

A third kind of swnched vertical circuit is the smgle switch
vertical deéflection circuit, which employs either a thyristor or a
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~displays. It is therefore desirable to have a DC coupl ed vertical

~deflection circuit producing vertically nodul ated horizontal rate waveforns
for applying to a sinple North-South pincushion correction circuit.

_Sonme of _these characteristics suggest that. a switched verti caRchess$,g46i on
circuit may be appropriate. -However, swtched vertical deflection ‘circuits
can have the follow ng di sadvant ages: - A first kind of switched
vertical circuit is the synchronous switched vertical deflection circuit,
often referred to as an SSVD, which enploys two thyristors. The thyristors

are Lg;ngg r}g&;ufﬁr%mﬁéstﬁdo@ tbghbﬁzbait_a?umaw, tﬁnenhdgbztmtmnpatr aExa\;\-k?IEﬁd.
e t 0o expdifotie. BHrdnkAeE dff SwiEBed SeféaBtis 8RR Phofl Wothe gL
i. . Eg; ent s ;foﬂoﬁmig 354:821,%3@1193: 4/296/360154,544,864; 330d, {substitutes, 549. -
defl ection %@EI @_Wegnf .r%rsaér|$ggnﬁ)é r;ghl ?hg%ﬁ/@e%%%ﬁh?'rgggov\%ﬁd cal
swi t chi 5g tallowed).or Accordingly aNodhwdauth saster correction rzpanXOtLe
' obtained. R .
Moreover, and to further disadvantage, the three circuits
‘described above each requife a picture tube protection circuit which
shuts down the receiver when one drive signal of the switches is
10 missing, to avoid damage to the picture tube from excessive DC
- current. - _ A o
- It is an inventive arrangement to provide a new switched
vertical deflection system for -directly converting horizontal energy
into vertical deflection current, wherein a vertically modulated
15 horizontal sawtooth voltage across a vertical deflection yoke can
provide North-South pincushion correction.- First and second
windings are inductively coupled with opposite polarity to a source
of horizontal rate retrace pulses from a horizontal deflection
 circuit. The windings can form part of a horizontal flyback
20 transformer in a horizontal deflection system, operating at a
- horizontal rate. A circuit energized by the retrace pulses generates
modulated currents of opposite polarity. The modulated current
generating circuit comprises respective switching networks for
directing positively and negatively valued portions of the currents
25 along different paths. The n_egatively valued portions of the currents
are conducted through switches along discharge paths to ground.
Modulated quantities of the positively valued portions of the
currents are conducted along charging paths through an energy =
~ storage device. The energy storage device is responsive to the
30 currents and develops ‘a vertical  deflection voltage in phase with the
currents for driving a vertical deflection current in a vertical
deflection yoke. The vertical deflection voltage reflects a net
average charge resulting from chafging_by the oppositely directed
_ currents. The net average charge is determined by subtracting the
3s - positively valued part of one of the currents from the positively
valued part of the other current. The vertical deflection voltage is

(L
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~turned on at nodul ated instants during the hori zontal trace period. This
produces a strong phase nodul ation of the horizontal rate waveforns, which
t heref ore cannot be enployed for North-South raster correction. An exanple
-of an SMD circuit is shown in U S Patgnt No. 4,174, 493. RCA 5,840 r d
kind of switched vertical circuit is the single switch vertical deflection
circuit, which enploys either a thyristor or a transistor switch with
anti paral |l el diode. The phase changes. from o -2k '
not subject to phase modulation, as in the prior art switched
vertical systems described above. Accordingly, a North-South
pincushion correction current in phase with the horizontal
deflection circuit is generated by integration of the vertical
5 deflection voltage in the vertical deflection yoke. Horizontal rate
waveforms phased correctly for producing North-South raster -
. correction, and for other correction circuits, are provided.
It is another inventive arrangement to provide a switched
vertical deflection system which can provide enhanced North-South
10 pincushion correction by use of a pincushion transformer. A
pincushion transformer has a first winding capacitively coupled to
the energy storage device and a ‘second winding forming part of a
horizontal rate resonant circuit coupled in series W|th the vertical
deflection yoke.
15 It is still another inventive arrangement to obviate- the need
~ for shutting down the receiver when one drive signal of the switches
in a switched vertical deflection system is .missing, to avoid -damage
to the. picture tube from excessive DC current. In switched vertical
deflection systems in the prior art, the windings of the flyback
20 transformer are DC coupled in series with inductors, which are in
turn DC coupled to the switches, or switching networks, and to an
energy ‘storage device. In the switched vertical deflection systems.
taught herein, each inductor can be AC coupled to the respective
switch, or switching network, and to the energy storage device by a
25 capacitor.
It is yet another inventive arrangement to provide a plurality
of advantageous topological features, which contribute to improved
operation of switched vertical deflection systems. The windings of
the flyback transformer coupled to the source of horizontal retrace
30 pulses are coupled' together at a first junction, and the first
junction is coupled to ground. The windings can be separate,
substantially identical windings. Alternatively, the windings can be -
different halves of a substantially centertapped winding, in which
. case the center tap is coupled to ground. First and second switches,
3s . or switching networks, are respectively coupled to the first and
second windings and.coupled together at a second junction. The
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~horizontal retrace to horizontal trace, fromtop to bottom Exanples of
this third,kind of switched vertical circuit are shown in the following U
S.” Patents: 4,296, 360; 4,544,864; and, (substitute patent nunber of serial
.nunmber 515,901, filed April 27, 1990, ang.allowed). Accordi ngRgA 85,840
“North-South raster correction cannot be obt ai ned. Moreover, and to
further disadvantage, the three circuits described above: each require a
© picture tube protection circuit which shuts down the receiver when one -
drive signal of the switches is mssing, to avoid damge ta the picture

tube from eeRey Ismragecwéwoe for develaping tre ivertical Vdeflectioneveltageo

Por vont al Teit 4§ W8 bpdha BnelEh ofrenfcilfe Shefol btded Miyiibhs)°

hori zont al %r@qﬁ} ﬁ
nmodul at ed lavei coupled $amthmumductanega, achicbsare themselves croupledoto )thee can

provi.de NobBageiibd WintfiHGE! OTHe enBray Wlordgd devitds Sare°dharged
s oppositely by respective currents flowing through the windings. The
~ energy storage devices are coupled to the respective switches, or
switching networks, providing an access for the current modulating
control. The energy storage devices can be embodied as capacitors,
which also provide the AC coupling described above.
10 . In the Drawings: :

FIGURE 1 is a circuit diagram, in partial block form, showing a
switched vertical deflection circuit according to an inventive
arrangement.

FIGURES 2(a)-2(f) are. waveforms useful for explaining the '

15 operation of the circuit shown in FIGURE 1.
_ FIGURE 3 is an illustrative vertical deflection circuit in
according to an inventive arrangement.

" A switched vertical deflection system 10 is shown Figure 1. A

horizontal deflection circuit 12, as known in the prior art, is '

20 coupled to a winding W1 of flyback transformer T1. Horizontal .
deflection circuit may operate-at a horizontal scanning frequency of . -
fy, as for conventional interlaced scanning. Scanning at fy, for
example, can correspond to a rate of approximately 15,750 Hz for
NTSC interlaced standards. Horizontal deflection circuit 12 may

25 also operate at a multiple thereof, for example 2fy, as for

progressive noninterlaced scanning. The scanning rates fy and 2fy
. will have different values for PAL and SECAM standards.
Flyback transformer T1 has another winding W2, which is
inductively coupled to winding W1.  Winding W2 has a centertap 16
3o coupled to ground. The center tap 16 defines two windings, or
winding portions, W2a and W2b of opposnte polarity relative to one
another. Accordingly, positive retrace pulses are generated by
winding W2a and negative retrace pulses are generated by winding
W2b. Windings W2a and W2b receive energy from the horizontal
35 deflection system by means of the retrace pulses. The energy is
made available to the switched vertical deflection system 10 for
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W ndi ngs are inductively coupled with opposite polarity to a source of
hori.zontal rate retrace pulses froma horizontal deflecti.on circuit. The
wi ndi ngs can formpart of a horizontal flyback transformer in a horizontal
.defl ection system operating at a horizoM-al rate. A circuit B 89.86Q by
the retrace pulses generates nodul ated currents of opposite polarity. The
~nmodul-ated current generating circuit conprises respective sw tching
networks for directing positively and negat'ively val ued portions of the

currents al on dlfferent gatively.val ue | f the
currents algae ﬁtﬁw&&l Yﬂﬁlﬁ?ghdgﬁrﬁgﬁﬂﬁ %Qr'@rﬂj H? s%hgggg: F’%gaf °§'r ound.
Modul at ed qokee.ities of the positively valued portions of the currents.are

conduct ed al ong g '%&@éﬁw[\g@%@m@%%@bogg@au d5atbge: thEe ener oy

storage device-is T ponS| to ren S a vertica
def | ecti on fyiackgdransiormes it supplies.enargy r@fmdthauhry@mltucm

- 3«3“:62 sggfdéfrécqmn gsfea@g?é g@cvgﬂéacgbnﬂ !Iégkﬁeaﬁ?,eo\‘gt?ﬁﬂlrﬁﬂ{s chff éﬁ‘ét ion
bpposrtel y id; WhiEA e SHbothis coriduckon, diins: BetVesnotas fesRegive
subtracti ngv‘hdings W2a and W2b and the storage capacitor C3. Current i3,

which is the difference of currents i1 and i2, charges storage

_ 'capacit_or C3 at the horizontal rate. Storage capacitor C3 thereby

10 'develops a vertical deflection voltage V1.  Capacitor C3 discharges
into a deflection yoke Lv to produce a vertical deflection current i4.
A feedback loop including resistor R3 linearizes and stabilizes the
deflection circuit. A control circuit 14 generates the base drive
signals for switching transistors Q1 and Q2. )

15 The respective conduction paths for currents i1 and i2 include:
respective storage coils, or inductors, L1 and L2; respective
coupling capacitors, or energy storage devices, C1 and C2; and,

- respective diodes D2 and D3. Diodes D2 and D3 are polarized for
conduction of horizontal retrace current. :

20 Diodes. D1 and D2 and transistor Q1 form a first switch, or

‘ switching network, 18, operatively associated with current i1.
Diodes D3 and D4 and transistor Q2 from a second switch, or
switching network, 20, operatively associated with current i2.
‘Diodes D1 and D4 also serve to isolate transistors Q1 and Q2 from

25 reverse voltages appearing at the collectors during horizontal
retrace. Switching networks 18 and 20 are responsive to the control
circuit 14, the oberation' of which is explained in more detail in
connection with FIGURE 3. . :

When transistor Q1 is nonconductive, capacitor C1 charges
30 negatively at the junction of diodes D1 and D2, resp'on_si_ve' to the
positive retrace pulses on winding W2a. When transistor Q2 is
nonconductive, capacitor C2 charges positively at the junction of
diodes D3 and D4, responsive to the negative retrace pulses on
winding W2b. Capacitors C1 and C2 charge to the peak horizontal
3s retrace voltage applied by windings W2a and W2b respectively.
When -trans'istors Q1 and Q2 are nonconductive, current i3 does not

This Sheet Has Been Re 'p

LU




~positively valued part -of one of the currents fromthe p05|t|ve'l y val ued
part of the other.current. The vertical deflection voltade is

--3-- . not subject to phase nodulation, as in the prior art switched"
vertical systens described above. Accord ngly, a North-South ﬁCRC&?é‘A(P”
correction current in phase with the horr'zontal deflecti.on circuit '1s
"generated by integration of the vertical deflection voltage in the vertical
defl'ecti on yoke. Horizontal rate '

flow, so that capacitor C3 does not receiv'e, any charge. The vertical
deflection current i4 in vertical deflection yoke Lv remains zero.
The positive currents i1 and i2 are controlled by the amount of
discharge of capacitors C1 and C2, respectively. The amount of
s discharge of capacitors C1 and C2 is controlled by modulating the
conduction time of transistors Q1 and Q2, respectively. Transistors
Q1 and Q2 are switched on at varying times within the interval t5-
t6 in FIGURES 2(a) - 2(f), as explained in more detail below. The |
transistors Q1 and Q2 are turned off during the horizontal retrace
1o interval when diodes D1 and D4 are reverse biased by horizontal
- - retrace pulses. -
Brlefly, at the start of vertical trace, transistor Q1 is turned
on at time t5 and transistor Q2 is turied on at time t6. This causes
a large positive current i1 to flow until time t4', and a small
.15 positive current i2 to flow until time t3'. The current flow of
currents i1 and i2 is due to the energy stored during horizontal
retrace in coils L1 and L2, respectively. The instant at which
transistor Q1 is turned on is progressively retarded from time t5 to
time t6 during vertical trace. During that same interval, the instant
20 - at which transistor Q2 is turned on is progressively advanced from '
time t6 to time t5. This causes a decreasing amplitude of current i1
‘and an increasing amplitude of current i2, as shown in the right hand
parts of FIGURE 2(b).
_ A yoke current is obtained when capacntors C1 and C2 are
25 discharged by transistors Q1 and Q2, respectively. A posmve yoke
current is obtained when transistor Q1 is in saturation. The positive
retrace voltage generates a charge current flowing through inductor
L1, capacitor C1, diode D2 and capacitor C3 to ground, resulting in a
positive voltage across capacitor C3. When the charge current falls
30 to zero during the first half of the horizontal trace interval, then
the charge, or voltage, across capacitor C1 causes diode D2 to
' become back biased and- diode D1 to become forward biased.
Capacitor C1 starts to dnscharge through diode D1 and saturated
- transistor Q1 during the second half of the horizontal ‘trace time.
35 "~ A negative yoke current is obtained when transistor Q2 is in
saturation. The negative retrace. voltage generates a charge current
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» wavef orns phased correctly for producing North-South raster correction, and
for other correction circuits, are provided. It is another inventive
arrangenent to provide a switched vertical defl ection systemyhich can

. provi de enhanced Nort h- Sout h pincushion‘ZGrrection by use of ﬁﬁﬁ%ﬂghion
transfornmer. A pincushion transfornmer has a first w nding capacitively
coupl ed to the energy storage device and a second winding formng part of a
hori zontal rate resonant circuit coupled in series with the verti.cal

the noed {SovRa: fromy aialnd iErdugh EoBadiing, Cin intlB, B3, TERERRYr .o ' @
Z\élw'n;cgetsoi and ardm@ﬂrmdLaegesUHingdéﬁla:apegntiwmtages acrass ragpaaitasy 6i3d
dor ot on Vifeflcfid [dhark® iRt ieie° Iy Ford i She A3t HA o thger ! ca!
t ranisggr[rghmmm_ai drage dotenvalethea the ichargect é’f)'ﬁﬁlﬂ%haﬁm,sﬁ n turn DC
GevTee.”] nopfBctl CRSuA BRGS BT 1o I San B anus Dolg):
i nduct or c&@@@ﬁdmde@%s@‘f hdCARSBHeE | tarts to cﬁsgnarge through
diode D4 and saturated transistor Q1 during the second half of the -
horizontal trace time. | - _ -
: Thus, the amount and polarity of the deflection current i4 is
10 determined by the amount of discharge current flowing through
transistors Q1 and Q2. Transistors Q1 and Q2 may operate in a
switched .manner, or even in class A, providing a current sink or
current source. Bipolar transistors Q1 and Q2 as shown in FIGURE 1
may be replaced by any other device providing a controllable
15 discharge path. In the folloWing description, transistors Q1 and Q2
operate in a switched manner to minimize dissipation.
. A number of waveforms useful in explaining operation of the
switched vertical deflection system 10 are shown in the various
parts of FIGURE 2. The left hand side of each part in FIGURE 2 shows
20 horizontal rate waveforms. The right hand side of each part shows
the corresponding vertical rate waveforms. The time lines of the
vertical rate waveforms are marked with respect to the TOP, CENTER
and BOTTOM of the display, or field. The vertical retrace interval is
between the BOTTOM of a field and the TOP of the next successive
25 field. . FIGURE 2(a) shows only horizontal rate retrace pulses. FIGURE
2(b) shows separate vertical rate waveforms for currents i1 and i2,
. shown together at the horizontal rate. The upper parts of each of
the vertical rate waveforms for currents i1 and i2 show the
positively valued portions "of currents i1 and i2 respecti\iely,
3o flowing through diodes D2 and D3 respectively. The lower parts of
~ each of the vertical rate waveforms for currents i1 and i2 show the
" negatively valued portions of currents i1 ‘and i2 respectively,
flowing through transistors Q1 and Q2 respectively. FIGURE .2(c)
~ shows current i3. FIGURE 2(d) shows voltage V1. FIGURE 2(e) shows
35 voltage V2. FIGURE 2(f) shows only the vertical rate current i4.

This Sheet Has Been Rerlaced

L




. swi-tch, or switching network, and to the energy storage device by a

‘capaci tor. It is yet another inventive arrangenent .to provide a
pi urality of advant ageous topol ogi cal features, which contribute to -

. inmproved operation of swtched vertlcal-aeflectlon systens. TRGAVBSBMMhgs of
the flyback transformer coupled to the source. of horizontal retrace pul ses
-are coupl ed together at a first junction, and the first junction is coupled
to ground. The wi ndings can be separate, substantially identical w ndings.
Alternatively, the w ndings can be different halves of a suhstantia
centertapped wi ddi ogerationhideflectien t curreshtidr stagsi !’lﬁbm%t!"?opgﬁkund

First and D 6B 1 wefthean a6 AIRARL TOR Y coupl ed
tTﬁet he T r%:ngsrgtosre%)?g;swsﬁ:ched |rr1]tdo “cat Braetrorg Oé’xetrf?neé tq.st and econd j unct i on.
substantially discharges C1. This causes a large amplitude of
5 charge current i1 flowing through diode D2. Stored horizontal
retrace energy in coil L1 causes positive current i1 to flow until
time t4'. Transistor Q2 is turned on at time t6 producing a small
dlscharge current i2 and consequently a small charge current i2
which flows through diode D3 until time t3'. The vertlcal yoke is
10 driven by current i3 which is the difference of posrtlvely valued
portion of current i1 minus  the positively valued portion of current
i2. Current i3, the waveform shown in FIGURE 2(c), charges
capacitor C3 producing voltage V1, the waveform shown in FIGURE
2(d). Voltage V1 increases until the amplitude of current i3
15 becomes smaller than the amplitude of the deflection current i4.
Deflection current i4, the waveform shown in FIGURE 2(f), i
obtained by discharging capacitor C3 through the vertical deﬂectlon
yoke Lv and current sampling resistor Rs. The deflection yoke Lv
integrates the horizontal rate voltage across capacitor C3 to a
20 substantially sawtooth current at the vertical rate. Due to the large
inductance of the deflection winding, the discharge current ‘cannot
follow the roughly triangular horizontal rate voltage across
capacitor C3. Consequently, the current i4 through the deflection
winding results from the average of the voltage across the capacitor
‘25 C3. Therefore, the deflection winding acts as a current sink to
discharge capacitor C3. The paralle! resonant frequency of the
capacitor C3 and the deflection winding determines the - vertical
retrace interval. The sawtooth shaped voltage V1 as integrated by
the high inductance of the deflection yoke Lv, produces at least some
30 parabolic North-South. raster correction current. A deflection
current sample across sampling resistor Rs is fed back to the
control circuit 14 to linearize the operation of the deflection
circuit. -
During the first half of vertical trace that is from the TOP to
35 the.CENTER, the turn on time of transistor Q1 is progressively
retarded from time t5, toward trme t6 During the same interval,
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- energy storage device for developing the vertical deflection voltage is
‘coupl ed to the second junction. Respective energy storage devices are
coupl: :ed to the inductances, which are thenselves coupled to the respective
- wi ndings. The energy storage devices ar‘e9charged opposi tely e%“p&?t ive
currents flow ng through the wi ndings. The energy storage devices are

caoupled to the respective switches, or sw tching networks, providing an

access for the current nodul ating control. The energy storage devices can

be S0 e Sy AP R o BabidibP R Y ot SGeye iRl i
partial bl umefter ntovedwalvitinge 5. This causes a progresswely decreasing
' amplitude of current i1 and a progressively increasing amplitude of
current i2. The amplitude of current i3, which is the difference of
s the positively valued portion of current i1 minus the positively
-valued"portion of current i2, also progressively decreases. As a
result, the amplitudes of voltage V1 and vertical deflection current
i4 also progressuvely decrease. The amphtudes of the positively
valued portions of currents i1 and i2 are equal at the CENTER of
10 vertacal trace. Consequently, current i3, voltage V1 and current i4
- are zero. Current i1 flows through diode D2 and transistor 01 and
current i2 flows through diode D3 and transistor Q2.
During the second half of vertical trace, Q1 continues to be
turned on progressively retarded from time t5, toward time t6.
15 Transistor Q2 continues to be turned on progressively advanced from
time t6, toward time t5. This causes a further progressive decrease
of current i1 and a further progressive increase of current i2. ‘As a
result, current i3, voltage V1 and current i4 progressxvely increase
in the negative direction.
20 Vertical retrace starts when the turn on time of transistor Q1
' is quickly shifted from back from time t6 to time t5, and transistor
Q2 is held in cut off. This causes a retrace resonance of one half
cycle between vertical deflection yoke Lv and capacitor C3, causing
a rapid and loss free reversal of the deflection current i4. As
2s vertical deflection current i4 changes its direction rapidly, a large
but narrow retrace voltage pulse is produced, evident in the
righthand portion of waveform 2(d) showing voltage V1. As
~explained above, the turn on times of transistors Q1 and Q2 are-
modulated during the interval from time t5 to time 16 to obtain a
30 modulated current i3, which starts to flow at the CENTER of
horizontal retrace and ends at time t4'. Transistors Q1 and Q2 are
“turned off during the second half of retrace when diodes D1 and D4
are non-conductive.
The circuit requires some overlap of currents i1 and i2 to
as avoid deflection current distortions or discontinuities. This is
~ illustrated by vertical rate waveforms of currents i1 and i2. |
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switched vertical deflection circuit according to an inventive arrangenent.
FI'GURES 2(a)-2(f) are wavefornms useful for explaining the operation: of the
circuit shown in FI GURE 1. - FIGURE 3 is an illustrative verti cal
_deflection circuit'in according to an i-W@ntive arrangenent. RCA 85,340
swi tched vertical deflection system 10 is shown Figure 1. A hor| zont al
deflection circuit 12, as known in the prior art, is coupled to a w nding
- WL of flyback transformer T1.- Horizontal deflection circuit nay oper at-e at

a horizont anni ng frequen [ fqr,.conventi.o rl aced
scanni ng. %E‘é?fﬁﬁ f‘f & ﬂ]‘ ﬁé a’»@b PENT;E& othe.¥8 (ﬁn‘&altﬁ' &‘? :
appr oxi mat durre’lr& '35% IzteréorTNeS@eMprdwm deereasets fromrtheooealTER

i lerr].  atowBRToR Aok o PHe ofeRaeCeditnt Bof e defBimined! b o™ ©

f I[ er r] kand sm:[taact]ngm current d3difrarar sutrend| e during Ake dirst dwaifnot itsace ds.
F t ; |
lpr sat o Bt S et Bl gt Gubont 8 Cfring thaddecbig! Half

coupl ed to W ndiin cent ertap
of trace.

The time duration of the envelope of current i3 is not
modulated because current i3 is formed by the difference of the
positively valued portions of currents i1 and i2. This causes

10 horizontal sawtooth voltage V1 to be in- phase with the horizontal

~ retrace pulses. The peaks of voltage V1 appear always at time t4,
where current i3 decreases to zero.- This allows a North-South
pincushion correction circuit 22 to be driven by voltage V1, as
shown in FIGURE 1. A pincushion transformer T2 has a primary

1s winding W3 coupled to capacitor C3 through capacitor C4. A
secondary winding W4 forms a line frequency resonant circuit with a
capacitor C5, producing the vertically modulated sine wave voltage
V2, shown in FIGURE 2(e), at the low side of the deflection yoke Lv.
Voltage V2 generates a cosine wave (90 degrees phase shifted)

20 raster correction current in vertical deflection yoke Lv as it is
‘required for raster correction. In other words, the horizontal rate
sawtooth voltage V1 is applied to the primary winding W3 of
transformer T2 through capacitor C4. The secondary winding W4
forms a horizontal rate resonant circuit togéther with capacitor C5

25 to produce the modulated sine wave voltage V2. Sine wave voltage
V2 injects a cosine current into the yoke winding, as required for
North-South raster correction. The- zero-crossings ‘of the horizontal
rate envelope of voltage V2 are not modulated. Further, the zero-
crossing is always at the center of the horizontal retrace interval.

30 Voltage V1, being in phase with horizontal rate waveforms, may be
‘employed by other circuits for correctlng moustache and gullwmg
distortion and for dynamic convergence.

Vertical deflection deflection yoke Lv is DC coupled to
switching transistors Q1 and Q2 and to the control circuit 14. This

35 - permits the use-of this circuit in receivers with AA-BB display or

| other features requiring dynamic raster shift. Flyback transformer .
- R .
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coupled to ground The center tap 16 defines two w ndings, or w nding
portions,  YWa and Wb of opposite polarity relative to one another.

Accor.dingly, positive retrace pul ses ar enerat ed by w ndi ! d
negatlve retrace pul ses are generated b ndlng W2h. VVndlﬁggxﬁgﬁﬁghd W2 b
receive energy fromthe horizontal deflection systemby nmeans of the

retrace pul ses. The energy is ~nade avail abl e to the-switched vertical
~defl ection system 10 for -5-

winding W2 is AC coupled to the vertlcat deflection circuit by
" capacitors C1 and C2. The AC coupling allows operation of the
deflection circuit without a picture tube protection circuit. The

~ absence of base drive for either or both of transistors. Q1 and Q2

5 does not produce excessive DC current in vertical deflection yoke Lv,
such as may damage the picture tube.

The value of capacitor C3 is matched to the inductance of
vertncal deflection yoke Lv to produce a correct vertical retrace
time. Further, voltage V1 should decrease to about ground potential

10 at time t1'. The averaged horizontal retrace voltage, or the trace
' voltage across winding sections W2a and W2b, should be twice the
required peak voltage across vertical deflection yoke Lv. Inductors -
L1 and L2, and capacitors C1 and C2 are equal in value. The
, component values are selected to obtain the necessary a'mplit'ude' ahd
15 shape of currents i1 and i2.
| | [FIGURE 3 shows a more complete circuit schematic for the.
switched vertical deflection circuit 10, adapted for operation with a
Videocolor 110° SP picture tube type A68 EAUO0X01. The various
operational waveforms are similar to those shown in FIG’UBE 2. Peak
20 to peak values of currents and voltages are noted directly, as are
some additional waveforms.

The control circuit employs a quad voltage comparator U1.
‘Each output transistor Q1, Q2 is driven by two comparators Ula, Ulb
or Uic, U1d connected in parallel, for obtaining adequate base drive.

25 Nonlinear horizontal ramp voltage V3 is produced by network 24,
including resistor R14, capacitor C11 and capacitor C12. Negative
retrace pulses from winding W2b are an input to network 24.
Nonlinear horizontal ramp voltage V4 is produced by network 26,
including resistor R16, capacitor C13 and capacitor C14. Positive

30 retrace pulses from winding W2a are an input to network 26.
Voltage waveforms V3 and V4 are shown.in FIGURE 3, upper right. A
voltage divider formed by reslstor R12 and adjustable resistor R13
provide centering control.

A vertical sawtooth input current |5 is combmed with vertical

'35 feedback current i6 at the junction of resistors R3 and R4, resulting
in-vertical drive vo‘ltagé V5. Vertical drive voltage V5 is compared
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generating a vertical deflection current in a vertical deflection yoke.
Briefly, and as will be explained in nore detail below, the flyback
transforner T1 supplies energy fromthe g)rl zontal deflection é to the
*vertical yoke by nmeans of currents il al# 12 which fol |l ow resﬁéét 5@
conduction paths between the respective w ndings Wa and Wb and the
storage capacitor C3. Current i3, which is the difference of currents i1l
and i 2, charges storage capacitor C3 at. the horizontal rate. Storage

P e St AP A B RROUPAGYS | YorBhal e 16 cRBQUES Hhansiggrnor
current i 4swichingbpulsesomodulatedi ing thestlme)rmte;val 8ak6.zeThen@os-abi | i zes
the defl ecilhaanw r&fu'tﬁe ﬁbﬁ?@ﬁféi’{ d?llb%ft s 0¢3e4A eq4t Bgodse dri-ve

signals fo transi st he respective

conduct i on"]ﬁ%&"t\‘% @UF‘F‘Gnﬁ’?ft'qala gtrage, nandqin pagiciiar, Auwing e coi i s,
or indugt Osharplnegdtwé &8k nsic voltageovis. i nWithanacthe mon-linearity showm, age

devi ces, a%?stor Q"imcanrt%rlt%eCt 1% 8aﬁ9e§n8 AYLE somd gy &S 2re

polarlzed
very TOP of the raster.

The overlapping operatlon of the output stage, explamed above
in connection with FIGURES 1 and 2, is obtained by the overlap of the
10 horizontal ramp voltages V3 and V4, clear from the illustration in
FIGURE 3. The overlapping is controlled by network 24, wherein
~ resistor R15 and diode D7 charge capacitor C12 negatively, to reduce
the natural overlap of ramp voltages V3 and V4. More partlcularly,
network 24 sets the DC level of ramp voltage V3.

15 The peak collector voltages on transistors Q1 and Q2 are
approximately 70 volts during vertical trace. During vertical
retrace, the collector voltage of transistor Q2 increases to
approxnmately 150 volts because capacitor C2 is clamped by diode
D3 to the vertical deflection yoke retrace voltage. A Zerier diode D5

20 is connected across transistor Q2 for protection during retrace. The
Zener diode D5 limits the collector voltage on transistor Q2 to
approximately 120 volts. The peak to peak pincushion correction
current .in deflection yoke Lv is approximately 100 mA,
corresponding to a pincushion distortion of approximately 14%.

.25 The loading of the flyback transformer T1 is symmetrical, in
contrast to other switched vertical deflection circuits. This avoids
-horizontal raster distortion in the East-West direction. No DC power
-supply is needed. The AC coupling between the ﬂyback transformer
and the deflection circuit, provided by capacitors C1 and C2,

30 . protects the picture tube against excessive yoke currents in the
absence of base drive for transistors Q1 and/or Q2. The circuit may
be adapted to different yoke impedances by changing component

~ values. Operation without North-South raster correction can be
implemented by omitting transformer T2 and the associated

35 components. The DC yoke coupling allows 2fy, 100 Hz field
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conduction of horizontal retrace current. D odes D1 and D2 and
transistor, QL forma first switch, or switching network, 18, operatively
-associated with current il. Diodes D3 -and D4 and transistor @ froma
second switch, or switching network, 20-{1@eratively. associ at eRCA85;840
current i2. Dlodes D1 and D4 al so serve to isolate transistors QL and
fromreverse voltages appearing at the collectors during horizontal
retrace. Switching networks 18 and 20 are responsive to the control circuit
14, the operation of which is explained in nore detail in connection with -
FIGURE 3. sequentiah (AdeBB)sopergtions dhe components depermining dhechar ges
negatively ”ﬁ'ﬁ@t%ﬁ ﬁ?& , L he positive
retrace pulggghgﬂc% ndi n he nq?’rag gtt'@? a zﬁgq‘?oﬁgglglliti ve,
capacitor C2 charges p05|t|vely at the junction of di odes D3 and D4,
responsive to the negative retrace pulses on w nding Wb. Capacitors Cl
and C2 charge to the peak horizontal retrace voltage applied by w ndings
W2a and W2b respectively. Wen transistors QL and @ are nonconducti ve,
current i3 does not- :
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- 6- flow, so that capaci tor C3 does not receive any-charge. The verti c:
deflection current 14 in vertical deflection yoke Lv remains zero. The
posi.ti l Il l di2 are controlled by the amount of discharge of
;capacjwﬂTMimﬂ EFespectivel y. The,gmount of discharge tors

Cl and «Zcistcomtrollsed by nodul ating tﬁgﬁgonduction time of q{(qg?ﬁg"?@%rs Q
and @, respectively. Transistors _ o _ '

1

CLAIMS:

1. A switched vertical deflection system, comprising:
first (W2a) and second (W2b) windings inductively coupled
with opposite polarity to a source of horizontal rate retrace pulses
from a horizontal deflection circuit (12); . |
means (L1,L2) energized by said retrace pulses for generating
modulated currents of opposite polarity; '
a vertical deflection yoke (LV); and,
energy storage means (C3) responsive to said currents for
developing a vertical deflection voltage (V1) in phase with said
currents for driving a vertical deflection current (i4) in said
vertical yoke, characterized by a North-South pincushion correction
~current in phase with said horizontal deflection circuit (12) being
 generated by integration of said vertical deflection voltage (V1) in
'said vertical deflection yoke (LV).- o ~

2. The system of claim 1, characterized in that said vertical
deflection voltage (V1) is related to an amplitude difference
between said currents.

3. The system of claim 1, characterized in that said
vertical deflection current (i4) is related to an amplitude difference
between positively valued portions of said currents.

4. The system of claim 1, characterized in that said windings
(W2a,W2b) are AC coupled to said modulated current generating -
means (L1,L2) and to said energy storage means (C3). '

5. The system of claim 1, characterized in that said modulated
current generating means comprises respective means (Q1,Q2) for
diverting negatively valued . portions of. said currents from flowing
through said energy storage means (C3).
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. QL and are svmtcned on at varying tines V\nthlnthelnterval t5- t6 in
_ -‘FI GURE explained in nore detail below The transistors QL
and . Qzﬂm "I m&"mjﬂiwl ng. the horizontal retrace interval when di odes D1
* ,and D4 arecrewverse soi ased by hori zont al-{r§trace pul ses. REAI 85,840 at
the start of vertical trace, transistor QL is turned on at tinme t5 and
transistor @ is turned on at tine t6. This causes a |arge positive current
il to flowuntil time t4', and a small positive current i2 to flow until
time t3'. The current flow of currents il and i2 is due to the energ
stored during hé:i Zbheasystem aafeclaimcdl.ld'ﬁa_rac&efézedz inr&‘@ée%@iﬂvquu'ailﬁd

 nstant al clifedrt gbgaféﬁggrn@adss (L/12Y cefnprised G@spaetive! g ded from

time t5 to vert I nterval, the

instant at (ml.@ﬂ)tfqnglf%qusé 'Yﬂynéﬂ oH%t&P&; ég ePPrERREREd from -

S tinme t6 toshidmc@ﬁenfgué(ocf@.l&ﬁﬁe?e,ﬂe@'angl ng anplitude of current il and an
i ncreasing anplitude of curfrent 12, as shown in the right hand parts of '

FI GURE 2(b). » A yoke current is obtained when capacitors Cl and C2 are
: 7. The system of claim 6, characterized in that each. of said

directing means comprises a switch (Q1,02) and two diodes (D1,D2;
D3,D4), one of said diodes (D1,D2) conducting positively valued
portions of said respective current through said energy storage
means (C3) and the other of said diodes (D3,D4) conducting
negatively valued portions of said respective current through said
switch (Q1,Q2). |

“ 8. The system of claim 7, characterized in that said diodes .
(D1,D02,D3,D4) are coupled in series at a junction (D2,D3), said
positively and negatively’ valued portions of said respective current
being present at said junction.

| 9. The system of claim 5 or 8, characterized in that said
respective directing méans (Q1,Q2) are coupled to one another at a
second junction (ground), and said second junction is coupled to said
energy storage means (C3).

10. The system of claim 1 or 9, characterized by a pincushion
transformer (T2) having a first winding (W3) capacitively coupled to
said energy storage means (C3) and a second winding (W4) forming
part of a horizontal rate resonant circuit coupled in series with said
vertical deflection yoke (LV).

11. The system of clasm 6, wherem each of said directing
means comprises: _

a current.discharge path (Q1 02) .

means for conducting positively valued portions of said
respective current through said energy storage means {C3) and for -
conducting negatively valued portions of sald respectlve current
through said current d:scharge path (Q1 ,Q2).
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\dl schargeet—by—t—r-&n&—st—er—s—@ﬁand Q2 respect Ively. A positive yoke current

ai ned when transistor I n saturation. The posttive retrace _
voI tage ge j uﬂ ﬁl urrent fl owi ng through inductor L1, capacitor
C1,  di ode ngug to ground-1@esulting in a p03|t|%A\ﬁ§l.&4@ge
across capacitor Wien the charge current falls to zero-during the first

hal f of the horizontal trace interval, then the charge, or voltage, across
capacitor Cl causes diode D2 to becom_e ‘back biased and diode D1 to. becone
forward biased. Capacitor Cl starts to discharge through di ode D1. and
saturated transistor QL during the second half of the horizontal trace -

time. A ned@l i VFhe ddystent rofntlaim o haedcterized ianthattonlyQ2 is in
saturation. oINSt AR Poriohs' 8F 'S8 FENSEAIRS SurrBAl Yre® ohlicted
through said energy storage means {C3) and only negatively valued
| ‘portions of said respective current are conducted through said
discharge path (Q1 02)

13. The system of clarm 6, wherein each of said dlrectmg
means comprises:

a current discharge path (Q1,Q2);

- first means (D2,D3) for conductmg positively valued portlons
of said respective current through said energy storage means (C3)
and for blocking negatively- valued portions of said respective '
‘current from flowing through said energy storage means; and,

second means (D3,D2) for conducting negatively valued
portions of said respective current through said current discharge
path- (Q1,Q2) and for blocking -positively valued portions of said
respective current from flowing through said current discharge path.

14. The system of claim 11, characterized in that both said
diverting means comprise a first semiconductor switch (Q2)
defining one of said discharge paths, four similarly poled diodes
(D1-D4) and a second semiconductor switch (Q1) defining another of
said discharge paths, all coupled in series between two sources of
ground potentlal

15 The system of claim 14, characterized in that said first
semiconductor switch (Q2) has an emitter-collector junction and
said second semiconductor swutch (Q1) has a collector-emitter
junction, each poled similarly to said diodes (D1-D4).

-16. A deflection system, comprising:

a plurality of windings (W2a;W2b) of opposite polarity
transformer coupled to a source (12) of a first defleotion current;

respective - inductances (L1,L2) coupled to. said transformer
coupled windings;
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v - 7- f1ow ng from ground through capacitor C3, diode D3, capacitor C2 and

i-nduct in a negative voltage across capacitor C3. \Wen the
chargemummmmmmlﬂ:lu zero during the fjrst half of the hor t24 trace
“intervak, then the scharge, or- voltage, jross capacitor C2 ceéé’grsks 4Qde D3
tQ becone back biased and diode D4 to becone forward biased. Capacitor C2
starts to discharge through diode D4 angd saturated transistor QL during the

second half of the horizontal trace tinme. ~ Thus, the anount and
polarity of the t
di schar ge curren%é%%& %ﬁ'#énm 5“% géglé@ (f%w@rtgnm S ors QL and
@ may opeinductancass(lit,tR)dandneharges appasitely dhy sespectivey curments
current S|ﬂ5mﬁgcm,roq;§h s%acqvmamgg ar transistors QL and Q@ as. shown in
FI GURE 1
further energy storage means (C3) coupled to said respectlve
energy storage means (C1,C2);
a deflection yoke (LV) for conducting a second deflection
current driven by said further energy storage means (C3); |
respective switching means (Q1,Q2) coupled to said respective
energy storage means (C1,C2) for controlling respective conduction
paths between said respective energy storage means and said
further energy storage means (C3) to transfer respective quantities
of energy; and,
means (14) for controlling said respectlve swutchlng means.

17. The system of claim 16, characterized in that said
windings (W2a,W2b) are coupled at a junctnon and said junction is
coupled to ground.

- 18. The system of c_lafm 16, characterized in that said
windings (W2a,W2b). are different parts of a substantially
-~ centertapped winding, said centertap (16) being coupled to ground.

19. . The system of claim 16 or 17, characterlzed in that said
respective inductances and ‘respective energy storage means
comprise an inductor (L1,L.2) coupled between each of sald windings
(W2a,W2b) and a capacitor (C1 ,C2).

20. The system of claim 16 or 19, characterized in that each
of said respective switching means oompriSeS'
' a switch (Q1,Q2) responsive to said controlling means (14);
a first diode (D1,D4) coupled to said switch (Q1,Q2) and
coupled to said respective energy storage means (C1, C2); and,
a second diode (D2,D3) coupled to said respectlve energy
storage means (L1 ,L2), coupled to said first diode (D1,D4) and
coupled to said further energy storage means (C3).
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, may Wot her device providing a controllable discharge

path foIIovm ng descri.ption, transistors QL and 2 operate in a

SWi tc Umu”' i m ze dissipation. A nunber of waveforns useful
Sip ex ,ln of the switchedNrtical deflection SfSAEHHEP are
shown in the varlf)us parts of FIGURE 2. The left hand side of each part in
FI GURE 2 shows horizontal rate waveforns. The right hand side of each part
shows the corresponding vertical rate waveforns. The time |ines of the
vertical rate waveforns are marked with respect to the TOP, CENTER and :
'BOTTOM of the diedpl a»ﬁ dsfecttendsvs’mm&qme $iNGat race interval is between

the BOTTOM of afirsel(W2d)d antk sécBndf (W2ab) nwihdmjgscgﬁ'i)sferhrheelabuﬁlbw& 2(a)
SNOWS separ ate

\S/Q(r)\tlvlscglnI ?15[13%8& d’gxse& ﬁi#tagﬁﬂgg#@ﬁ ﬁﬂﬁe?tj shown together at the
hori zont al rateflréhe(Q][)pandpsecendf (Qakrswttclnlng means alespectivety ef or ns f or
5 Eopacr ol Tkt S, B SO0 VN 58 et Gl o o
- parts of eficst dﬂﬂqt@n/e&B .rate vvavef orms for currents i1l and i 2 show
t.he ' means (22) for developing a control voltage coupled to said
first junction;
a deflection yoke (LV) coupled to said- control voltage '
_developing means(22); and, '
means {14) for controlling- said first and second sw:tchmg
means (Q1,Q2) to modulate said control voltage for generating a
_ sécond deflection current in said deflection yoke (LV).

22. The system of claim 21, characterized in that said first
(W2a) and second (W2b) windings are coupled together at a second
junction (ground), and said second junction is coupled to ground.

23. Thesystem of claim 21, characterized by: _
- first (L1) and second (L2) inductances respectively coupled to
~ said transformer coupled windings (W2a,W2b); and, '
first (C1) and second (C2) energy storage means respectively
boupled- to said first and second inductances and to said first (Q1)
and second (Q2) switching means, and charged oppositely by
respective currents flowing through said windings.

24. A deflection system, comprising: _
first (W2a) and second (W2b) windings transformer coupled to
a source (12). of a first deflection current, said first and second
windings being coupled together at a junction (ground);
first (Q1) and second (Q2) switching means respectively
coupled to said first and second windings; o
means (22) for developing a control voltage respectively
- coupled to said first and second switching means; characterized in
~ that said junction being coupled to ground;
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.negamlm*pnﬁﬂ'—ens of currents il and i2 re'spect ively, flow ng

throu&mn and Q respectively. FIGURE 2(c) shows current i3.
FI GUR m’m ‘lp ge V1. FIGURE 2(e) shows voltage V2. FI GURE 2(f)
e we

.shows dnly t

-8-

rate current i4.19- . RCA 85,840

anplitude at the start, or TOP, of the vertical trace. At the TOP,

a deflection yoke (LV) coupled to said control voitage .
developing means (22); and,

means (C4) for controlling said first and second switching
means to modulate said control voltage for generating a second
deflect_ipn current in said deflection yoke. -

25. The system of claim 24,' characterized in that said

windings (W2a,W2b) are different parts of a substantially.

centertapped winding.

26. The system of claim 24. characterized by:
first (L1) and second (L2) inductances respectively coupled to

- said transformer coupled windings (W2a,W2b); and,

first (C1) and second (C2) energy storage means respectively
coupled to said first and second inductances and to said first (Q1)
and- second (Q2) switching means, and charged oppositely by
respective currents flowing through said windings.

27. ‘The system of claim 21, 23, 26 or 28, characterized in
that each of said flrst (Q1) and second (Q2) swutchmg means
comprises:

a switch (Q1,Q2) responswe to said controlling means (C4)

a first diode (D1,D4) coupled to said switch (Qt1 ,Q2) and
coupled to said respective energy storage means (C1,C2); and,

a second diode (D2,D3) coupled to said respective energy
storage means (C1,C2), coupled to said first diode (D1,D4) and
coupled to said control voltage developing means (22).

28. The _s_ystem of claim 27, characterized in that said first
(W2a) and second (W2b) windings are coupled together at a second
junction, and said second junction is coupled to ground.

| 29. A vertlcal deﬂectlon system, comprising: .
first means (T1) for generating first and second currents
modulated -at a horizontal rate

I n operati on,- defl ection current i4 starts with. positive peak
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, transistor 'S SW into saturation at time t5 and substantially

“di schar s a large anplitude of charge current i1l flow ng
t‘nrough?muﬁ”lﬂm?’ Hi’ hori zontal retrace energy in coil L1 causes

- positive*curren low until tine-g- Transistor 2 i s RGArBSB4ON at
time t6 producing a small discharge current i2 and consequently a small
charge current i2 which flows through diode D3 until tinme t3' . The vertical

yoke is driven by current i3 which is the difference of positively-valued
portion of current il mnus the positively valued portjion of current i?2.

Current i3, theseaondomeans\(®2,P3} farrgenemating rarihird cuseant: indieative
produci ng ypld @IﬁﬁYéncéhﬁ?Wéﬁoéé‘USdeﬂ SecoRd %&)ula‘k@dﬂmﬁzbﬂtal

" increases unttl de of current 13 becones snmaller than the _
anpl i tude Ate I%"'E%ﬂtsec%ﬂﬁn current-i4. Defl ection current.i4, the

TR 1 e i fel

The dgf I ecY?HfF O@ﬂgpeﬂ(m e 5? & h‘%ﬁa"?géﬁ ééﬁgétt@ﬁcgbkgge across '

capaci tor éﬁat—am@thhytlally 'sawmtooth current at the vertical rate. Due

to the large a pincushion transformer (T2) having a first winding (W3)
capacitively ‘coupled to said integrating means and a second winding
(W4) forming part of a horizontal rate resonant circuit coupled in
series with said vertical deflection yoke (LV).
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. inductance of the deflection w nding, the discharge current cannot follow
t he roughl y triangular horizontal rate voltage across capacitor C3.
Consequently, the current i4 through the deflection wnding results from
the average of the voltage across the cap@di-tor C3. Therefore, the

defl ection w ndi ng acts as a current sink to discharge capaci tRCA GB8dhe
paral l el resonant fregquency of the capaci tor C3.and the deflection w nding
det erm nes the verti RASTER . CORRECGTED VERTIOAL DRELECTION GIRCUI] tage Vi1,
as integrated by the high inductance oPBSTRAEEY | ection yoke Lv, produces at
| east sone parabolic North-South raster correction current. A deflectlon
current sanpl-e adwe swindipgs ngVRadVab)roRa flybaeck transformem¢Tdprinr al

o ha herizbRtar denécfoRPERgtitoArg" indlicthiely FEbLBME ' Wi 1oppasite

During the |ca
CErNITEgR t hepg{ﬁﬂWot@ ta rﬁQIHPet 2 rmrmabxat% retrégee puilses (12) ot dthged from

time t5,s't owiridings"hav® alubiriof faneioR éolsledato ground. A circuit

(L1 .Ci‘,LZ.CZ) energized by the retrace pulses generates modulated
currents- of opposite polarity. Conduction of each current is
controlled by a switch circuit (18,20) including a semiconductor
switch (Q1,Q2) and two diodes (D1-D4). The switch circuits are

10 coupled to one another at a junction, and the junction is coupled to
an energy storage capacitance (C3). One of the diodes conducts
positively valued portions of the respective current through the
energy storage capacitance and the other of the diodes conducts
negatively valued portions of the respective current through the

1s semiconductor switch. Each semiconductor switch is.a current
discharge path. The energy storage capacitance is responsive to the
currents for developing a vertical deflection voltage in p'has'e with
the currents at the horizontal rate for driving a vertical deflection
current in a vertical deflection yoke (LV). The vertical deflection

20 current is related to the difference in amplitude between positively

- valued portions of the currents. A North-South pincushion
correction current in phase with the horizontal deflection is
'generated by integration of the' vertical deflection voltage (V1) in
the vertical deflection yoke. A North-South pincushion transformer

25 (T2) ‘has a first winding_ capacitively coupled to the energy storage
capacitance (C3) and a second winding (W4) forming part of a
horizontal rate resonant circuit coupled in series w1th the vertical
deﬂectlon yoke (LV). -

FIG.1l
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-9-  the turn on tinme of transistor @ is progressively advanced fr.om
“time t6, toward tine t5. This causes a progressively decreasing anplitude

of current i1 and a progressively increasing anplitude of current i2. The Zg.
anmplitude of current i3, which is the difference of the positively val ued
portion of current il mnus the positively valued portion of current i2,

"al so progressively decreases. As a result, the anplitudes of voltage V1 and
vertical deflection current i4 also ptpgressively decrease. The anplitudes,
of the positively valued portions of currents il and i 2 are equal at the
CENTER of
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vertical trace. Consequently, current i3, voltage V1 and current i4 are

.zero. Current il flows through diode D2 and transistor QL and current i2
flows through diode D3 and transistor Q. During the second hal f of
vertical trace, QL continues to be turned on progressively retarded from
tinme t5 toward time t6. Transistor 2 continues to be turned on
progreSS|ver advanced fromtine t6, 27gard time t5. This causes a further
progressi ve decrease of. current i1l an furt-her progressive increase of
current i2. As a result, current i.3, voltage V1 and current i4

progressively increase in the negative direction. Vertical retrace
starts when the turn on time of transistor QL is quickly shifted®&om back
fromtinme t6 to tine t5, and transistor @ is held in cut off. T causes

-a retrace resonance of one half cycle between vertical deflectiaon yoke Lv
and capacitor C3, causing a rapid and | oss free reversal of the &I ection
current i14. As vertical deflection current i4 changes its direct

rapidly, a large. but narrow retrace voltage pulse is produced, e ent in
t he right hand pﬁﬁtlon of maveforn12(d) showi ng voltagguV1 As
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retrace and ends at
The circuit

i2 to avoid deflection current

fromtime t5 to tinme t6 to obtain a nodul ated current

the turn on tinmes of transi stors QL and Cﬁ are nodul at ed

Transistors QL and @2 are turned off during the second half of

“retrace when di odes- D1 and D4 are non-conducti ve. -

o P
which starts to flow at the CENTER of hori zontal

expl ai ned above,
duxring. the.interva
Ctime t4".
requires sone overlap of currents il

i 3,

BNV 3SIMUIHIO SSIINN T NI SINTVA HOLSIS3H .
N LS SINVAHOLIOVAYD ., S Hve XYW

z . opm b .
G . GV ISIMEIHLO SSTINN A NI | < SINTVA BOLIOVAYD &0 SNUIML OPC - _
3 o..u..@-%.m I d-0AST 0000012ESW-190A__  e5m)
8 o \_I\~\m_/r . = /._m_ - Jiavisnray -2l oy
- O AN vy . . .
g Indw LD
> | Nee xea JONINAWVS-N - 2y “
v 8900 |
w 1 : ¥F
© [ J
8 € "9id
©
._nﬂ.u.
>
— BZM _ T
0t 0% | g vy

94 L0

kL

[

(7] | .
£ il va
ONIYILNID L 851ve

. . | €a

8- aes 6EENT .

=B ) | In _ 851vg

5 N ~ AZL+ | . ” «

£ o TR AL Lo 1G

2 | owow 80 o o 3
== : 69+ : 8
N L GEM —]} 8rLONI 10 :
. - NeLf\ vm oo ™) | % F
'S | v O e - it 2
C . . -
o | g
23
59 ;
5 € £

|

|



For %{Jt decreases frqmt p‘ééﬁ%@ 0
F A n .

€N C8EIen
"i3is zero. ‘{t}ffﬁ"}gfg Bl
BOTTOM The BYaEe? , ‘_-_j"i'. attodn be det ermine Eﬂﬁﬁb‘&ﬁtfi" “CU% gé@
from current the flirfst half of tra eﬂ*ﬁiﬁﬁtﬁ’@ subf¥ & u;g &t
i3 fromcurr i197 t He {second hal f of g/&kawms(s) PRE” ad -on
of the enveliope of current 13 ]i s not modul at e exintrae cUHREY Lsg’Fo'r med
by the diffefremte™ i tli vel y- val ued poftions of currentg?tg@ nd i 2.
This causes forizontal sawtootlh voltage V1 to|bg i peRECHPH 106 L0

hori zontal retrace pul ses. The peaks of volta Ways at time
bi houshi on.cor recl VR Bl CaTT B3 ED BERTICAE PR CCRETIONCHEOR & oun i n
FIGURE 1. A pi Fréusmruentmhslfedam geneelly, tor M%e field rmlfi r\@msaboupl ed to
capaci tord@ﬂebﬁbﬂuﬁr&ﬂ@c'atrﬁf |ﬁ4pa?tléﬁl-‘éi'”dﬁf Yhe FEI89 ofYsivitchede | 1 ne
frequency e P e fldctinn mitauits.

New generations of color television picture tube-yoke
combinations may require North-South pincushion correction. A
further requirement can be DC coupling between a vertical
deflection amplifier and the deflection yoke, for example when
producing a flicker-free AA-BB display. Each field is scanned twice,
consecutively, at twice the normal scanning rate, in such AA-BB
displays. It is therefore desirable to have a DC coupled vertical
deflection circuit producing vertically modulated horizontal rate
waveforms for applying to a simple North-South pincushion
correction circuit. ,

Some of these characteristics suggest that a switched
vertical deflection circuit may be appropriate. However, switched
vertical deflection circuits can have the following disadvantages:

A first kind of switched vertical circuit is the synchronous
switched vertical deflection circuit, often referred to as an SSVD,
which employs two thyristors. The thyristors are turned on at
modulated instants during the horizontal retrace period. The use of
fast thyristors can require a complex control circuit, which can be
too expensive. Examples of SSVD circuits are shown in the
following U. S. Patents: 4,041,354; 4,079,293; 4,096,415; 4,117,
380; and, 4,338,549. -‘

A second kind of switched vertical circuit is the switched
mode vertical deflection circuit, often referred to as an SMVD,
which employs two switching transistors. The transistors are
turned on at modulated instants during the horizontal trace period.
This produces a strong phase modulation of the horizontal rate .
waveforms, which therefore cannot be employed for North-South
raster correction. An example of an SMVD circuit is shown in U. S.
Patent No. 4,174,493. |
_ A third kind of switched vertical circuit is the single switch

'~ vertical deflection circuit, which employs either a thyristor or a
transistor switch with- anfiparallel diode. The phase changes from
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Moreover, and to further disadvantage, the three circuits
described above each require a picture tube protection circuit which
shuts down the receiver when one drive signal of the switches is
missing, to avoid damage to the picture tube from excessive DC
current.

It is an inventive arrangement to provrde a new switched _
vertical deflection system for directly converting horizontal energy
into vertical deflection current, wherein a vertically modulated
horizontal sawtooth voltage across a vertical ‘deflection yoke can
provide North-South pincushion correction. = First and second
windings are inductively coupled with opposite polarity to a source
of horizontal rate retrace pulses from a horizontal deflection
circuit. The windings can form part of a horizontal flyback
transformer in a horizontal deflection system, operating at a
horizontal rate. A circuit energized by the retrace pulses generates
modulated currents of opposite polarity. The modulated current
generating circuit comprises respective switching networks for
directing positively and negatively valued portions of the currents
along different paths. The negatively valued portions of the currents
are conducted through switches along discharge paths to ground.
'Modulated quantities of the positively valued portions of the
currents are conducted along -charging paths through an energy
storage device. The energy storage device is responsive to the
currents and develops a vertical deflection voltage in phase with the
currents for driving a vertical deflection current in a vertical
deflection yoke. The vertical deflection voltage reflects a net
average charge resulting from charging by the oppositely directed
currents. The net average charge is determined by subtracting the
positively valued part of one of the currents from the positively
valued part of the other current. The vertical deflection voltage is
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not subject to phase modulation, as in the prior art switched
vertical systems described above. Accordingly, a North-South
pincushion correction current in phase with the horizontal
deflection circuit is generated by integration of the vertical
deflection voltage in the vertical deflection yoke. Horizontal rate
waveforms phased correctly for producing North-South raster
correction, and for other correction circuits, are provided.

It is another inventive arrangement to provide a switched
vertical deflection system which can provide enhanced North-South
pincushion correction by use of a pincushion transformer. A

_pincushion transformer has a first winding capacitively coupled to

the energy storage device and a second winding forming part of a
horizontal rate resonant circuit coupled in series with the vertical

~deflection yoke.

It is still another. iriven_tive arrangement to obviate the need
for shutting down the receiver when one drive signal of the switches
in a switched vertical deflection system is missing, to avoid -damage

to the picture tube from excessive DC current. In switched vertical
deflection systems in the prior art, the windings of the flyback
- transformer are DC coupled in series with inductors, which are in

turn DC coupled to the switches, or switching networks, and to an
energy storage device. In the switched vertical deflection systems
taught herein, each inductor can be AC coupled to the respective
switch, or switching network, and to the energy storage device by a
capacitor. '

It is yet another inventive arrangement to provide a plurality
of advantageous topological features, which contribute to improved
operation of switched vertical deflection systems. The windings of
the flyback transformer coupled to the source of horizontal retrace
pulses are coupled together at a first junction, and the first
junction is coupled to ground. The windings can be separate,
substantially identical windings. Alternatively, the windings can be
different halves of a substantially centertapped winding, in which
case the center tap is coupled to ground. First and second switches,
or switching networks, are respectively coupled to the first and
second windings and coupled together at a second junction. The
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oppositely by respective currents flowing through the windings. The
energy storage devices are coupled to the respective switches, or
switching networks, providing an access for the current modulating
control. The energy storage devices can be embodied as capacitors,
which also provide the AC coupling described above.

In the Drawings: |

| FIGURE 1 is a circuit diagram, in partial block form, showing a
switched vertical deflection circuit according to an inventive
arrangement. . .

FIGURES 2(a)-2(f) are waveforms useful for explaining the
operation of the circuit shown in FIGURE 1.

FIGURE 3 is an illustrative vertical deflection circuit in
according to an inventive arrangement.

A switched vertical deflection system 10 is shown Figure 1. A
horizontal deflection circuit 12, as known in the prior art, is
coupled to a winding W1 of flyback transformer T1. Horizontal
deflection circuit may operate at a horizontal scanning frequency of
fy, as for conventional interlaced scanning. Scanning at fy, for
example, can correspond to a rate of approximately 15,750 Hz for
NTSC interlaced standards. Horizontal deflection circuit 12 may
also operate at a multiple thereof, for example 2fy, as for
progressive noninterlaced scanning. The scanning rates fy and 2fy

- will have different values for PAL and SECAM standards.

Flyback transformer T1 has another winding W2, which is
inductively coupled to winding W1. Winding W2 has a centertap 16
coupled to ground. The center tap 16 defines two windings, or
winding portions, W2a and W2b of opposite polarity relative to one
another. Accordingly, positive retrace pulses are generated by
winding W2a and negative retrace pulses are generated by winding
W2b. Windings W2a and W2b receive energy from the horizontal
deflection system by means of the retrace pulses. The energy is
made available to the switched vertical deflection system 10 for
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- flyback transformer T1 supplies energy from the horizontal

deflection system to the vertical yoke by means of currents i1 and

i2 which follow respective conduction paths between the respective

windings W2a and W2b and the storage capacitor C3. Current i3,

which is the difference of currents i1 and i2, charges storage

capacitor C3 at the horizontal rate. Storage capacitor C3 thereby

develops a vertical deflection voltage V1. Capacitor C3 discharges

into a deflection yoke Lv to produce a vertical deflection current i4.

A feedback loop including resistor R3 linearizes and stabilizes the

deflection circuit. A control circuit 14 generates the base drive

signals for switching transistors Q1 and Q2.

The respective conduction paths for currents i1 and i2 include:
respective storage coils, or inductors, L1 and L2; respective
coupling capacitors, or energy storage devices, C1 and C2; and,
respective diodes D2 and D3. Diodes D2 and D3 are polarized for
conduction of horizontal retrace current.

Diodes D1 and D2 and transistor Q1 form a first switch, or
switching network, 18, operatively associated with current i1.
Diodes D3 and D4 and transistor Q2 from a second switch, or
switching network, 20, operatively associated with current i2.
Diodes D1 and D4 also serve to isolate transistors Q1 and Q2 from
reverse voltages appearing at the collectors during horizontal
retrace. Switching networks 18 and 20 are responsive to the control
circuit 14, the dperation of which is explained in more detail in
connection with FIGURE 3.

When transistor Q1 is nonconductive, capacitor C1 charges
negatively at the junction of diodes D1 and D2, responsive to the
positive retrace pulses on winding W2a. . When transistor Q2 is
nonconductive, capacitor C2 charges positi\?ely at the junction of
diodes D3 and D4, responsive to the negative retrace pulses on
winding W2b. Capacitors C1 and C2 charge to the peak horizontal
retrace voltage applied by windings W2a and W2b respectively.

. When transistors Q1 and Q2 are nonconductive, current i3 does not
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detlection current 4 in verttcal deflectlon yoke Lv remains zero.

The positive currents i1 and i2 are controlled by the amount of

- discharge of capacitors C1 and C2, respectively. The amount of
discharge of capacitors C1 and C2 is controlled by modulating the
conduction time of transistors Q1 and Q2, respectively. Transistors
Q1 and Q2 are switched on at varying times within the interval t5-
t6 in FIGURES 2(a) - 2(f), as explained in more detail below. The
transistors’ Q1 and Q2 are turned off during the horizontal retrace
interval when diodes D1 and D4 are reverse biased by horizontal
retrace pulses.

Briefly, at the start of vertical trace, transistor Q1 is turned
on at time t5 and transistor Q2 is turned on at time t6. This causes
a large positive current i1 to flow until time t4', and a small
positive current i2 to flow until time t3'. The current flow of
currents i1 and i2 is due to the energy stored during horizontal

~ retrace in coils L1 and L2, respectively. The instant at which
transistor Q1 is turned on is progressively retarded from time t5 to
time t6 during vertical trace. During that same interval, the instant
at which transistor Q2 is turned on is progressively advanced from
time t6 to time t5. This causes a decreasing amplitude of current i1
and an increasing amplitude of current i2, as shown in the nght hand
parts of FIGURE 2(b).

. A yoke current is obtained when capacitors C1 and C2 are
discharged by transistors Q1 and Q2, respectively. A positive yoke
current is obtained when transistor Q1 is in saturation. The positive
retrace voltage generates a charge current flowing through inductor
L1, capacitor C1, diode D2 and capacitor C3 to ground, resulting in a
positive voltage across capacitor C3. When the charge current falls
to zero during the first half of the horizontal trace interval, then
the charge, or voltage, across capacitor C1 causes diode D2 to
become back biased and diode D1 to become forward biased.
Capacitor C1 starts to discharge through diode D1 and saturated
transistor Q1 during the second half of the horizontal trace time.

A negative yoke current is obtained when transistor Q2 is in
saturation. The negative retrace voltage generates a charge current
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diode D4 and saturated transistor Q1 during the second half of the
horizontal trace time. .

Thus, the amount and polarity of the deflection current i4 is
determined by the amount of discharge current flowing through
transistors Q1 and Q2. Transistors Q1 and Q2 may operate in a
switched manner, or even in class A, providing a current sink or
current source. Bipolar transistors Q1 and Q2 as shown in FIGURE 1
may be replaced by any other device providing a controllable
discharge path. In the following description, transistors Q1 and Q2
operate in a switched manner to minimize dissipation.

A number of waveforms useful in explaining operation of the
switched vertical deflection system 10 are shown in the various
parts of FIGURE 2. The left hand side of each part in FIGURE 2 shows
horizontal rate waveforms. The right hand side of each part shows
the corresponding vertical rate waveforms. The time lines of the
vertical rate waveforms are marked with respect to the TOP, CENTER
and BOTTOM of the display, or field. The vertical retrace interval is
between the BOTTOM of a field and the TOP of the next successive
field. FIGURE 2(a) shows only horizontal rate retrace pulses. FIGURE
2(b) shows separate vertical rate waveforms for currents i1 and i2,

 shown together at the horizontal rate. The upper parts of each of
the vertical rate waveforms for currents i1 and i2 show the
positively valued portions of currents i1 and i2 respectively,
flowing through diodes D2 and D3 respectively. The lower parts of
each of the vertical rate waveforms for currents i1 and i2 show the
negatively valued portions of currents i1 and i2 respectively,
flowing through transistors Q1 and Q2 respectively. FIGURE 2(c)
shows current i3. FIGURE 2(d) shows voltage V1. FIGURE 2(e) shows
voltage V2. FIGURE 2(f) shows only the vertical rate current i4.
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In operation, deflection current i4 starts with positive peak
amplitude at the start, or TOP, of the vertical trace. At the TOP,
transistor Q1 is switched into saturation at time t5 and
substantially discharges C1. This causes a large amplitude of
charge current i1 flowing through diode D2. Stored horizontal

retrace energy in coil L1 causes positive current i1 to flow until

time t4'. Transistor Q2 is turned on at time t6 producing a small
discharge current i2 and consequently a small charge current i2
which flows through diode D3 until time t3'. The vertical yoke is

driven by current i3 which is the difference of positively valued

portion of current i1 minus the positively valued portion of current
i2. Current i3, the waveform shown in FIGURE 2(c), charges
capacitor C3 producing voltage V1, the waveform shown in FIGURE
2(d). Voltage V1 increases until the amplitude of current i3
becomes smaller than the amplitude of the deflection current i4.

Deflection current i4, the waveform shown in FIGURE 2(f), is
obtained by discharging capacitor C3 through the vertical deflection
yoke Lv and current sampling resistor Rs. The deflection yoke Lv
integrates the horizontal rate voltage across capacitor C3 to a
substantially sawtooth current at the vertical rate. Due to the large
inductance of the deflection winding, the discharge current cannot
follow the roughly triangular horizontal rate voltage across
capacitor C3. Consequently, the current i4 through the deflection
winding results from the average of the voltage across the capacitor
C3. Therefore, the deflection winding acts as a current sink to
discharge capacitor C3. The paralle! resonant frequency of the
capacitor C3 and the deflection winding determines the vertical
retrace interval. The sawtooth shaped voltage V1, as integrated by
the high inductance of the deflection yoke Lv, produces at least some
parabolic North-South raster correction current. A deflection
current sample across sampling resistor Rs is fed back to the
control circuit 14 to linearize the operation of the deflection
circuit. .

During the first half of vertical trace, that is from the TOP to
the CENTER, the turn on time of transistor Q1 is prdgressively
retarded from time t5, toward time t6. During the same interval,
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the turn on time of transistor Q2 is progressively advanced from
time t6, toward time t5. This causes a progressively decreasing
amplitude of current i1 and a progressively increasing amplitude of
current i2. The amplitude of current i3, which is the difference of
the posmvely valued portion of current i1 minus the positively
valued portion of current i2, also progressively decreases. As a
result, the amplitudes of voltage V1 and vertical deflection current
i4 also progressively decrease. The amplitudes of the positively
valued portions of currents i1 and i2 are equal at the CENTER of
vertical trace. Consequently, current i3, voltage V1 and current i4
are zero. Current i1 flows through diode D2 and transistor Q1 and

current i2 flows through diode D3 and transistor Q2.

During the second half of vertical trace, Q1 continues to be
turned on progressively retarded from time t5, toward time t6.
Transistor Q2 continues to be turned on progressively advanced from
time t6, toward time t5. This causes a further progressive decrease
of current i1 and a further progressive increase of current i2. As a
result, current i3, voltage V1 and current i4 progressively increase
in the negative direction.

Vertical retrace starts when the turn on time of transistor Q1
is quickly shifted from back from time t6 to time t5, and transistor
Q2 is held in cut off. This causes a retrace resonance of one half
cycle between vertical deflection yoke Lv and capacitor C3, causing
a rapid and loss free reversal of the deflection current i4. As
vertical deflection current i4 changes its direction rapidly, a large
but narrow retrace voltage pulse is produced, evident in the
righthand portion of waveform 2(d) showing voltage V1. As
explained above, the turn on times of transistors Q1 and Q2 are
modulated during the interval from time t5 to time t6 to obtain a

~ modulated current i3, which starts to flow at the CENTER of

horizontal retrace and ends at time t4'. Transistors Q1 and Q2 are
turned off during the second half of retrace when diodes D1 and D4
are non-conductive.

The circuit requires some overlap of currents i1 and i2 to
avoid deflection current distortions or discontinuities. This is
illustrated by vertical rate waveforms of currents i1 and i2.
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subtracting current i3 from current i1 during the first half of trace,
and by subtracting current i3 from current i2 during the second half
of trace

The time duratlon of the envelope of current i3 is not
modulated because current i3 is formed by the difference of the
positively valued portions of currents i1 and i2. This causes
horizontal sawtooth voltage V1 to be in phase with the horizontal
retrace pulses. The peaks of voltage V1 appear always. at time t4,
where current i3 decreases to zero. This allows a North-South
pincushion correction circuit 22 to be driven by voltage V1, as
shown in FIGURE 1. A pincushion transformer T2 has a primary
winding W3 coupled to capacitor C3 through capacitor C4. A
secondary winding W4 forms a line frequency resonant circuit with a
capacitor C5, producing the vertically modulated sine wave voltage
V2, shown in FIGURE 2(e), at the low side of the deflection yoke Lv.
Voltage V2 generates a cosine wave (90 degrees phase shifted)
raster correction current in vertical deflection yoke Lv as it is
required for raster correction. In other words, the horizontal rate
sawtooth voltage V1 is applied to the primary winding W3 of
transformer T2 through capacitor C4. The secondary winding W4
forms a horizontal rate resonant circuit together with capacitor C5
to produce the modulated sine wave voltage V2. Sine wave voltage
V2 injects a cosine current into the yoke winding, as required for
North-South raster correction. The zero-crossings of the horizontal
rate envelope of voltage V2 are not modulated. Further, the zero-
crossing is always at the center of the horizontal retrace interval.
Voltage V1, being in phase with horizontal rate waveforms, may be
employed by other circuits for correcting moustache and gullwing
distortion and for dynamic convergence.

Vertical deflection deflection yoke Lv is DC coupled to
switching transistors Q1 and Q2 and to the control circuit 14. This
permits the use of this circuit in receivers with AA-BB display or
other features requiring dynamic raster shift. Flyback transformer




vertical -
- between podit
of claim1,} gh
to sai d nodul{at €d
st orage negns
sai d nodul 4
for divertH

dq§ {{i4) is related to an anplitude difference
tions of said currents. 4. The system
that said windings (Wa,Wb) are AC coupl ed
erating neans (L1,L2) and to said energy

The syst&th-of claim1, characterized in that
ating neans conprises respective nmeans (QL, Q)
ued portions of said currents fromflow ng

ted'

CUI’ r ent gene

t hrough said energy storage neans (C3).

winding W2 is AC coupled to the vertical deflection circuit by
capacitors C1 and C2. The AC coupling allows operation of the
deflection circuit without a picture tube protection circuit. The
absence of base drive for either or both of transistors Q1 and Q2
does not produce excessive DC current in vertical deflection yoke Lv,
such as may damage the picture tube.

The value of capacitor C3 is matched to the mductance of
vertical deflection yoke Lv to produce a correct vertical retrace
time. Further, voltage V1 should decrease to about ground potential

-at time t1'. The averaged horizontal retrace voltage, or the trace

voltage across winding sections W2a and W2b, should be twice the
required peak voltage across vertical deflection yoke Lv. Inductors
L1 and L2, and capacitors C1 and C2 are equal in value. The
component values are selected to obtain the necessary amplitude anhd
shape of currents i1 and i2.

FIGURE 3 shows a more complete circuit schematic for the
switched vertical deflection circuit 10, adapted for operation with a
Videocolor 110° SP picture tube type A68 EAUO00XO01. The various
operational waveforms are similar to those shown in FIGURE 2. Peak
to peak values of currents and voltages are noted directly, as are
some additional waveforms.

The control circuit employs a quad voltage comparator U1.
Each output transistor Q1, Q2 is driven by two comparators Uta, Ulb
or Uic, U1d connected in parallel, for obtaining adequate base drive.
Nonlinear horizontal ramp voltage V3 is produced by network 24,
including resistor R14, capacitor C11 and capacitor C12. Negative
retrace pulses from winding W2b are an input to network 24,
Nonlinear horizontal ramp voltage V4 is produced by network 26,
including resistor R16, capacitor C13 and capacitor C14. Positive
retrace pulses from winding W2a are an input to network 26.

Voltage waveforms V3 and V4 are shown in FIGURE 3, upper right. A
voltage divider formed by resistor R12 and adjustable resistor R13
provide centering control.

A vertical sawtooth input current i5 is combmed with vertical
feedback current i6 at the junction of resistors R3 and R4, resuiting
in vertical drive voltage V5. Vertical drive voltage V5 is compared
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- 15- w f claim1, characterized in that sai d nodul ated

*current gdndrati neans (LY, L2) conprises respective neans (QL, Q) for
directing pcslﬂ;a__k_&;a_ egatively valued portions of said currents al ong

di fferent jpdt hs. The system of claim6, characterized in that each
of said diyeeti g*m?a:nsm‘conrri ses a swt2h (QL, Q@) and two diodes (D1, D2;
D3,D4), o of said diodes (D1, D2) conducting positively valued portions of

'said respettive current through said energy storage neans (C3) and the

ot her of said diodes (D3,D4) conducting negatively val ued portions of said
respective_current through said switch (

with each of ramp voltages V3 andled(?z 2or producing transistor
switching pulses modulated in the time interval t5-t6. The non-
linearity of the horizontal ramp voltages V3 and V4 avoids
instabilities dhring vertical retrace, and in particular, during the
sharp negative peak of voltage V5. Without the non-linearity shown,
transistor Q1 can turn on too early and produce some ringing at the
very TOP of the raster.

The overlapping operation of the output stage, explained above -
in connection with FIGURES 1. and 2, is obtained by the overlap of the
horizontal ramp voltages V3 and V4, clear from the illustration in
FIGURE 3. The overlapping is controlled by network 24, wherein
resistor R15 and diode D7 charge capacitor C12 negatively, to reduce
the natural overlap of ramp voltages V3 and V4. More particularly,
network 24 sets the DC level of ramp voltage V3.

The peak collector voltages on transistors Q1 and Q2 are
approximately 70 volts during vertical trace. During vertical
retrace, the collector voltage of transistor Q2 increases to
approximately 150 volts because capacitor C2 is clamped by diode
D3 to the vertical deflection yoke retrace voltage. A Zener diode D5
is connected across transistor Q2 for protection during retrace. The
Zener diode D5 limits the collector voltage on transistor Q2 to
approximately 120 volts. The peak to peak pincushion correction
current in deflection yoke Lv is approximately 100 mA,
corresponding to a pincushion distortion of approximately 14%.

The loading of the flyback transformer T1 is symmetrical, in
contrast to other switched vertical deflection circuits. This avoids
horizontal raster distortion in the East-West direction. No DC power
supply is needed. The AC coupling between the flyback transformer
and the deflection circuit, provided by capacitors C1 and C2,
protects the picture tube against excessive yoke currents in the
absence of base drive for transistors Q1 and/or Q2. The circuit may
be adapted to different yoke impedances by changing component
values. Operation without North-South raster correction can be
implemented by omitting transformer T2 and the associated
components. The DC yoke coupling allows 2fy, 100 Hz field



1, characterized in that said diodes (D1, D2, D3, D4)

a junction (D2,D3), said positively and negatively
respective current being present at said junction.
or 8, characterized in that said respective

are coupl ed to_qnrge_another at a second junction

g junction is coupled to said energy storage means
temof claim1l or 9, characterized by a pincushion
transforner (T2) having a first winding (WB) capacitively coupled to said
energy storage neans (C3) and a second winding (W) formng part of a
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val udd porrTUns Of sai d respective current through said energy storage
means (C3p 4997 canducting negatively val ued portions of said respective
current rroug sald cyrrent discharge path (QL, Q).
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CLATMS:

1. A switched vertical deflection system, comprising:

first (W2a) and second (W2b) windings inductively coupled
with opposite polarity to a source of horizontal rate retrace pulses
from a horizontal deflection circuit (12);

means (L1,L2) energized by said retrace pulses for generating
modulated currents of opposite polarity;

a vertical deflection yoke (LV); and,

energy storage means (C3) responsive to said currents.for
developing a vertical deflection voltage (V1) in phase with said
currents for driving a vertical deflection current (i4) in said _
vertical yoke, characterized by a North-South pincushion correction
current in phase with said horizontal deflection circuit (12) being

generated by integration of said vertical deflection voltage (V1) in
said vertical deflection yoke (LV).-

2. The system of claim 1, characterized in that said vertical

deflection voltage (V1) is related to an amplitude difference
between said currents.

3. The system of claim 1, characterized in that said
vertical deflection current (i4) is related to an amplitude difference
between positively valued portions of said currents.

4. The system of claim 1, characterized in that said windings
(W2a,W2b) are AC coupled to said modulated current generating
means (L1,L2) and to said energy storage means (C3).

5. The system of claim 1, characterized in that said modulated
current generating means comprises respective means (Q1,Q2) for
‘diverting negatively valued portions of said currents from flowing
through said energy storage means (C3).

!c-l.ns*_



12. The , Characterized in that only positively val ued

" portiong e current are conducted through said energy
st orage onj y negatively. val ued portions of said respective
current : “tprpugh said discharge path (Q1, Q). 13. The
system ¢f =G5 3 each of saldlglrectlng means conpri ses: a
current dlscharge path , Q@) ; . first neans (D2, D3) for conducting
positivety— i L' of said respective current through said energy’

storage neans (C3) and for bl ocking negatively valued portions of said
respective current fromflow ng through said energy storage neans; and,

secondt means (63, Em?]f stﬁmcbfgbiaim ﬁegéhatéﬂtﬁniéhuﬁﬂ thaf tsa?asméidéﬁfato :
respec Y ree r.ou Sal an
bl ocki ng §‘6€réﬂtv€%9g tl"?l&d"}ﬁﬂ"ﬁ gﬁé ‘gél)t s‘fﬂrﬁpf' e5$$%°é% rgz,%an,sr om f | owi ng
t hrough s¢¥,@R) rfort direxting gogitively and negatively valued portlons of

said currents along different paths

7. The system of claim 6, characterized in that each of said
directing means comprises a switch (Q1,Q02) and two diodes (D1,D2;
D3,D4), one of said diodes (D1,D2) conducting positively valued -
portions of said respective current through said energy storage
means (C3) and the other of said diodes (D3,D4) conducting
negatively valued portions of said respective current through said
switch (Q1 02)

8. The system of claim 7, characterized in that said diodes
(D1,D2,D3,D4) are coupled in series at a junction (D2,D3), said
positively and negatively valued portions of said respective current
being present at -said junction.

‘9. The system of claim 5 or 8, characterized in that said
_respective directing means (Q1,Q2) are coupled to one another at a
second junction (ground), and said second junction is coupled to said
energy storage means (C3). |

10. The system of claim 1 or 9, characterized by a pincushion
transformer (T2) having a first winding (W3) capacitively coupled to
said energy storage means (C3) and a second winding (W4) forming
part of a horizontal rate resonant circuit coupled in series with said
vertical deflection yoke (LV).

11. The system of claim 6, wherein each of said directing
means comprises:

a current discharge path (Q1,Q2);

means for conducting positively valued portions of said
respective current through said energy storage means (C3) and for
conducting negatively valued portions of said 'respective current
through said current discharge path (Q1,Q2).

|0 LR




14. Tj

11, characterized in that both said diverting neans

© conpr cagnductor switch (@) defining one of said discharge
pat hs ol ed di odes (Dl1-D4) and a second sem conduct or
SwWtc ot her of said discharge paths, all coupled in series
‘bet we ground potentialqg. 15. The system of claim 14,
char agteri zed I n that sfaid first sem conductor switch (@) has an
em t t ET=COrTE ion and said second sem conductor switch (Ql) has a
collector-emtter junction, each poled simlarly to said diodes (Dl-D4).
16. A deflection system conprising: . a plurality of w ndings

(Wea, V2b) of opposite polarity transformer coupled to a source (12) of a

L 5t Peh o T VTR sysjom, of SBHACS Y, ndritghaga o Gt hlycoupl ed to
positively valued portions of said respective current are conducted
through said energy storage means (C3) and only negatively valued
portions of said respective current are conducted through said
discharge path (Q1,Q2).

13. The system of claim 6, wherein each of said directing
means comprises: '

a current discharge path (Q1,Q2);

first means (D2,03) for conducting positively valued portlons ,
of said respective current through said energy storage means (C3)
and for blocking negatively valued portions of said respective
current from flowing through said energy storage means; and,

second means (D3,D2) for conducting negatively valued
portions of said respective current through said current discharge
path (Q1,Q2) and for blocking -positively valued portions of said
respective current from flowing through said current discharge path.

14. The system of claim 11, characterized in that both said
diverting means comprise a first semiconductor switch (Q2)
defining one of said discharge paths, four similarly poled diodes
(D1-D4) and a second semiconductor switch (Q1) defining another of

said discharge paths, all coupled in series between two sources of
ground potential. |

15. The system of claim 14, characterized in that said first
. semiconductor switch (Q2) has an emitter-collector junction and
said second semiconductor switch (Q1) has a collector-emitter
junction, each poled similarly to said diodes (D1-D4).

16. A deflection system, comprising:
a plurality of windings (W2a,W2b) of opposite polarity
transformer coupled to a source (12) of a first deflection current;

respective inductances (L1,L2) coupled ‘to said transformer
coupled windings;

+ ¢ L m s *x



-17- o ! SHEET nergy storage means (Cl, C2) coupl ed to said _
- i nduct g s (LT CZy™ang ¢harged oppositely by respective currents flow ng
t hroughf qai QMARJW further energy storage means (C3) coupled to
sai d rﬂ_sEec?" rve energy sffor age neans ( ]?1 a deflection yoke (LV)
for confdietrog= i defl ection curr'ent drlven by said further energy
st or ags respective switching neans (QL, Q) coupled to said
respectrve

respective energy storage means (C1,C2) coupled to said
inductances (L1,L2) and charged oppositely by respective currents
flowing through said windings;

turther energy storage means (C3) coupled to sald respective
energy storage means (C1,C2);

a deflection yoke (LV) for conducting a second deflection
current driven by said further energy storage means (C3);

respective switching means (Q1,Q2) coupled to said respective
energy storage means (C1,C2) for controlling respective conduction
paths between said respective energy storage means and said
further energy storage means (C3) to transfer respective quantities
of energy; and, |

means (14) for controlling said respective switching means.

17. The system of claim 16, characterized in that said
windings (W2a,W2b) are coupled at a junction, and said junction is
coupled to ground.

18. The system of claim 16, characterized in that said
windings (W2a,W2b) are different parts of a substantially
centertapped winding, said centertap (16) being coupled to ground.

19. The system of claim 16 or 17, characterized in that said
respective inductances and respective energy storage means
comprise an inductor (L1,L2) coupled between each of said windings
(W2a,W2b) and a capacitor (C1,C2).

20. The system of claim 16 or 19, characterized in that each
of said respective switching means comprises:

a switch (Q1,Q2) responsive to said controlling means (14);

a first diode (D1,D4) 'coupled to said switch (Q1,Q2) and
coupled to said respective energy storage means (C1,C2); and,

a second diode (D2,D3) coupled to said respective energy
storage means (L1,L2), coupled to said first diode (D1,D4) and
coupled to said further energy storage means (C3).

1y I



ener gy st;QéJTT' : %EEFD for controlling respective conduction paths

* bet ween sarB =eRerlgy storage neans and said further energy

. storage sfer respective quantities of energy; and,
means (14) f sjai d respective sw tching nmeans. 17. The
syst em of 2 1 rized in thdB-sai d wi ndings (Wa, Wb) are
coupled atla Junctlon and spid junction is coupled to ground. 18.

The systent cterized in that said w ndings (Wa, Wb) are
different parts of a substantlally centertapped wi ndi ng, said centertap

(16) being coupl.ed to The systemof claim16 or 17,
characteri zed EEA -t h&Y @F@q%pﬂﬁtﬁ% PF?EEE'E‘% s and respective energy

storage neans dispr(Weapranddsetond ((W.ab)) windirigsl thensfeemeracbupled aiod
wi ndings Wy BB (18§ & SPRAEt ' @sfidstofrturrent: '
first (Q1) and second (Q2) switching means respectively
_ coupled to said first and second wmdmgs and coupled together at a
first junctlon (D2,D3);
means (22) for developing a control voltage coupled to said
first junction;
a deflection yoke (LV) coupled to said control voltage
developing means(22); and,
means (14) for controlling said first and second switching
means (Q1,Q2) to modulate said control voltage for generating a
second deflection current in said deflection yoke (LV). '

22. The system of claim 21, characterized in that said first
(W2a) and second (W2b) windings are coupled together at a second
junction (ground), and said second junction is coupled to ground.

23. The system of claim 21, characterized by: .

first (L1) and second (L2) inductances respectively coupled to
said transformer coupled windings (W2a,W2b); and, o

first (C1) and second (C2) energy storage means respectively
coupled to said first and second inductances and to said first (Q1)
and second (Q2) switching means, and charged oppositely by
respective currents flowing through said windings.

24. A deflection system, comprising:

first (W2a) and second (W2b) windings transformer coupled to
a source {12) of a first deflection current, said first and second
windings being coupled together at a junction (ground);

first (Q1) and second (Q2) switching means respectively
coupled to said first and second windings;

means (22) for developing a control voltage respectively
coupled to said first and second switching means; characterized in
that said junction being coupled to ground;
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g@g&r 19, characterized in that each of said
nprises: . a swtch (QL, @) responsive to

a first diode (D1,D4) coupled to said
sai d respective energy storage neans (Cl, C2);
4, D3) couplgq@ o said respective energy

d to said first diode (D1,D4) and coupled to
reans (C3). - 18-

a deflection yoke (LV) coupled to said control voltage
developing means (22); and,

means (C4) for controlling said first and second switching
means to modulate said control voltage for generating a second
deflection current in said deflection yoke.

25. The system of claim 24, characterized in that said
windings (W2a,W2b) are different parts of a substantially
centertapped winding. :

26. The system of claim 24, characterized by:

first (L1) and second (L2) inductances respectively coupled to
said transformer coupled windings (W2a,W2b); and,

first (C1) and second (C2) energy storage means respectively
-coupled to said first and second inductances and to said first (Q1)
and second (Q2) switching means, and charged oppositely by
respective currents flowing through said windings. '

27. The system of claim 21, 23, 26 or 28, characterized in
that each of said first (Q1) and second (Q2) switching means
comprises: '

a switch (Q1,Q2) responsive to said controlling means (C4);

a first diode (D1,D4) coupled to said switch (Q1,Q2) and
coupled to said respective energy storage means (C1,C2); and,

a second diode (D2,D3) coupled to said respective energy
storage means (C1,C2), coupled to said first diode (D1,D4) and
coupled to said control voltage developing means (22).

28. The system of claim 27, characterized in that said first
(W2a) and second (W2b) windings are coupled together at a second
junction, and said second junction is coupled to ground.

29. A vertical deflection system, comprising:

first means (T1) for generating first and second currents
modulated at a horizontal rate;
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c Y rviie: 1

Fi Sing: first (W2a) and second (W2b)

H o a source (12) of a first deflection

1 fecond (@) switching neans respectively
pcpnd wi ndi ngs and coupl ed together at a first
junction (D2, D3); S 122) for deyploping a control voltage coupl ed
to said fir | — a defl ection yoke (LV) coupled to said control
vol t age devel opi ng neans(22); and, nmeans (14) for controlling said
first and second switching nmeans (Ql, Q2) to nodul ate said control voltage
for generating a second deflection current in said deflection yoke (LV).
22. The syst emsgcandi meanhs ¢D&,B8)eforz geéneratingt as thidd f cumrent ibdicative

second (Vief) aWidiibritics! e takish SShilC 95 Undséoattd OPddulated horizontal

rate currents; and,

means (LV) for integrating said third current to generate a
vertical deflection current in a vertical deflection yoke,
characterized by

a pincushion transformer (T2) having a first winding (W3)
capacitively coupled to said integrating means and a second winding
(W4) forming part of a horizontal rate resonant circuit coupled in
series with said vertical deflection yoke (LV).

21. A defle
*wi ndings tr
current;
coupled to
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neton (afoUReE: sscet |

junction g oun 'second junction is coupled to ground.

© 23. The systergs TM@ characterized by:- first (L1) and second
(L2) indug¢tances ml yel]y coupled to said transforner coupled w ndings
(W2a, W2b) ; firpt{ (Cl) and second (C2) energy storage neans
respectively coupled to saigd first and sepond i nductances and to said first
(Ql) and setC ng nmeans, and charged oppositely by respective
currents fl ow ng through sai d wi ndi ngs. 24 A deflection system

conpri si ng: : CORR W EON CIRCUTA ner coupl ed
to a source (12) of a f| rst deflect |kﬁsm¢'ént said first and second
wi ndi ngs bei ng coupl ed t oget her at a junction (ground) first (QL)

and Sgcond ( RTwoNiwindings newea, Wat)eot i a eflyb amttrénsfdrméra(‘uqunsa and
ccomer 8285, b et e
char act er pakatitynto a source of horizontal rate retrace pulses (12). The
- windings have a common junction coupled to ground. A circuit
(L1,C‘i’.L2.62) energized by the retrace pulses generates modulated
currents of opposite polarity. Conduction of each current is
controlled by a switch circuit (18,20) including a semiconductor
switch (Q1,Q2) and two diodes (D1-D4). The switch circuits are
coupled to one another at a junction, and the junction is coupled to
an energy storage capacitance (C3). One of the diodes conducts
positively valued portions of the respective current through the
energy storage capacitance and the other of the diodes conducts
negatively valued portions of the respective current through the
semiconductor switch. Each semiconductor switch is a current
discharge path. The energy storage capacitance is responsive to the
currents for developing a vertical deflection voltage in phase with
’ "~ the currents at the horizontal rate for driving a vertical deflection
current in a vertical deflection 'yoke (LV). The vertical deflection
current is related to the difference in amplitude between positively
valued portions of the currents. A North-South pincushion
correction current in phase with the horizontal deflection is
generated by integration of the vertical deflection voltage (V1) in
the vertical deflection yoke. A North-South pincushion transformer
(T2) has a first winding capacitively coupled to the energy storage
capacitance (C3) and a second winding (W4) forming part of a
horizontal rate resonant circuit coupled in series with the vertical
deflection yoke (LV).
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t hat sai

N EYE upl ed to ground; -109-
« a defl ectf'ofr> '

jryokettenifjl ed to said contral voltage devel opi ng neans
(22); ang, QWCZ) for controlling said first and second sw tching
nmeans to dugg,gg -c@ntirol voltage for generating a second defl ection
current iintsaid.-def njyoke.
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25. The sy
“are differ
syst em of

i nduct ance
(Wea, W2b) ;

respectively co
(Ql) and second

) Er-
3

firs

Mlharacterized in that said wi ndi ngs (W2a, \2b)
“g tantially centertapped w nding. 26. The
[ efi zed by: first (L1) and second (L2)

pupl ed to said transforner coupled w.ndings

Cl) and second (C2) energy storage neans

upl ed 10 saic

first and second i nductances and to said first
£Nng meani,/}md ‘charged oppositely by respective

currents flow ng through‘said wi ndi ngs. 27. The systemof claim?21

23, 26 or

28,

Swi tchi ng nmeans conpri ses:
controlling nmeans (C4);
(QL, Q@) and coupled to said respective energy storage neans (CL,*®®); and,
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: a swtch (QL, Q@) responsive togssi d
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Tmeans (LV)' for i nj e econd ‘nodul’at.ed hor.i-zont
-~ .means (LV)* for:infegrating said thitd cutre
rat#a vertical. deflection cukrent gh .c_._"v.'g"r:t”i: CQQLT?W.U..WKE T
r FCLXTIOF THly ABSTRAGH ncushi on transforner (T2) having a first winding |
—eapacTtTrveEry Ttoupred 1 0 ‘.Sar'l_ a-T ntegr ating. neans and a second .wi.ndi ng v —

forming part, mu L ORERTEEAY ER"IT@RE%EFI%(E?MNCH@@UWC" nseries 8

-said vertical _ 0 )

. Two winlings (W22, W2b)of s fybck trasfomae (11 in  horionil deflecion it ae.

" inductively coupled with opposite polarity to-a source of horizontal rate retrace pulses (12). - R
' The windings: (W2a, W2b) have -a “common . junction coupled ‘to - ground.." A -circuit - -

tolller

- (L1,CLL2,C2) energized by the fetrace p

ulses . generates modulated currents.of :opposite -

“ - polarity. Conduction of each current is contro
~coupled to one another-at a junction, ‘and th
"+ capacitance (C3). One of the diode

" “semiconductor switch (Q1,Q2) and two' diodes (D1

s conducts

lled by a-switch circuit (18,20) inchuding 2.~}
_D4). The switch circuits (18,20) are™ |
¢ junction is coupled to ar energy storage -
positively valued portions of the respective © -

"* current. through' the "energy storage capacitance, (3) and

the- other of the diodes conducts T

" negatively valued: portions - of the respective current through the’ semiconductor switch 7]
9 - {(Q1,Q2)- Each semiconducter 's_wi’_tqh,(Q:_'l_,QZ) is a current discharge P?th-.'Th?'-?né.rgy'_'s_tdragc-,- R ¥
.. capacitance (C3) is responsive to the currents for developing a vertical deflection voltage'in = 7. |

- phase with the cutrents at the “horizontal rate for driving a vertical defléction current ina - BT |
. - vertical deflection yoke (LV).- The vertical -deflection current is related to the difference T O
" amplitude between positively valued ‘portions of the currents. A North-South pincushion. -0 |-
“"“cotrection cutrent in phase with the horizZontal deflection is generated by ‘integration of the ' -}
i ‘vertical deflection is generated by integration of the vertical deflection voltage (V1) in the - %

““* yertical deflection yoke (2V). A North-South pincushion transformer (T2) has a first winding
| -+ capacitively coupled to the energy siorage capacitance (C3) and 2 ‘second winding (W4)

" forming part of a horizontal rate resonant circuit coupled in series with the vertical deflection " -
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