TRANSFORVER COUPLED VOLTAGE CLANP PI NCUSHI ONT2#1¢-E
- CORRECTION CIRCUI T - - Th|5|pvent|onrelate§C s @ ytotjﬁ"éfleld
- of deflection circuits for television apparatus, and in particular, to

I oo rodul at or o can_ bERANSHORMER GRS VS AGECIAME" ' "6l teui ts for
Tor 51 do i neushian di 3t att ot T nos (ALl s Bt et o el rent |
Iodul ated by a pEbdN et thates DTS the fiold® ofbBRHBH' LﬁBtm' in
the art. Thirquitssfshi televiziorcapparatus, andrmupaltmulae tpevaltagei n a
tS‘M tched m?;‘lﬁrrladst %?'esm)it%h%?l”?ﬁéﬁﬁ pincustfiBA’ Sbrretitidr® dtdsitdel | known. ' A
ypi cal. pr| or
_ Drode modulators can be utilized in horizontal deflection
circuits for modifying the horizontal deflection current, for
example, to correct for side pincushion distortion. The horizontal
deflection current is modulated by a parabolic signal at a vertical
10 rate, as is well known in the art. The pincushion correction -
circuit can be operated in a switched mode in order to conserve
energy, as is also well known. A typical prior art circuit is
shown in FIGURE 1. A diode modulator 12 comprises a network
\ having three parallel legs or paths. One leg is a retrace capacitor
15 Crt. A second leg is a damper diode D3. A third leg includes a
modulating inductor Lm and a modulating capacitor Cm coupled in
series. One junction of the parallel network is coupled to a
resonant retrace circuit 24. Resonant retrace circuit 24 includes
a horizontal yoke Lh, an S-shaping capacitor Cs, a linearity
20 inductor Llin, another damping diode D2 and a deflection retrace
capacitor Crd.. The other junction of the parallel network of the
diode modulator may be coupled to ground.
A control signal 'is_supplled to the diode modulator at the
junction of the modulating capacitor Cm and the modulating
25 inductor Lm by a pincushion switch. The pincushion switch is
shown as the output switch of a pincushion correction circuit
operating in a switched mode. The output switch is transistor Q1.
The emitter of transistor Q1 is grounded. The base of transistor
Q1 receives a pulse width modulated signal which reflects a
30 vertical rate parabola, the waveform used to correct side
pincushion distortion. Transistor Q1 acts as a switch controlled
by the pulse width modulated signal. Power dissipation in
transistor Q1 is reduced by restnctmg operation to saturated or
.cut off conditions. - -
35 Varqu the modulating current Im causes variation of
voltage Vm across capacitor Cm. The B+ voltage supplied to the
deflection” yoke is constant. The voltage Vm varies with current
Im. Therefore, the voltage across the S- shapmg capacrtor Cs
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shown in FIGURE 1. A diode nodul ator 12 conprises a havi ng
three parallel legs or paths. One leg is a'retrace@grp& ébr"-/ 15 Ct. A
second leg is a danper diode D3. A t%’l rd leg i ncI udes a nodul ating -
Fnductor Lm and a nodul ating capacitor ~Cm coupled [n ries. One

junction of mus¢ harequall tméh&(ﬁllﬁfﬁfﬁn@%qufb tBerﬁé‘oH‘a“@g?e@'ﬂ‘ice circuit

24. Resona%lté@ér‘é‘ﬁwe CCDFr'é'n‘t B vaxGésdes a verticdl hate paliayaim:l Lh, an-
S- shapi ng capacl

di ode D2 an8CePk %tY%’?PQ%W%@H% van%é:f}ﬁ%h Xrggﬁjve?ﬁgé ?%ter juh%t i on
of thg par aaVetagtetvulmé( aff tHeheoltage Vdn, odtatmsdtlgmtlb@ ocayponetduis @l to
roun
22 s i, SV GAGH AN, SO B e
i nduct or erQiy al pg radutyheysiesof the. Voﬁm93|\/rmul§haofrﬁ"'@iﬁoﬂcﬁ itge pu se shovvn as

the out put &Erbneau?atmw Hapatcwer Qfésé)rbfcmé:ttréns,lstor so\nwhatlmnel n a
swi tched no he out put” s emttg of

t
transi stor @?CPS"S"tﬁgﬁdeM’h 8g@§g115rpg?a]§s]£ebqlbrvalue of (tﬁer QEFO-
pul se’ wi dt Heffedtibat Sdaﬁhﬂ‘@'cuHFemh eqhakyc theadifRencer betméenathae pBabol a,

Q1 ot d Ge. HOUREECAELTHR oféila of the ygtadh "HT o Abedidindly cf%fsééﬁ*%hzlt >
Power di ssi pree ivaluenof the modulator voitage Vm increases the value of the
trace voltage and increases the amplitude of the horizontal
scanning current. Conversely, increasing the value of the voltage
Vm decreases the value of the trace voltage and decreases the
15 amplitude of the horizontal scanning current. In order to correct
side pincushion distortion, the amplitude of the horizontal
deflection scanning current must be greatest at the center of
vertical trace and least at the top and bottom of vertical trace.
This is, achieved by modulating the pulse width with a vertical

20 rate parabola signal.

' If inductor L1 is open circuited, the voltage across
capacitor Cm will be approximately equal to the inductance Lm
divided by the sum of the inductances Lm and Ly, where Ly is the

. inductance of the yoke circuit, the quotient muitiplied by the B+

25 voltage. The ratio of inductance determines the modulating
capability, defining an upper voltage level of a modulating range.
This upper voltage determines the minimum horizontal yoke
current needed to keep the pincushion circuit linear.

.Transistor Q1 acts as a pulse width modulated controlled

30 switch. Operating transistor Q1 only in saturation or cut off
reduces dissipation in transistor Q1 to a minimum. When
transistor Q1 is turned on, energy is transferred from the
electric field in capacitor Cm to a magnetic field in inductor L1.
This lowers the voltage Vm across capacitor Cm.

35 Current ramps up in inductor L1 when transistor Q1 is on.
When transistor Q1 turns off, a reverse emf is developed across
inductor L1 to keep the current flowing. With no other path for
this current, the reverse emf raises the voltage at the collector
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transistor QL is reduced by restricti ng operation tgCcytag akgd or cut
off conditions.. 35 Varyi ng 8he nodul ating current | m causes
vari ation of vol tage Vm across capacitor Cn The B+ voltage suppl i ed
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current e across the ng capacitor Cs
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vm al so varkigse BN c¥ndturd Xﬁ”lé\?/@hnba pE¥k voltage on transistor Q1
5 and. helping reduce radio frequency interference. In order for the
| diode D1 to properly clamp and recover this energy, the load on
the supply must be greater than the power delivered by the diode
modulator, or the supply voltage will rise. Transient and fault
conditions can also increase the voltage Vm fo levels greater
10 than the peak modulator voltage developed under normal operating
conditions. This increased modulator capacitor voltage is applied
to the control circuit, particularly the output switching
transistor. The overvoltage stress can damage the transistor and
other components in the control circuit. Diode D1 is coupled to a
15 convenient voltage source +Vload.

The term convenient has important |mpllcatlons in this
context. Firstly, the voltage level of the diode clamp sets the
upper limit of the operating range of the diode modulator. The
upper limit must be high enough to compensate for the particular

20 cathode ray tube driven by the deflection circuit. Accordingly,
the voltage source must be larger in magnitude than the
necessary upper limit. Secondly, the output switch is subject to
damage from inductive overvoltage conditions which can occur
when the transistor turns off. - The voltage source must be

25 sufficiently loaded by other circuitry as to be able to dissipate
the recovered energy from inductor L1. Thirdly, the voltage
source should not be much larger than is necessary. 'Otherwise,
considerable energy can be wasted through dissipation.

.In FIGURE 1, for example, it is assumed that the necessary

30 voltage level for the operating range of the diode modulator is in
the range of 25 volts to 30 volts, and that +Vload is a heavily
loaded +32 volt source. The voltage clamp can operate safely
under these conditions, and without wasting energy. However, a
number of circumstances can render the voltage clamp

35 inefficient, or even inoperable. If the operating range of the
diode modulator requires more than +32 volts, the voltage source
must be changed. Such a source may not be available, or if
‘available, may not be adequately loaded. If the load on the +32
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aver age val ue of the vol tage Vm that is the DC con%o(gg é function
of the average duty cycle of the basg drive to tran 0 60" Ql The duty
cycle of the voltage Vmis a function of the pulse' “wi dt h nodul ati ng '
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circuit for modulating the deflection current A - control cnrcu:t
operable in a switched mode supplies a control signal to the diode
modulator for modifying the deflection current to correct for side
pincushion distortion. A transformer has a first winding coupled
15 to the diode modulator and to the control circuit for recovering
energy from the diode modulator. The transformer has a second
‘winding for receiving the recovered energy from the first
winding. ‘A diode clamp is coupled to the second winding and to a
load driven by a voltage source at a first voltage level, for
20 transferring the recovered energy from the second winding to the
load. The energy is transferred between the first winding and the
second winding at a second voltage level across the first winding
determined by the first voltage level and the turns ratio of the
transformer. The second voltage level ‘defines an effective )
25 " voltage clamping level and is related to the operating range of the
diode modulator. The second voltage level can be adjusted to
levels different from the first voltage level by changing the turns
ratio of the transformer.
_As an example, a secondary winding of the transformer is
30 coupled between ground and the anode of a clamping diode. The
cathode of the clamping diode is coupled to a heavy load driven by
a +16 volt source. A primary winding of the transformer is
coupled between a diode modulator and the output stage of a
pincushion correction circuit. The diode modulator controls the
35 deflection current in a resonant retrace deflection circuit to
correct for pincushion distortion. The primary winding is more
particularly coupled to the output switch of the pincushion
correction circuit, for example the collector electrode of a
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i nduct ance of the yoke circuit, the quotient multiplied by the B+ 25

vol tage. The ratio of inductance deternines the modCA BBLSE7  capability,
defining an upper voltage |evel of asem)dul ating range. - Thi s upper

vol tage determines the mninmum horizontal yoke current needed to keep
the pi ncushipolaci tranststor rerathe drain of a MOSHET oragsiséet, swiich pul se
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' source would not be sunta le. - However, by choosing an
appropriate turns ratio for the transformer, for example 2:1 from
10 the primary winding to the secondary winding,. a +32 volt clamp
level at the output switch can’ be steppea down to approximately
+16 volts. The +16 volt source can thus accommodate the upper
limit of the operating range of the diode modulator. The +16 volt
source is now a convenient ¢lamping source. If any overvoltage
15 condition results in enough current through the primary winding
to cause the voltage level to exceed approximately +32 volts, a
corresponding voltage will be induced in the secondary winding
somewhat in excess of approximately +16 volts, which will cause
the clamping diode to conduct and transfer energy from the
20 transformer to the +16 volt load. Almost any adequately loaded
voltage source, irrespective of its voltage level, can now be a
convenient voltage source for a voltage clamp.
According to a further inventive arrangement, a transformer
coupled voltage clamp is: fully compatible with a horizontal
25 deflection system incorp_oratihg correction of side pincushion
' distortion. A horizontal deflection system according to this
inventive arrangement comprises a horizontal deflection yoke and
a resonant retrace circuit coupled to the yoke and to a switched
energy source for generating a horizontal deflection current in
30 the yoke. A diode modulator is cou'pled to the resonant retrace
circuit. A control circuit supplies a control signal to the diode
modulator for modifying the deflection current to correct for side
pincushion distortion. A diode clamp is coupled to a load driven
by a voltage source at a first voltage level. A transformer has a
35 first winding coupled between a reference potential and the diode
clamp and a second winding coupled between the diode modulator
and the control circuit. A second voltage source at a second
voltage level relative to the reference potential is developed in
\
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3 of transistor QL. The clanp di ode Dl serves_to, C this rising
B&;méeé%

vol tage, as well as to recover thi.s gtored energy, I ncreasi ng
efficiency. Capacitor Cl acts to limt this dv/dt until di ode D1 can
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supplying energy to other loads in a television receiver. An
energy recovery deflection system according to this inventive
10 arrangement comprises a resonant retrace modulator for
' modifying'a deflection current and a first switch for controlling
the modulator. A polarized switch is coupled to a load driven by a
voltage source. A transformer has a first winding coupled to the
modulator and to the first switch for conducting a first current
15 in the first winding when the first switch is conducting. Energy
recovered from the modulator is stored in the first winding when
the first switch is conducting. The transformer has a second _
winding coupled to the polarized switch for conducting a second
current to the load through the polarized switch when the first
20 switch becomes nonconducting, for transferring energy from the
modulator stored in the first winding to the second winding, and
then to the load. The first winding tries to maintain the current
therethrough after the first switch becomes .nonconducting.: The
voltage on the winding rises rapidly. Energy is transferred to the
25 second winding, developing a-voltage on the second winding. As
soon as the polarized switch becomes conductive, as for example
a diode becoming forward biased, the current flows into the load
“and the energy is transferred
-FIGURE 1 is a partial circuit schematic of a switched
30 pincushion correction circuit, incorporating a diode modulator,
according to the prior art. '
FIGURE 2 is a circuit schematic of a switched pincushion
correction circyit, incorporating a diode modulator and having a
transformer coupled voltage clamp according to inventive
35 arrangements taught herein. _
A horizontal deflection system 20 is shown in- schematic
form in FIGURE 2. The horizontal deflection system 20
incorporates a transformer coupled voltage clamp 30 for a
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1 5 convenient voltage source +Vl oad. T Ae’{i‘@ g@nveni ent - has
I mportant inplications in this qcontext. Firstly/™t % | tage | evel of

t he di ode clanp sets the upper limt of the operating range of the
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nunmber of clrcunsfances_can ften r the voltage clanmp
+2§ volts to +30 volts. The +16 volt s%urce drives a load RL, :
which is deemed to be adequately loaded for use in a voltage
clamping arrangement. Clearly, +16 volts is not high enough for
proper operation of the diode modulator to fully correct
15 pincushion distortion, even though it is adequately load by RL.
However, by choosing the proper turns ratio of windings W1 and
W2, almost any voltage level can be developed in winding W1, by
stepping up or stepping down the voltage level of the source
coupled to the voltage clamp 30. In this example, a turns ratio of
20 2:1 from primary winding W1 to secondary winding W2 will
develop an effective voltage clamping level on the drain of MOS-
FET transistor Q3 which is the sum of approximately +32 volts
and voltage Vm. _
Energy is transferred from capacitor Cm to transformer TR1
25 when transistor Q3 conducts. When transistor Q3 subsequently
turns off, a reverse emf is developed. Absent a conductive path
for the current in either of windings W1 and W2, the voltage at
the undotted terminal of winding W1 rises. The turns ratio is
such that the voltage at the anode of diode D2 will cause diode D2
30 to conduct and transfer the energy from transformer TR1 to the
+16 volt load. The turns ratio will allow diode D2 to conduct
before the voltage across transistor Q3 rises sufficiently to
break down transistor Q3. _
Overvoltage conditions may occur frequently, for exampie
35 after many, if not all of the times transistor Q3 turns off. A
voltage signal in excess of the sum of +16 volts and the voltage
drop across diode D2 will cause diode D2 to conduct and divert
. energy from the transformer TR1 to the load RL of the +16 volt
S T
This Sheet Has

Wi



35 inefficient, or even inoperable. If the oper atRNA rggwg57of t he

di ode nodul ator requires nore than 82 volts, the voltage source nmust
be changed. Such a source may not be avallable or |f avallable, may
hot be ade%%trééymkﬂe?é@%f ﬁ H[?ﬁ.éteﬁcbsn Wi’ﬁdf ly not be
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cycle. Even so, somewhat more ripple can be well tolerated as a
trade off for the enhanced flexibility in choosing a voltage source
for the voltage clamp. '

Considering now the entire deflection circuit 20, a winding

- W3 of a flyback transformer TR2 and a diode D3 are coupled in

series between a source of regulated B+ voltage, for example
+128 volts, and the collector of a hdrizontal_output transistor
switch Q2. A horizontal oscillator and driver circuit 22 supplies
a control signal to the base of transistor Q2. The control signal
may be at 2fy, where fy is the standard horizontal scanning
frequency in a conventional interlaced NTSC system, that is,
approximately 15.7 KHz. The 2fy double scanning rate,
approximately 32 KHz, can be used for noninterlaced scanning.

Various inductances in a 2fy deflection system are generally

smaller than those in a 1fy system. Aill aspects of the invention
are appropriate for use at all scanning frequencies, and in
systems other than NTSC.

The winding W3 of the flyback transformer TR2 is also
coupled to a resonant retrace circuit 24. Resonant retrace circuit
24 includes a deflection retrace capacitor Crd, a damper_diode D2,
a horizontal deflection yoke Lh, a linearity inductor Llin and an S-
shaping capacitor Cs. The horizontal rate switching of transistor
Q2 generates a horizontal deflection current Ih in the horizontal
deflection yoke and a retrace pulse voltage Vrt at the junction of
capacitor Crd and diodes D3 and D4. The horizontal deflection
current Ih is approximately 14.3 amps peak to peak.

A diode modulator 12 enables the deflection current Ih to be
modulated by voltage Vm to provide side pincushion correction of
the raster scanned on a cathode ray tube. The diode modulator
includes a modulator retrace capacitor Crt, a modulator damper
diode D3, a modulator inductor Lm and a modulator capacitor Cm.
The modulator voltage Vm developed across capacitor Cm is
modulated by a pincushion control circuit 34 to provide the side
pincushion correction. A modulating current Im flows through
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di ode nodul ator irrespective of the level of the val age ‘u_;ce
coupled to the voltage clanp, even |§ the voltage-I° mar kedl y
different fromthe upper limt value. A deflection syst em according
~to this inventive arrangenment conprises a 1 0 circuit for-generating a

r esonat i ng medulatingoindugtoedimardependent yppauthe reltagriacPsag t he

gﬁl;) :ofafte [Sogcggﬁtbggr Cnf CWH%rP'th@' eegggl cwcu:plé‘gl't'@t&fe apsmt@wuwmmdw?ﬂe
u r
P s 2 centnuRs 1Ty, epblS, s finaing WG, SH¥ clpfelofd iyl "9, e
ELansforrrelaplpmexmaiehsmw arhpsg psalqot@cpéalﬁ Dwdmd)éllwdllecondubhtajterand to
e condro r I
(1 0" Dbatky Sibufon! BEOHaRSSRY, Q. CERGRYy ISOMID SRRy 2o
energy froithereadi Rt of the wilBdval. saumeoédérqumrarﬁf@augr etRio the second

w nding and to gontr I'c%@ndeuvmbledeé dﬁ'é rcA12and bin dutyel t age
| evel’, for 20 trans?errln the recq r] romthe _second wnding to
t he | PAACUSTHONe SWILRH tEansistan ds '}%l@@ﬂﬂ@t‘ﬂr‘r&c ﬁ?%dl ng and the

thcgpd Wi n@llﬁ'@ltlﬁgloﬁ r%??ﬁétﬂldtﬂ'dtﬁﬂﬁt liaval gmwm rhedéj rtet consdrvey
t ransf E&%’ﬁ%‘s a sﬁ\?@fn %%f Q@%ﬁfﬁfé@'{:gewaﬁd % age
cl anpi ng I (draln aeidctrsdeelcaumbd dot mdndpng WVilngits ssaurcer efecirode
coupled to ground and its gate electrode coupled to the output of
comparator A1. Such switched mode control circuits can be
coupled to the diode modulator through an inductor, as shown for
15" example by inductor L1 in FIGURE 1. The inductor can limit .
current and protect the control circuit from high frequency
signals. A choke filter can be substantially a short circuit at
lower frequencies. In the circuit shown in FIGURE 2, and
_ according to an inventive arrangement, the control circuit is
20 coupled to the diode modulator by an inductor which is at the
same time a winding. W1 of a transformer TR1. Comparator A1
has four inputs, three coupled to the noninverting input and one
coupled to the inverting input. |
One input is ge'nerated by a switching circuit 32, including -
25 ftransistor Q4, diode D6, capacitor C6 and resistors R12 and R13.
Circuit 32 is conductive responsive to an input retrace pulse .
signal FB. Resistor R14 renders the circuit 32 a current source.
The current source signal is AC coupled to the noninverting input
of comparator A1 through capacitor C6. A repetitive ramp signal
30 is developed across capacitor C9. A parabola generator, not
shown, provides a vertical rate parabola to the junction of
resistor R2 and capacitor C7. An adjustable resistive network 26
includes resistors R8, R11 and R5. Network 26 provides
amplitude adjustment. An adjustable resistive network 28
35 includes resistors R7 and R10. Network 28 provides a DC level to
control raster width. The horizontal ramp input, the parabola
input and the DC level from the width control are combined at the
noninverting input of comparator A1. The inverting input of
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di ode nodul ator. The second voltage | evel can be adéézt ed to | evel s

different fromthe first voltage |evgl by changing B86:0R7 rati o of
t he transforner. As an exahple, a secondary w nding of the
transformer is 3 0 coupled between ground and the anode of a c| appi ng

di ode. The compargiendit isf at raferenesivajtage geteeminacibyd 4enef | oad
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exanpl e théheorefggeaeeey@&agedatotheamvertmg mput transnstor Q3 will be
| turned on to control the side pincushion modulating voltage Vm.
The dynamic operating range of the diode modulator is
determined by the difference between the voltage at the drain of
10 transistor Q3 and the Zener reference voltage. The width of the
output pulses determines the conduction time of transistor Q3.
Conduction of transistor Q3 modulates the sink current Is. Sink
current Is in turn controls the DC average value component that,
in turn, controls the average value of the voltage Vm across
15 capacitor Cm. Voltage Vm is essentially the same as the average
value. of the voltage at the drain terminal of transistor Q3. The
voltage at the drain terminal of transistor Q3 is a function of the
duty cycle of transistor Q3. The duty cycle of transistor Q3
varies at a vertical parabolic rate. As -a result of the parabolic
20 modulation, the instant within horizontal retrace when transistor
Q3 becomes conductive occurs earlier at the center of vertical
trace than at the top and bottom of vertical trace. The average
value of the level of voltage Vm is at a minimum at the center of
vertical trace and at a maximum at the top and bottom of vertical
25 trace. Consequently, the amplitude of the composite deflection
current Ih + Im is at a maximum at the center of vertical trace
and at a minimum at the top and bottom of vertical trace, thereby
prov:dmg side pincushion correctlon
.The voltage clamp circuit 30 employs clamping diode D4.
30 The anode of diode D4 is coupled to one terminal of winding W2 of
- transformer TR1. The other terminal of winding W2 is coupled to
a fixed source of potential, for example ground, as shown. The
cathode of clamp diode D4 is coupled to the load RL of the +16
volt source through an inductor L2. Inductor L2 functions as a
35 filter choke, to prevent modulation of the voltage source by
horizontal rate or higher signals in the diode modulator, which
might couple- through transformer TR1 froni winding W1 to
winding W2, for example retrace pulses or pulses resulting
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5 bi pol ar transistor or the drain of a MOS-F S or, which
operates in a sw tched node. ‘Accor di ngl 5{(;1"\1?%’(34) ?Tpl ng diode is

i nductively coupled to t he output transistor through the transfornmer,

I nstead of bein 5 di tl ted to .th
mxi mum valtherettorof Thgr ik GRPKE, 1HSyESBRDABe SHETDSUGE A ol 15, A

vol t age loweeufreguesidiésibl Heatlede ctampewdtil prote6t viblet dransisteatrof or e,

S
appropr i at Q3 RET BN oy g BHE, TroyRled SR R Be
pL ; rrglrj %/ m ntilh gousce hie :etﬂmelaﬂy laadednby BL+3i3apactten Lbpis coupledvel at
\16 vol § s dfi PRI RCATIAPILES foF e ”@W*‘ﬁm Mpreover, SHOGH er ati ng
range of t eaibslseaevRIes domTihe winding ¢ Th%(ﬂﬂ%@ﬂ@ H@Ws;]fr&%aveni ent
cl anpi tng ﬁ%rﬂ'ﬁe |bad Y @/ﬁfefqlﬁ@%ltlséurww bperatiews Wit the diedeugh
current t ”1381 thln ortr'u-[:rlfi Wor\g's nor?e of the existing advantages of diode
clamps is compromlsed by use of a transformer coupled diode
10 clamp according to all of the aspects of this invention.
In accordance with another inventive arrangement the
supply voltage for the transistor Q3, which determines the upper
limit of the available pincushion correction current and
modulating voltage, can be easily set to a desired value by using
15 different transformers TR1 having different turns ratios. The
effective voltage clamping level can be stepped up or stepped
down. It must be remembered, of course, that the magnitude of
the induced current will step up or down inversely with the turns
ratio. In the example shown, the turns ratio is 2:1 from winding
20 W1 to winding W2. This provides an effective clamping voltage
for transistor Q3 at the sum of approximately +32 volts and
voitage Vm..
The inventive arrangements taught herein significantly
simplify implementation of switched mode pincushion correction
25 circuits, by making. a larger number of voltage sources feasible
_for voltage clamping. |

-
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to exceed approximately +32 volts, a 5
correspondi ng vol t age Wi I | be induced i m4he secondary w ndi ng RCA 86,057
sone mja E approxi mately +16 voI ts, which will cause t he
cl arrp uct and transfer energy fromthe 20 transfornmer to
the +16 volt" | dad’® Al nost any adequately | oaded vol t age source,
irrespective of its voltage |evel, can now be a conveni ent vol tage’
‘source for a vol tage cl anp. According to a further inventive

ar rangenent , Wehatr enclainmed is: coupl ed voltage clanp is fully conpatible
with a horizontal 25 deflection system incorporating correction of side
pi ncushi on d| stortion. A haori zont al  defl ection system according to
this i nvent1ve %r¢%ﬂ@@tlmt0|&mbr @¥ING: hori zontal deflection yoke and

a resonant retracgednscy %2 Mpfrll'ﬂétm% her ?éﬂéréﬂﬁ gt& t@s%Waltmbed h
O O ol SaNg A et Gy Serge Rn2f os clafii, S8l ' dendefen, M
control ci rcourtreﬂtlp(ﬂh eand, aneans! (34fiet supplyingdaodentrol sigmaldtd ssaid f or
IR et e e ot
source at a firstmaansagd0) doeiclampimgnaiitage coupled tolasiogd: §BL)M iNeTY
coupl ed bet wggn, & d1edde SUifrcBOREY Ikt Holtdger 16bdidand,
: a transformer (TR1) coupled to said voltage clamping means

(30), to said supplying means (34) and to said modulating means

(12), for transferring energy between said modulating means (12)

and said load (RL) through said clamping means (30) at a second

voltage level determined by the turns ratio of said transformer

(TR1).

, 2. The circuit of claim 1, characterized in that said
. transformer (TR1) has a first winding (W1) coupled to said
modulating means (12) and to said supplying means (34).

3. The circuit of claim 1, characterized in that said second
winding (W2) is coupled to said clamping means (30) and to a
source of ground potential.

4. The circuit of claim 1, characterized in that said
transformer (TR1) has a first winding (W1) coupled to said
modulating means (12) and to said supplying means (34) and has a
second winding (W2) coupled to sald clampmg means (30) and to a
source of ground potential.

5. The circuit of claim 1, characterized in that said clamping
means (30) comprises a diode (D4) coupled between said second
winding (W2) and said voltage source.

~6. The circuit of claim 1, wherein said modulating means
(12) is characterized by a diode modulator.
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'cI arrp\a‘nd~a—seegnd4m_n_¢ ng coupl ed bet ween the di ode nmodul ator. and
circuit. A second voltage souide at a second Rcal 86,087
IeveI ﬁm& ,

,tﬂ!ﬂ)mwu”r ef erence potential is devel oped in

di ng. The second vol tage | evel defines the

effectlve cl arrpl n§ vbltage, that is, the upper linit of the operating
range of the diode nodul ator. The second vol t age | evel can be adjusted

to a plurality of levels different fromthe first 5 voltage |level by
changing the turns ratio of the transforner. According to yet

anot her inventive arTREJGHEIR  off BRIiAY 1,Swherein said supplying means (34)
is characterized by an output switch (Q3) responsive to a puise
width modulating signal varying as a vertical rate parabola.

8. A horizontal deflection system, having:
a horizontal deflection yoke (Lh); a resonant retrace circuit
(24) coupled to said yoke (Lh) and to a switched energy source
(22, Q2, TR2) for generating a horizontal deflection current (Ih) in
said y'oke; a diode modulator (12) coupled to said resonant retrace
circuit (24); and, means (34) for supplying' a control signal to said
diode modulator (12) for modifying said deflection current (Ih),
characterized by: |
a transformer (TR1) having a primary winding (W1) coupled to
~ said diode modulating means (12) and to said supplying means (34)
and a secondary winding (W2); and, _
a diode clamp (30) coupled to said secondary winding (W2)
~and to a load (RL) driven by a voltage source at a first voltage
level, for transferring energy between said secondary winding (W2)
and said load, said energy being transferred between said primary
winding (W1) and said secondary winding (W2) at a second voltage
level across said secondary winding (W2) determined by the turns
ratio of said transformer (TR1).

9. The circuit of claim 8, characterized in that said primary
winding (W1) is coupled between said diode modulating means (12)
and-said supplying means (34).

10. The circuit of claim 8, characterized in that said
secondary winding (W2) is coupled between said dlode clamp (30)
and a source of ground potentlal

11. The circuit of claim 8, characterized in that said primary
winding (W1) is coupled between said diode modulating means (12)
and said supplying means (34) and said secondary winding (W2) is

—_—
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recovered froma deflection current nodulator and utilized for

suppl yi r loads in a.tel etifsi on receiver. An RCA Gesr’i%5r7gy
recover”“l'ﬂ 'ml !1! mEem according to this inventive 1 0 "arrangenent

i ses a resomarg retrace nodul ator for nodi fying a deflection
current and a first switch for controlling t he nodul ator. A polarized
swtch is coupled to a |load driven by a vol tage source. A transforner
has a first d n@&l r t switch
for conductlﬁgﬂg'e?prb%t?wgéﬁrse%ta ?h@e clartnﬁ rglt;18 aﬂ%nrgev\gggrakgafl rst
switch is coR@ientidd. Energy recovered fromthe nodul ator i.s stored
in the first vmndlng when the first sw'tch is conducting. The

transforner has a éecoRdd . Wi ndin & 31 @I ed to the polarized switch for
conducting -a secor eflgrtian: CPgURn 3VIRG- + hr ough the pol ari zed switch

when the first 20resomach retraceeseams of1@,c24hdorf modulatieg ear deflectiengy

fromthe u 0 ndi ng,
and theH"{ggﬂtK P oa@l:j fllﬁg %erfé{mv\é !ﬁégﬁ% @429 6r0r(r%’|th§|£°3ﬁﬁg ﬁ%mcurlrggt
t her et hr oughmadwiatinge mears, charaat Qi&ﬁﬂni!:y nonconducting. The

vol tage on the wi g@'léﬁlzéd Ssaﬁltélﬁﬁpdhibalﬁ‘%g)’ dduplednt gr 'l@@Ht(CRLt)hGrﬁén

2o the pol ar PYea Walfadh GUEERaNdonduct | vo. s for exampl o
a transformer (TR1) having a first winding (W1) coupled to
said modulating means (12, 24) and to said first switching means
(34) for conducting a first current (Is) in said first winding (W1)
when said first switching means (34) is conducting and having a
second winding (W2) coupled to said polarized switching means
(30) for conducting a second current to said load (RL) through said
polarized switching means (30) when said first switching means
(34) becomes nonconducting, for transferring energy between said
modulating means (12, 24) and said load (RL).

13. The circuit of claim 12, characterized in that said
polarized switching means (30) conducts when said first winding
(W1) develops a second voltage level in excess of a threshold value,
said threshold value being related to said first voltage level and
the turns ratio of said transformer (TR1).

14. The circuit of claim 12, characterized in that said
second voltage level develops after said first switching means
(34) stops conducting. *

15, The circuit of claim 12, characterized in that said first
winding (W1) is coupled between said modulating means (12, 24)
and said first switching means (34).

16. The circuit of claim 12, characterized in that said
second winding (W2) is coupled between a source of ground
~ potential and said polarized switching means (30).
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a di ode beconming forward biased, the current flows into the | oad and

the energy is transferred. FIGJIRE 1 is a partial ci rﬁruAtse;os?
schemati c “ﬂﬂm 0 pincushion cb?rection circui t, incofporatl ng a
ti ode rmdumlm m"“n: I]or ding to the prior art. FIGURE 2 is a
circuit schentti'c df & sW tched pi ncushion correction circuit,
Lncorporating a di ode nodul ator and having a t ransfornmer coupl ed

vol tage clanp according to inventive 3 5 arrangenents taught herein.

A horizontal defilection system?20 is shown i n schematic ~formin

FI GURE 2." The horizontal deflection system gcorp r?t es a
transformer coupl dd. volheeirewibgf slaimy 14 CharaCter'ze that said

polarized switching means (30) is. coupled between said second
winding (W2) and said voltage source.

18. The circuit of claim 12, wherein said polarized
switching means (30) is characterized by a diode (D4).

19. The circuit of claim 12, characterized in that said first
switching means (34) is responsive to a pulse width modulating
signal varying as a vertical rate parabola.

20. The circuit of claim 12, wherein said modulating means
(12, 24) is characterized by. a diode modulator.

-
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7 pi ncushi on correction circui't 34. The vol tage clanp 30 is not
coupled directly to the pincushion-switch transistor Q3. | nst edtf;A #6.057

vol tage clanp 30 is coupled to one termnal of a secondary wi ndi ng W2
of transforner TR1. The other ternminal of winding 5 W is coupled to a
source of a reference potential, for exanple ground. The primary
winding W of transfornmer TRl is coupl ed bet ween the di ode nodul ator 12
and transistor 3. The .vol tage ?RB ia ¢§ coupled to a +16 volt.
source, which is at a voltage | ev 8o erably below the upper limt

of the operating Aahgeizontal @eftectian wysteouu2d)ocomprisesia bcnzontaisurred

b h f 5 |
EZI?I v:slg Ito:%éﬁﬁ%ﬁ yoke, (c"hhg aHQ ésréﬁngﬁeygééé%aﬁ]’_@ 1@‘%2&6'}‘0r use in a
vol t age the yekeng-hir aaﬁg@@n{iw'f@héﬂr GQGTQM@O\%C@ s(d%) ?th gRNERAENG B h
for sPr O Fiz6RAIIaHEABoRbN! BRrrRAFINDHILAS oKe (LK) yACeiogert 1 5

Fovever . by Exehdtes 118 ipiBg: ba tha, Fesahans irage rbulla@e). e,
al nost any vcxbnﬁob dirouit (B4 dpertblel imea switchedi modél supplies a control

signal (Is) to the diode modulator (12) for modifying the deflection
current (Ih) to.correct for side pincushion distortion. A

10 transformer (TR1) has a first winding (W1) coupled to the diode

~ modulator (12) and to the control circuit (34) for recovering energy
from the diode modulator (12). The transformer (TR1) has a second
winding (W2) for receiving the recovered energy from the first
winding (W1). A diode clamp (30) is coupled to the second winding

15 (W2) and to a load (RL) driven by a voltage source at a first voltage
level, for transferring the recovered energy between the second
winding (W2) and the load (RL). The energy is transferred between
the first winding (W1) and the second winding (W2) at a second
voltage level across the first winding (W1) determined by the first

20 voltage level and the turns ratio of the transformer (TR1). The
second voltage level defines an effective voltage clamping level
and is related to the operating range of the diode modulator (12).
The second voltage level can be adjusted to levels different from
the first voltage level by changing the turns ratio of the

25 transformer (TR1).

Figure 2
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stepping up or stepping down the voltage |evel of the source coupl ed
to the voltage clanp 30. Inthis exanple, a turns ratio of 2 0 2:1 from °
primary winding WL to secondary wi nding W2 will devel op an effective
vol tage clanping level on the drain of MOS- FET transi stor B which is
the sum of approximately +32 volts and vol tage Vm Ener gy
Ls transferred fromcapacitor Cnto transformer TR1 25 when transistor @B
conducts. Wen transistor B3 subsequentﬂy/ turns off, a reverse enf is
devel oped. Absent a conductive path for the current in either of

wi ndi ngs WL and W2, the voltage at the undotted term nal of w nding W
rises. The turns ratio is such that the voltage at the anode of diode
D2 will cause diode D2 3 0 to conduct and transfer®the energy from
transfornmer TRL to the +16 volt load. The turn@ ratio will allow di ode
D2 to conduct before the voltage HWP™e8s tran5|%Tor @ rises
sufficiently to break down transistor @G. Overvol t age
conditions may occur frequently, for exanple 3 5 after dﬁ, if not. all of
the tines transistor B turns off. A __Vyol tage sij excess of the
sum of +16 volts and the voltage r gpyacross d use di ode
D2 to conduct and divert '
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energy fromthe transformer TRL to the load RL of the +16 volt

8 source instead of to transistor B8. Wnding W may -not be as
effective a filter as choke inductor L1 in snoothing the |evel of .
Vol tage Vm depending upon the construction of transformer TRL. In this
gircuit, the choke is turned on and off conpletely each 5. cycle. Even so,
sonewhat nore: tipple can be well tolerated as a trade off for the
enhanced flexibility in choosing a volt -éource for the voltage

cl anp. - Considering now the entire deflection circuit 20, a

wi ndi ng :

VERT. RATE

PARABOLA

il

il
PWM AT
PARA./VERT.
RATE

FIG. 2
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D — - transforrrer TR2 and a di ode D3 aie c REPLAGEMENT SHEETLS | §6
et ween a source*of regul ated B+ vol tage, for ex rﬂl Bescnptlomlm&qdolu;opagcdiu
the col l ector of a horizontal out put transistor Chith(sph Qpagelt:tiiite.p .
horizontal oscilk&tor and driver circuit 22 suppl HSDrawmg(a ¢ pRgaddl: 1 igAp&
© to the base of transistor Q. The control signal ?gge%fﬁ;" :
i Where f[err] is the standard horizontal; scanning 15 frequen y in
conventional interlaced NTSC system that is, -

| The 2f[err] doubl e scanni Mo LY SN
. for noninterlaced scanni nE&AF\@F%F\‘MEBO%@BPLQQC\{@n I 2f[err] -
. defl-éction systemare geneF&R ElNCUSH@hiIQQﬁ‘REGMONIQH?@UITn a 1f[err]

i-;systgm Al'l aspect sTgfs tlheehmﬁnﬂel@t%szgenéfﬂlﬁnﬁr &Y ifalg bPrdefietiah al |
wstahni ng frequ

4% nding e of EEUREyIclelblisian e e Arjin ST 19 vetage, T
% ésonait relractampscian spitchrds oneae [DIGCUS.b@beQO(ELﬁQtIOH circgitsi ncl udes a,

lz*'deflectlon retrace edpgél idufdtdrs TARBLuZedCiPhorfantal B8fIbersH A
' deflection yoke.Lh, a

capaéitor. Gs. FHEUFSr fox rﬁ‘ﬁp'fyé\gquﬁn ﬁ’@ﬁ'lzﬁﬂt%f ?lgﬁgpgt gprrentr} ggnerat es
~ahorizental dexaewmleprtocaorrent foh sidet piechishioroistbrtion. dbel betizontajoke

and a retrace RIgiRetiYA! Eagentrit AloduiftelVBGt hOPaftibolic signal at a vertical

7, d‘

g .. .- 10 rate, as is well known in the art. The pincushion correction

C ks circuit can be operated in a switched mode in order to conserve

! REs »y  energy, as is also well known. A typical prior art circuit is

. -3 . " shown in FIGURE 1. A diode modulator 12 comprises a network

Y having three parallel legs or paths. One leg is a retrace capacitor .

15 Crt. A second leg is a damper diode D3. A third leg includes a

modulatmg inductor Lm and a modulating capacitor Cm coupled in

. ~ series. One junction of the parallel network is coupled to a f
§r : - resonant retrace circuit 24. Resonant retrace circuit 24 mcluées
a horizontal yoke Lh, an.S-shaping capacitor Cs, a._linearity

% 20 inductor Llin, another damping diode D2 and a deflection retrace

: capacitor Crd. The other junction of the parallel network of the

diode modulator may be coupled to ground.

A control signal is supplied to the diode modulator at the
junction of the modulating capacitor Cm and the modulating
inductor Lm by a pincushion switch. The 'pincushion switch is
shown as the output switch of a pincushion correction circuit
operating in a switched mode. The output switch is transistor Q1.
The emitter of transistor Q1 is grounded. The base of transistor
Q1 receives a pulse width modulated signal which reflects a
30 vertical rate parabola, the waveform used to correct side

pincushion distortion. Transistor Q1 acts as a switch controlled.

by the pulse width modulated signal. Power dissipation in
transistor Q1 is reduced by restrlctmg operatlon to saturated or
cut off conditions: : :
35 Varying the modulatmg current Im causes variation of
_ voltage Vm across capacitor Cm. The B+ voltage supplied to the
deflection yoke is constant. The voltage Vm varies with current
T lm Therefore the voltage across the S shaplng capacutor Cs

[0
h

o

ﬁ’: E

" This is the replacement sheet

Date: 3 ﬁ Ja w



_%apacTTor T d and di odes D3 and D4. The horizontal deflection 30 current

h is approxindtely 14.3 anps peak to peak. ' A di ode nodul ator 12
enabl es the deflection current Ih to be nodul ated by voltage Vmto .
provi de side pincushion correction of the raster scanned on a cat hode
ray tube. The di ode nodul at or . .includes a nodul ator retrace capacitor
Crt, a nodul ator danper 3 5 diode D3 A nodul ator i nductor Lm and a
nodul at or capaci tor The nodul at or voltage andeveloped acr oss

Cobe o, Sk e SEAL AL e APV RS RERRS 12
t hr ough voltage Vm. Current Im varies as a vertica) rate parabola and
accordingly, voltage Vm also varies mainly at a vertical rate. The
average value of the voltage Vm, that is the DC component, is a
5 function of the average duty cycle of the base drive to transistor
Q1. The duty cycle of the voltage Vm is a function of the pulse
width modulating signal at the base of the transistor switch. The
trace voltage , which determines the peak value of the horizontal
deflection scanning current, equals the difference between the B+

10 voltdge and the value of the voltage Vm. Accordingly, decreasing
the value of the modulator voltage Vm increases the value of the
trace voitage and increases the amplitude of the horizontal
scanning current. Conversely, increasing the value of the voltage
Vm decreases the value of the trace voltage and decreases the

IS amplitude of the horizontal scanning current. In order to correct
side pincushion distortion, the amplitude of the horizontal
deflection scanning current must be greatest at the center of
vertical trace and least at the top and bottom of vertical trace.
This is achieved by modulating the pulse Wld'[h with a verttcal

20 rate parabola signal.

If inductor L1 is open circuited, the voltage across
capacitor Cm will be approximately equal to the inductance Lm
divided by the sum of the inductances Lm and Ly, where Ly is the
inductance of the yoke circuit, the quotient multiplied by the B+

25 voltage. The ratio of inductance determines the modulating
capability, defining an upper voltage level of a modulating range.
This upper voltage determines the minimum horizontal yoke
current needed to keep the pincushion circuit linear.

.Transistor Q1 acts as a pulse width modulated controlled

30 switch. Operating transistor Q1 only in saturation or cut off
reduces dissipation in transistor Q1 to a’ minimum. When
transistor Q1 is turned on, energy is transferred from the
electric. field in capacitor Cm to a magnetic field in inductor L1.
This lowers the voltage Vm across capacitor Cm.

35 Current ramps up in inductor L1 when transistor Q1 is on.
When transistor Q1 turns off, a reverse emf is developed across
inductor L1 to keep t'_he current flowing. With no other path for
this current, the reverse emf raises the voltage at the collector

This is the replacement sheet-
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odul ati ng i nductor Lm dependent upon t he vol t age across capacitor Cm

en the control circuit cuts off, a sink current Is continues to flow
through the winding WL. Sink current Is is approxi mately 2.1 anps peak
to peaR. Diode D4 will conduct after 5 each conduction of transistor (@B.
Energy is thus transferred to the load RL of the +16 volt source
t hrough transforner TR1. ConBrol circuit 34 includes an
conpar ator Al and an out put pi ncushion switch transistor B, enabling

operation of tdetransistpi @uUshTbe campediodm 1 rszanires ito claswi thisedsimgde, to
conserve 1 0 ghed gr@r@ﬁ' ﬁ%otrg @cd%ﬁhﬂ@“ﬁ%l K E-'?u%\é'rce havi ng

its drain ele roecoug to wndin

el
coupl ed to. grotcieasiagi e&iganey e &R &lpagts 9 ?‘H@tot i$ df’?%'f Ui
conpar at or Al. disdehDdwecar htadn rmdelommnmlgotheslpleakl valtagen de tranSIstOOL(bi ed to

t he diod d
i nguc!tgreLIrml ggﬁ?mmﬁw%e i n giﬁ?ﬁ ﬁ{?@%rérﬁfe A Oﬁi@ retrﬂg%lect
the control ciftage O nRipRerly entl recovg; g %”erﬂycﬁgﬁel &ér can be

substantial |y theslapplycimusti be agreater tHamwhe fpower deliesred byttlme ledEJI t
shown 1n Fl CURE 21,180, or th Supbfy Vbitae Wit W& | YFardibAN 4HEP Fhuit t e
conditions can also increase the voltage Vm to levels greater
[ 0 than the peak modulator voltage developed under normal operating
conditions. This increased modulator capacitor voltage is applied
to the control circuit, particularly the output switching
transistor. The overvoltage stress can damage the transistor and
other components in the control circuit. Diode D1 is coupled to a
15 convenient voltage source +Vload.

The term convenient has |mportant |mpllcat|ons in this
context. Firstly, the voltage level of the diode clamp sets the
upper limit of the operating range of the diode modulator. The
upper limit must be high enough to compensate for the particular

20 cathode ray tube driven by the deflection circuit. Accordingly,
the voltage source must bé larger in magnitude than the
necessary upper |Imlt" ‘Secondly, the output switch is subject to
damage from inductive overvoltage conditions which can occur
when the transistor turns off. The voltage source must be

25 sufficiently loaded by other circuitry as to be able to dissipate
the recovered energy from inductor L1. Thirdly, the voltage
source. should not be muclchlarger than is necessary. Otherwise,
consnderable energy can ‘be wasted through dlssmatlon

.In FIGURE 1, for example, it is assumed that the necessary

30 volltage level for the .operating range of the diode modulator is in
the range of 25.volts to 30 volts, and that +Vload is a heavily
loaded +32 volt source. The voltage clamp can operate safely
under these conditions, and without wasting energy. However, a
number of circumstances .gan render the voltage clamp

35 inefficient, or even moperable If the operating range of the
diode modulator requires’ more than +32 volts, the voltage source
must be changed. Such a source may not be available, or if
available, may not be adequately loaded. If the load on the +32
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20 ‘coupl ed to the di ode nodul ator by an inductor which is at the sane

time a wnding WL of a transfornmer TR1. Conparator Al has four inputs,
three coupled to the noninverting i nput and one coupled to the

i nverting input. One input is generated by a switching circuit
32, including 25 transistor 4, diode D6, capacitor C6 and resistors R12
and R13. Circuit 32 is conductive,responsive to an input retrace

pul se signal FB. Resistor R14 renders the circuit 32 a current source.

The current sour(ie Si gnal. IS A\? geup%l ed.to the noni pverting input of
conparator Al tY¥HbSQN AT & qué?}@firf‘?” ¢ Qe decagse; the
devel oped acr oseveraphage ocoredition gan adrdlen tigeneitager sonote out of shown,

provi des a Vertﬂa@%'lat‘i&ﬁ,ecﬁ@éiﬁ Obﬁrrfa@et Iéqfsé,*,ﬁ%%r 21 gg k. resi stor R2 and

capacitor C7. An T adjustable résistlve netwo I ncl udes resistors

R8, R11 and R5. NetwfrRCOHAFNGE WiE an inveplive; arganggd)aids faqvoltage

adj ust abl e desidampe caat ber&dj2ste’bto iarcboursdates it operdimgmangd of thet wor k
28 provides a D§GaHeY ; éa‘o@g:tt I e A Hehspal R I ZQN ranp
i nput, the par %SIH% %Odlﬂatorl; |r{e n 'E’%eoi)gﬁ%e,(%ﬁléﬂ :‘Hrfotnqet ﬁi%leta é,dtgﬁurtccgntrol-

| - N.
are. conbi ned a?mﬁﬂg?‘ to the \Eﬂﬁgﬁvéﬁmﬂgeyﬁﬁu‘ﬁ the VelRaR'aY)risaAl. The
i nverting i nputmairkedly different from the upper limit value. A deflection

system according to this inventive arrangement comprises a
10 circuit for generating a résonating deflection current and a
circuit for modulating the deflection current. A control circuit
operable in a switched mode supplies a control signal to the diode
modulator for modifying the deflection current to correct for side
pincushion distortion. A transformer has a first winding coupled
15 to the diode modulator and to the control circuit for recovering
energy from the diode modulator. The transformer has a second
winding for receiving the recovered energy from the first
winding. A diode clamp is coupled to the second winding and-to a
load driven by a voltage source at a first voltage level, for
20 transferring the recovered energy from the second winding to the
load. The energy is transferred between the first winding and the
second winding at a second voltage level across the first winding
determined by the first voltage level and the turns ratio of the
transformer. The second voltage level defines an effective
25 voltage clamping level and is related to the operating range of the
diode modulator. The second voltage level can be adjusted to
levels different from the first voltage level by changing the turns
ratio of the transformer. .
.As an example, a secondary winding of the transformer is
30 coupled between ground and the anode of a clamping diode. The
cathode of the clamping diode is coupled to a heavy load driven by
a +16 volt source. A primary winding of the transformer is
coupled between a diode modulator and the output stage of a
pincushion correction circuit. The diode modulator controls the
35 deflection current in a resonant retrace deflection circuit to
correct for pincushion distortion. The primary winding is more
~ particularly ‘coupled to the output switch of the _pincushio'n
correction circuit, for example the collector electrode of.a °
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10 conparator Al is a reference voltage determined by Zener diode

Z1, which is rated at 5.6 volts in the circuit shown. The ref erence
vol tage can be other values as well, for exanple ground. A negative
feedback path.is provided by resistor R9. Wen the 5 voltage |level at
t he noni nverting i nput of conparator Al exceeds t he reference
voltage at the inverting input, transistor @B wll be turned on to
control the side pincushion nodul ati ng3vol tage Vm The

dynam c operating range of the diode nodul ator is determ ned by the

di ff erence bet bissiat heansistorger ahetdminlraf a MOS-PETt transistdrprwiii@hand t he
- Zener referencqouoliddf al B&itdhalmake! e |
Accordingly, the clamping diode is inductively coupled to
the output transistor through the transformer, instead of being
S directly connected to the output transistor. The maximum value
of voltage Vm may be in the range of 25 to 30 volts. A voltage
~ source, suitably loaded, may be only +16 volts. Heretofore, such a
source would not be suitable. However, by choosing an
- appropriate turns ratio for the transformer, for example 2:1 from
10 the primary winding to the secondary winding, a +32 volt clamp
 level at the output switch can be steppea down to approximately
+16 volts. The +16 volt source can thus accommodate the upper
"limit of the operating range of the diode modulator. The +16 volt
source is now a convenient clamping source. If any overvoltage
15 condition results in enough current through the primary winding
to cause the voltage level to exceed approximately +32 volts, a
corrgsponding voltage will be induced in the secondary winding
somewhat in excess of approximately +16 volts, which will cause
_ the clamping diode to conduct and transfer energy from the
20 transformer to the +16 volt load. Almost any adequately loaded
voltage source, irrespective of its voltage level, can now be a
convenient voltage source for a voltage clamp.
According to a further inventive arrangement, a transformer
coupled voltage clamp is fully compatible with a horizontal
25 deflection system incorporating correction of side pincushion
distortion. A horizontal deflection system according to this
inventive arrangement comprises a horizontal deflection yoke and
a resonant retrace circuit coupled to the yoke and to a switched
energy source for generating a horizontal deflection current in
30 the yoke. A diode modulator is coupled to the resonant retrace
circuit. A control circuit supplies a control signal to the diode
modulator for modifying the deflection current to correct for side
pincushion distortion. A diode clamp is coupled to a load driven
by a voltage source at a first voltage level. A transformer has a
35 first winding coupled between a reference potential and the diode
clamp and a second win.ding' coupled between the diode modulator. .
and the control circuit. A second voltage source at a second
' " voltage level relative to the reference potential is developed in-
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put’put pul ses deternines the conduction tinme of transistor .
Conduction of transistor B nodul ates the sink current Is. Sink

current Is in turn controls the DC average val ue conponent that, in
turn, controls the average val ue of the voltage Vm across 1 5 capacitor
Cm Voltage Vmis essentially the sane as the average val ue of the
voltage at the drain termnal of transigtor B. The vol tage at the
drain termnal of transistor @B is a function of the duty cycl e of

transi stor 3. The duty, cycle of _transistor . ari'es at a vertical
par abol i ¢ rate.tﬁﬁss%‘:‘?'&lﬂ'f’dﬁ‘ﬂ't g\epép%%cﬁ)ivco%gezlqyel Iﬂ?é'lﬁ‘leétﬁ%@n, t he
i nstant wi t hi n éféedctamentcidmpatg aodtaglee nthiat assiteeoupper limit ofBhéecones

conducti ve occ [ r [ an at
RO boﬁﬁoerr’?g?bvg&ﬁc 4%1? e CRBLUET mBHUMRGE. gﬁi.e second %%féggecgsf&ét?he
r

trace. The aver .
evel of vol t agefViKg & i fuplUeity el JEkels; different from the fiist a
trace and at a vaidgariew! bpechamyingdtheottions odtioesft thmltransfo@hber.t r ace.
Consequently, the amyddidify % J&°ahBiRASIARNHTL! 8fkhgBment, energfurent Ih
+ Imis at arraxwrumﬁ%s t center 9 vertical trace ..and af a
m ni num at t he ES9VEFRA JE8To@ Seflgshon caurrephdroduladere@nd utilized gy oyi di ng
si de pi ncushi onsupplyiegt enargy to other loads ifha tetdvisigr wcgiqerci rAauit 30

enpl oys -cl anpi ngnévngge&gvery defieBtiod "§y BRI GRbraihgI% Bhid SnfQHEd to one
termnal of windin 0 .
10 arrangement comprises a resonant retrace modulator for :
modifying a deflection current and a first switch for controlling
the modulator. A polarized switch is coupled to a load driven by a
voltage source. A transformer has a first winding coupled to the
modulator and to the first switch for conducting a first current
15 in the first winding when the first switch is conducting. Energy
recovered from the modulator is stored in the first winding when
the first switch is conducting. The transformer has a second
winding coupled to the polarized switch for conducting a second
current to the load through the polarized switch when the first
20 switch becomes nonconducting, for transferring energy from the
modulator stored in the first winding to the second winding, and
then to the load. The first winding tries to maintain the current
therethrough after the first switch becomes nonconducting. The
voltage on the winding rises rapidly. Energy is transferred to the
25 second winding, developing a voltage on the second winding. As -
soon as the polarized switch becomes conductive, as for example
a diode becoming forward biased, the current flows into the load
and the energy is transferred.

-FIGURE 1 is a partial circuit schematic of a switched

30 pincushion correction circuit, incorporating a diode modulator,
according to the prior art.

- FIGURE 2 is a circuit schematic of a switched pincushion
correction circuit, incorporating a diode modulator and having a
transformer coupled voltage clamp according to inventive

35 arrangements taught herein. _ :
A horizontal deflection system 20 is shown in schematic
form in FIGURE 2. The horizontal: deflection system 20
incorporates a transformer coupled voltage clamp 30 for a
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graﬁsforner TR1. The other termnal of winding W is coupled to a
fi xed source of potential, for exanple ground, as shown. The

cat hode of clanp diode D4 is coupled to the load RL of the +16

volt source through an inductor L2. Inductor L2 functions as a 35
filter choke, to prevent nodul ation of the voltage source by

hori zontal rate or higher signals int di ode nodul ator, which

m ght coupl e through transfornmer TRL fromw nding W to wi ndi ng

W, for - le.ret | pul ] ,
therefrom  The HICHIFOR HORESFUOT GlcUnTal 1)1%: voHBRe €lamp,id0 & not

coupled directly to the pincushion switch transistor Q3. Instead,
voltage clamp. 30 is coupled to one terminal of a secondary
winding W2 of transformer TR1. The other terminal of winding
5 W2is coup|ed to a source of a reference potential, for example
ground. The primary winding W1 of transformer TR1 is coupled
between the diode modulator 12 and transistor Q3. The voltage
clamp 30 is coupled to a +16 volt source, which is at a voltage
level considerably below the upper limit of the operating range of
10 the diode modulator, which is still assumed to be in the range of
+25 volts to +30 volts. The +16 volt source drives a load RL,
which is deemed to be adequately loaded for use in a voltage
- clamping arrangement. Clearly, +16 volts is not high enough for
proper operation of the diode modulator to fully correct
15 pincushion distortion, even though it is adequately load by RL.
However, by choosing the proper turns ratio of windings W1 and
W2, almost any voltage level can-be developed in winding W1, by
stepping up or stepping down the voltage level of the source
coupled to the voltage clamp 30. In this example, a turns ratio of
20 2:1 from primary winding W1 to secondary winding W2 will
develop an effective voltage clamping level on the drain of MOS-
FET transistor Q3 which is the sum of approximately +32 volts
and voltage Vm.
Energy is transferred from capacitor Cm to transformer TR1
25 when transistor Q3 conducts. When transistor Q3 subsequently
turns off, a reverse emf is developed. Absent a conductive path
for the current in either of windings W1 and W2, the voltage at
the undotted terminal of winding W1 rises. The turns ratio is
such that the voltage at the anode of diode D2 will cause diode D2
30 to conduct and transfer the energy from transformer TR1 to the
+16 volt load. The turns ratio will allow diode D2 to conduct
before the voltage across transistor Q3 rises sufficiently to
break down transistor Q3.
Overvoltage conditions may occur frequently, for example
35 after many, if not all of the times transistor Q3 turns off. A
voltage signal in excess of the sum of +16 volts and the voltage
drop across diode D2 will cause_dibde D2.to conduct and divert
energy from the transformer TR1 to the load RL of the +16 volt.
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| oer frequencies., The diode clanp will protect the transistor - @3

fromtransi ent overvoltage conditions, provided that the +16 vol t
source is sufficiently | oaded by RL. Capacitor C5 is coupled 5 in
parallel with diode D4 for danping ringing. Mreover, energy can be
recovered fromthe winding WL. The energy is transferred to the | oad
RL of the +16 volt source by operationgof the diode clanp. In other
wor ds, none of the existing advantages of diode clanps is conprom sed

by use of a {193/l RioGoUH BohelfrlcB, WABPSWOIbItdipglds of e

aspects-of this In t.n" apot her 1 nventive
arrangenent , tﬁ&fec“"e a diltasi ?SVQJTQ%én‘ﬁ‘b‘FtOf I"'e{ 'Paﬂ@OWf'HPg € Jeyelne of
det er i nes thevuwa@e Vm, dependingolipbhethaev abhatouetign of usansformer reti on

current and tp@e%@ﬂ' ¥ YHAIRIR 1faiad8rean! dt er @eta ydggéri ed val ue

by using 1 5 transfor haV|n ere s ratios.
The el f e@t’?l\?e et”a@@ épﬁ}ﬂrﬁ'@ V‘Q\V%I”QPA% GAn eWﬁgdto d &ePped
down. It nust Iedecotinter ¢ide efharmeds ¢exibility irhehoaging aleottige sourcehe

i nduced curren down i nver sel y W|th the tur ns ratio.
In the exanpl etk')ser,\wtM ‘féﬁ%%%l%@pr atiois 2:1 0w ndi ng

V2. This provides akORsiGRAING QW ARG ﬁ@“@%l@%@ﬁc“o“ C"'cpbtr 6ra?n§\’§p!ﬂg @B at
the sum of appnw3gidreadlybatR2transfosmendR2 and a diode D3 are coupled in

10 series between a source of regulated B+ voltage, for example
+128 volts, and the collector of a horizontal output transistor
switch Q2. A horizonta! oscillator and driver circuit 22 supplies
a contro! signal to the base of transistor Q2. The control signal
may be at 2fy, where fy is the standard horizontal scanning

15 frequency in a conventional interlaced NTSC system, that is,
approximately 15.7 KHz. The 2fy double scanning rate,
approximately 32 KHz, can be used for noninterlaced scanning.
Various inductances in a 2fy deflection system are generally
smaller than those in a 1fy system. All aspects of the invention

20 are appropriate for use at all scanning frequencies, and in
systems other than NTSC.

The winding W3 of the flyback transformer TR2 is also
coupled to a resonant retrace circuit 24. Resonant retrace circuit
24 includes a deflection retrace capacitor Crd, a damper diode D2,

25 a horizontal deflection yoke Lh, a linearity inductor Llin and an S-
shaping capacitor Cs. The horizontal rate switching of transistor
Q2 generates a horizontal deflection current Ih in the horizontal
deflection yoke and a retrace pulse voltage Vrt at the junction of
capacitor Crd and diodes D3 and D4. The horizontal deflection

30 current Ih is approximately 14.3 amps peak to peak.

A diode modulator 12 enables the deflection current Ih to be
modulated by voltage Vm to provide side pincushion correction of
the raster scanned on a cathode ray tube. The diode modulator
includes a modulator retrace capacitor Crt, a modulator damper

35 diode D3, a modulator inductor Lm and a modulator capacitor Cm.

" The modulator voltage Vm developed across capacitor Cm is
modulated by a plncush:on control circuit 34 to provide-the side
pmcush_lon correction. A modulatmg current Im flows through }
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vol't age Vm

tly sinplify inplementation of sw tched node pincushion correction

5 circuits,

The inventive arrangenents taught herein significan

by maki ng a | arger nunber of voltage sources feasible

for voltage clanping. VWhat is clainmed is: . 1. A
deflection circuit, having:

10

15

25

30

35

9

modulating inductor Lm, dependent upon the voltage across
cabacitor Cm. When the contro! circuit cuts off, a sink current Is
continues to- flow through the winding W1. Sink current Is is
approximately 2.1 amps peak to peak. Diode D4 will conduct after
each conduction of transistor Q3. Energy is thus transferred to
the load RL of the +16 volt source through transformer TR1.
Control circuit 34 includes an comparator A1 and an output
pincushion switch transistor Q3, enabling operation of the
pincushidn correction circuit in a switched mode, to’ conserve
energy. Transistor Q3 is shown as a MOS-FET device, having its
drain electrode coupled to winding W1, its source electrode
coupled to ground and its gate electrode coupled to the output of
comparator A1. Such switched mode control circuits can be

. coupled to the diode modulator through an inductor, as shown for

example by inductor L1 in FIGURE 1. The inductor can limit
current and protect the control circuit from high frequency
signals. A choke filter can be substantially a short circuit at
lower frequencies. In the circuit shown in FIGURE 2, and
according to an inventive arrangement, the control circuit is
coupled to the diode modulator by an inductor which is at the
same time a winding W1 of a transformer TR1. Comparator At
has four inputs, three coupled to the nonmvertlng input and one
coupled to the inverting input.

One input is generated by a switching circuit 32, including

transistor Q4, diode D86, capacitor C6 and resistors R12 and R13. |

Circuit 32 is conductive responsive to an input retrace pulse
signal FB. Resistor R14 renders the circuit 32 a current source.
The current source signal is AC coupled to the noninverting input
of comparator A1 through capacitor C6. A repetitive ramp signal
is developed across capacitor C9. A parabola generator, not
shown, provides a vertical rate parabola to the junction of
resistor R2 and capacitor C7. An adjustable resistive network 26
includes resistors R8, R11 and R5. Network 26 provides

*amplitude adjustment. An adjustable resistive network 28

includes resistors R7 and R10. Network 28 provides a DC level to
control raster width. The horizontal ramp input, the parabola

input and the DC level from the width control are. combined at the |
~ noninverting input of comparator ‘A1. The inverting input of

This is the replacement sheet

3130 99

Date:

2



means (22, @, TR2, 24) for generating a resonating deflection current
“(1'h); means (12) for nodul ating said deflection current (1h); and, neans
(34) for supplying a control signal to said nodul ati ng neans (12),

characterized by: means (30) for clanping voltage coupled to a | oad
(RL) driven by a voltage source at a first -voltage |evel; and, a
transfornmer (TR1) coupled to said vol Hgge cl anpi ng neans (30), to said
supplying neans (34) and to said nodulating neans (12), for transferring
ener gy between sai d nodul ating ans and |d lo d t hrrough said
cl anpi ng meansCeBORIALCT A EoRd ARG eV '@Hﬁ ?é?'ﬁ]\e ‘?{edf ns ratio

of said transfgnmevhicARS) rated at 5.6 .voRbeincthe wincudf thb\@m hechar acteri zed

in that said tF@fB doitbdEldal a5 %tr'f.éfrf a1 dE NFofl War -6R4bRSA %@uﬁ@' d

nodul ati ng nean 0 sa|
$is

circuit of cl ar”m"?zg Y&r‘ﬁ@@’é@?"z@&tl A tqféi’%ggnﬁas@éfﬁf?f) B%ai¥er
coupl ed to $ai dothgepiengl rtatre (3@)nverting cinput cfr cemparatosuAll gxsesds al .

the reference voltage at the inverting input, transistor Q3 will be
turned on to control the side pincushion modulating voltage Vm.
The dynamic operating range of the diode modulator is

determined by the difference between the voltage at the drain of

10 transistor Q3 and the Zener reference voltage. The width of the
output pulses determines the conduction time of transistor Qs.
Conduction of transistor Q3 modulates the sink current Is. Sink
current Is in turn controls the DC average value component that,
in turn, controls the average value of the voltage Vm across

15 capacitor Cm. Voltage Vm is essentially the same as the average
value of the voltage at the drain terminal of transistor Q3. The
voltage at the drain terminal of transistor Q3 is a function of the
duty cycle of transistor Q3. The duty cycle of transistor Q3
varies at a vertical parabolic rate. As a result of the parabolic

20 modulation, the instant within horizontal retrace when transistor
Q3 becomes conductive occurs earlier at the center of vertical
trace than at the top and bottom of vertical trace. The average
value of the level of voltage Vm is at a minimum at the center of
vertical trace and at a maximum at the top and bottom of vertical

25 trace. Consequently, the amplitude of the composite deflection
current Ih + Im is at a maximum at the center of vertical trace
and at a minimum at the to"p and bottom of vertical trace, thereby
providing side pincushion correction.

.The voltage clamp circuit 30 employs clamping diode D4.

30 The anode of diode D4 is coupled to one terminal of winding W2 of
transformer TR1. The other terminal of winding W2 is coupled to
a fixed source of potential, for example ground, as shown. The
cathode of clamp diode D4 is coupled to the load RL of the +16
volt source through an inductor L2. Inductor L2 functions as a

35 filter chioke, to prevent modulation of the voltage source by
horizontal rate or higher signals in the diode modulator, which
might couple through transformer TR1 from wmdmg W1 to

. wundlng W2 for example retrace pulses or pulses resultlng .
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‘4. The circuit of claim1, characterized in that said transfornmer (TR1)
has a first winding (W) coupled to said nodulating nmeans (12) and to said
suppl yi ng neans (34) and has a second wi nding (W) coupled to said

cl anpi ng means (30) and to a source of ground potential . 5. The
circuit of claim1l, characterized in that said clanping neans (30)
conprises a diode (D4) coupled bet weert kai d second wi ndi ng (W) and said
vol t age source. 6. The circuit of claim1l, wherein said nodul ating
means (12) istiedrefacher ited fiteracbokelcismedbstandially a short circuit at

lower frequencies. The diode clamp will protect the transistor
Q3 from transient overvoltage conditions, provided that the +16
volt source is sufficiently loaded by RL. Capacitor C5 is coupled

5 in parallel with diode D4 for damping ringing. Moreover, energy
can be recovered from the winding W1. The energy is transferred
to the load RL of the +16 volt source by operation of the diode
clamp. In other words, none of the existing advantages of diode
clamps is compromised by use of a transformer coupled diode

10 clamp according to all. of the aspects of this invention.

In accordance with. another inventive arrangement, the
supply voltage for the transistor Q3, which determines the upper
limit of the available pincushion correction current and
modulating voltage, can be easily set to a desired value by using

15 different transformers TR1 having different turns ratios. The
_effective voltage clamping level can be stepped up or stepped
down. It must be remembered, of course, that the magnitude of
the induced current will step up or down inversely with the turns
ratio. In the example shown, the turns ratio is 2:1 from winding

20 W1 to winding W2. This provides an effective clamping voltage
for transistor Q3 at the sum of approximately +32 volts and
voltage Vm. '

The inventive arrangements taught herein significantly
simplify implementation of switched mode pincushion correction

25 circuits, by making a larger number of voltage sources feasible
for voltage clamping. '
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The circuit of claiml, wherein said supplying neans (34)

'| s char er| zed by an output sw tch (@) responsive to a pulse width
modul ati wm mﬂ g as a vertical rate parabol a. 8. A
hori zo rM stem havi ng: a horizontal deflection yoke

(Lh); a resonant "retracte circuit (24) coulp‘f ed to said yoke (Lh) and. to a
swi tched energy scurce (22, @, TR2) for generating a horizontal deflection
current (l1h) in said yoke; a diode nodulator (12) coupled to said resonant
retrace circuit (24); and, neans (34) for supplying a control signal to

sai d di ode nodul ator (12) f-or nodifying said deflection current (Ih),

characteri zedybgt is clalm'?ed r,gnsformer (TR1) having a primary w nding (W)
coupled to
1. A deflection .circuit, having:
means (22, Q2, TR2, 24) for generating a resonating
deflection current (Ih); means (12) for modulating said deflection
current (Ih); and, means (34) for supplying a control signal to said
modulating means (12), characterized by:
means (30) for clamping yoltage coupled to a load (RL) driven
by a voltage source at a first voltage level; and,
a transformer (TR1) coupled to said voltage clamping means
(30), to said supplying means (34) and to said modulating means
(12), for transferring energy between said modulating means (12)
and said load (RL) through said clamping means (30) at a second

voltage level determined by the turns ratio of said transformer
(TR1).

2. The circuit of claim 1, characterized in that said
transformer (TR1) has a first winding-(W1) coupled to said
modulating means (12) and to said supplying means (34).

3. The circuit of claim 1, characterized in that said second
winding (W2) is coupled to said clamping means (30) and to a
source of ground potential.

4. The circuit of claim 1, characterized in that said
transformer (TR1) has a first winding (W1) coupled to said
modulating means (12) and to said supplying means (34) and has a
second winding (W2) coupled to said clamping means (30) and to a
source of ground potential.

5. The circuit of claim 1, characterized in that said clamping
means (30) comprises a diode (D4) coupled between said second
winding (W2) and said voltage source.

6. The circuit of claim 1, wherein said modulating means
(12) is characterized by a diode modulator.



sai‘d M&g_ygns (12) and to said supplying neans (34) and a
“secondary w ndi ng a diode clanp (30) coupled to said
secondiﬂm i and to a load (RL) driven by a voltage source at a
first mm ' (!l,or transferring energy between said secondary

wi ndi ng *( Vi) Larml sal & |1 oad, said energy heing transferred between said

primary w nding (W) and said secondary wi nding (W) at a second voltage
| evel across said secondary winding (W2) deternmined by the turns ratio of

said transfornmer (TR1). 9. The circuit of claim@8, characterized in
that said primary wnding (W) is coupled between said di ode nodul ati ng
means (12) and-said supplying nmeans (34). 10. The circuit of claim

8, characterized in that said secondary wi nding (W2) is coupled between

sai d di ode clanp £30 f4 IR AT t The
circuit of clai mg ?ﬁgf%&c@#tﬁ?(\:dﬂﬁlrﬂ ?1 ﬁ%@%%@bp\mm% meapé\1$34
coupl ed bet viseBharactedizede biroan autniy ﬁ‘él responsnve to a pulse

width modulating signal varying as a vertlcal rate parabola.

8. A horizontal deflection system, having:

a horizontal deflection yoke (Lh); a resonant retrace circuit
(24) coupled to said yoke (Lh) and to a switched energy source
(22, Q2, TR2) for generating a horizontal deflection current (Ih) in
said yoke; a diode modulator (12) coupled to said resonant retrace
circuit (24); and, means (34) for supplying a control signal to said
diode modulator (12) for modifying said deflection current (Ih),
characterized by:

a transformer (TR1) having a primary winding (W1) coupled to

_ said diode modulating means (12) and to said supplying means (34)
and a secondary winding (W2); and,.

a diode clamp (30) coupled to said secondary winding (W2)
and to .a load (RL) driven by a voltage source at a first voltage
level, for transferring energy between said secondary winding (W2)
and said load, said energy being transferred between said primary
winding (W1) and said secondary winding (W2) at a second voltage
level across said secondary winding (W2) determined by the turns
ratio of said transformer (TR1).

9. The circuit of claim 8, characterized in that said primary
winding (W1) is coupled between said diode modulating means (12)
and-said supplying means (34).

10. The circuit of claim 8, characterized in that said
secondary winding (W2) is coupled between said diode clamp (30)
and a source of ground potential.

11. The circuit of claim 8, charactenzed in that said primary
_ wmdmg (W1) is coupled between - said diode modulating means (12)
. and said supplying means- (34) and said secondary winding (W2) is .
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and said supplying neans (34) and said secondary w nding . (W) is
‘coupl ed between said diode cranp (30) and a source of ground potential.

12. A defl ¢ ving: . resonant retrace nmeans (12, 24) for
nodul ating mmmm’cﬂﬂmmcmment (Ih), and first switching neans (34) for
control ling %aid rrodwl asi ng neans, charactletized by:

coupled between said diode clamp (30) and a source of ground
potential. :

12. A deflection circuit, having:
resonant retrace means (12, 24) for modulating a deflection
- ~ current (Ih), and first switching means (34) for controlling said
modulating means, characterized by:

polarized switching means (30) coupled to a load (RL) driven
by a voltage source; and,

a transformer (TR1) having a first winding (W1) coupled to
said modulating means (12, 24) and to said first switching means
(34) for conducting a first current (Is) in said first winding (W1)
when said first switching means (34) is conducting and having a
second winding (W2) coupled to said polarized switching means
(30) for conducting a second current to said load (RL) through said
polarized switching means (30) when said first switching means
(34) becomes nonconducting, for transferring energy between said
modulating means (12, 24) and said load (RL).

13. The circuit of claim 12, characterized in that said
polarized switching means (30) conducts when said first winding
(W1) develops a second voltage level in excess of a threshold value,
said threshold value being related to said first voltage level and
the turns ratio of said transformer (TR1).

14. The circuit of claim 12, characterized .in that said
second voltage level develops after said first switching means
(34) stops conducting.

15. The circuit of claim 12, characterized in that said first
winding (W1) is coupled between said modulating means (12, 24)
and said first switching means (34).

16. The circuit of .claim 12, characterized in that said
_second winding. (W2) is coupled between a source of ground.
"potentual and said polarized swntchmg means (30)
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pol*a g rreans (30) coupled to a load (RL) driven by a voltage

‘sourc J@ﬁ"l" nsforrrer (TR1) having a first winding (W) coupled

to sai s (12, 24) and to said first sw tching neans (34)
con srs current (I's) in said first wnding (W) when said

flrst smntchlng means (34) is conducting and having a second w nding (W)

coupled to said polarized switching neans (30) for conducting a second

current to said load (RL) through said polarized swi tching nmeans (30) when

said first switching neans (34) becones nonconducting, for transferring

energy between said nodul ating neans (12,124) and said load (RL).

13. The circuit of claim 12, characterized in that said polarized swtching

nmeans (30) conducts when said first wi ndi ng (W) devel ops a second vol t age

| evel in excess of a threshold value, said threshold value being related to

said first voltage level and the turns ratio of said transformer (TR1).

14. The circuit of claim 12, characterized in that said second voltage

| evel devel ops after said first swtching neans

17. The circuit of claim 12, characterized in that said
polarized switching means (30) is coupled between said second
winding (W2) and said voltage source.

18. The circuit of claim 12, wherein said polarized
switching means (30) is characterized by a diode (D4).

19. The circuit of claim 12, characterized in. that said first
switching means (34) is responsive to a pulse width modulating
signal varying as a vertical rate parabola.

20. The .circuit of claim 12, wherein said modulating means
(12, 24) is characterized by a diode modulator.
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( 34) stops conducti ng. 15. The circuit of claim 12, characteri zed in
that said first wnding (W) is coupled between said nodul ati ng neans (12,

24) and said first switching neans (34). 16. The circuit of claim
12, characterized in that said second winding. (W2) is coupled between a
source of ground . potential and sai dlﬁol arized swi tching neans (30).

TRANSFORMER COUPLED VOLTAGE CLAMP FOR PINCUSHION
CORRECTION CIRCUIT
Abstract ,
A horizontal deflection system (20) comprises a horizontal
deflection yoke (Lh) and a resonant retrace circuit (24) coupled to
the yoke (Lh) and to a switched energy source (Q2) for generating a

5 horizontal deflection current (Ih) in the yoke (Lh). A diode
modulator (12) is coupled to the resonant retrace circuit (24). A
control circuit (34) operable in a switched mode supplies a control
signal (Is) to the diode modulator (12) for modifying the deflection
current (Ih) to correct for side pincushion distortion. A .

10 transformer (TR1) has a first winding (W1) coupled to the diode
modulator. (12) and to the control circuit (34) for recovering energy
from the diode modulator (12). The transformer (TR1) has a second
winding (W2) for receiving the recovered energy from the first
winding (W1). A diode clamp (30) is coupled to the second winding

ts (W2) and to a load (RL) driven by a voltage source at a first voltage
level, for transferring the recovered energy between the second
winding (W2) and the load (RL). The energy is transferred between
the first winding (W1) and the second winding (W2) at a second
voltage level across the first winding (W1) determined by the first

20 voltage. level and the turns ratio of the transformer (TR1). The
second voltage level defines an effective voltage clamping level
and is related to the operating range of the diode modulator (12).
The second voltage level can be adjusted to levels different from
the first voltage level by changing the turns ratio of the

25 transformer (TR1).

Figure 2
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15* - 17. The circuit of claim 12, characterized in that said

*pol ari zed swi tching means (30) is €oupled between said second wi nding (W)
and said vol tage source. 18. The circuit of claim 12, wherein said
pol ari zed switching neans (30) is characterized by a diode (D4). . 19.
The circuit of claim 12, characterized in that said first sw tching neans
(34) is responsive to a pulse wdth nodul ati ng signal varying as a vertical
rat e parabol a. 20. The circuit of ¢laim 12, wherein said nodul ating
means (12, 24) is characterized by a di &)dzZDdul at or.

D1
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