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P;ggﬁg?gran including a 8ef ectlon winding ang a glnearlty inductance,
and a transitor switch. The output stage generates, in a
secondary winding of a flyback transformer, a retrace pulse
that is rectified for generating a power-up or run supply

-10 voltage for energizing the receiver circuitry. The output
stage ;s energized by a B+ supply voltage that is coupled
to a terminal of a primary winding of the flyback
transformer. The B+ supply voltage is produced and
regulated in a switching regqulator. The switching regulator

15 includes a switch such as, for example, an SCR switch
having an input terminal that is coupled to an unregulated
supply voltage.

During normal power-up operation, the SCR switch
is conductive from an instant that is controllable,

20 occurring within each trace interval of a horizontal
deflection cycle, and remains latched in a conductive state
during the remaining part of trace. During retrace, the
SCR switch is turned off in preparation for the following
regulation cycle.

25 | - Regulated B+ supply voltage is developed in a
filter capacitor that is coupled via a filter inductance to
an output terminal of the SCR switch. The filter capacitor
supplies a load current that flows in the deflection
circuit output stage during power-up operation. A control

30 circuit of the regulator that includes an oscillator
provides, in a given cycle of a first control signal, a
trigger pulse that varies the instant when the SCR switch
becomes conductive. The trigger pulse occurs at an instant
that is controlled in accordance with the B+ supply voltage

35 in a negative feedback manner such that the B+ supply
voltage is maintained at a predetermined value.

A turn-off winding of the flyback transformer,i
coupled between the unregulated supply- voltage and the '

0
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15 ‘includes a switch such as, for exanple, an SCR switch havi ng

an input termnal that is coupled to an unregul ated supply

vol t age. During nor red-power - up oper at i orRCA a5 SCR
switch i s conductive froman instant that is controllable, 20
occurring within each trace interval of a horizontal defl ection
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controll ed isumsppresiesgen 1M 4 hteddt SvPpfded®ddirdfanner. 35 in a negati ve
feedbagfonanner such tPaI t£§%§¥'éﬁ£§i¥ embodying a feature of the
invention, the control circuit is energized during both the
power-up and power-off operations so as to obviate the need
for switching off the unregulated supply voltage via an
on/off power switch. On the other hand, a horizontal rate
15 drive signal, provided to the deflection circuit output
stage from a horizontal drive stage, ceases to occur during
the power-off operation. Consequently, the generation of
the deflection current and of the retrace pulses is
prevented. The result is that the load current supplied
20 from the filter capacitor is substantially reduced during
the power-off operation.
v As explained before, the trigger pulses occur at
a free running frequency, during the power-off operation.
Any trigger pulse that occurs when the anode-to-cathode
25 voltage of the SCR is insufficiently large to enable
latching operation in the SCR switch, will, nevertheless,
cause the SCR switch to be turned on in an unlatched mode
of operation for an interval that is proportional to the
pulse width of the trigger pulse. Assuming a constant width
30 of the trigger pulse, it follows that, in the unlatched
mode of operation of the SCR switch, the average current
through the SCR switch is directly related to the free
running frequency of the trigger pulses.
Assume that, during the power-off operation, the
35 frequency or the duty cycle of the trigger pulses is at
such a low value that the average current in the SCR switch
is smaller than the load current. Further assume that the
load current is supplied entirely through the SCR switch.
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enabllng latching operatlon. Thereafter, the SCR switch
will be triggered by the next trigger pulse of the free
running oscillator and the latching operation will occur in
the SCR switch. ,

Because the load current.is small, the discharge
time for obtaining such sufficiently large anocde-to-cathode
voltage difference that enables the latching operation
might be equal to, for example, 160 miliseconds. Because
retrace pulses are not present, during power-off operation,
such latching operation will continue until the filter
capacitor is again charged to a voltage that is equal to or
greater than the unregulated supply voltage, causing the
SCR switch to turn off. After the end of each latching
operation, and until such interval of 160 miliseconds will
have elapsed, the anode-to-cathode voltage of the SCR
switch is again too small to enable the next latching
operation.

During the latching operation, a high amplitude,
wide pulse of current flows in the SCR switch and, for
example, in the filter inductance, such pulse is repetitive
at a corresponding frequency of, for example, 6Hz. Such
wide current pulses might produce an objectionable sound
during power-off operation. The objectionable sound might
be produced due to possible .parasitic mechanical vibrations

‘as a result of the wide pulse current in, for example, the

30

35

inductance of the filter. Therefore, it may be desirable
to prevent the filter capacitor from being discharged to a
level that enables the undesirable latching operation in
the SCR switch to occur, during the power-off operation.

In accordance with an aspect of the invention, a
second control signal having two states that are indicative
of the power-off and power-up operations, respectively, in
the television receiver, is applied to the control circuit
for controlling the free running frequency of the
oscillator of the control circuit during the power-off
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produced by the oscillator varies in accordance with the B+ supply

vol tage in a negative feedback manner. 10 In a power supply,
enbodying a feature of the i nventie@s the control circukd¢aiss energi zed
during both the power -up and power-off operations so as to obviate the
need * for swi tching off the unregulated supply voltage via an
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10 each er od of the trlgger pulses, the filter capacitor
voltage will be substantially at the same level at the end
of each trigger pulse. Such level is sufficiently high to
maintain the anode-to-cathode voltage of the SCR switch

' sufficiently low for preventing the latching operation of

15 the SCR switch throughout the power-off operation. The
result is that, advantageously, the aforementioned
objectionable sound is eliminated.

During power-up operation, the second control
signal has no effect on the duty cycle of the SCR switch.

20 On the other hand, during the power-off operation, the
. second control signal causes an increase in the duty cycle
of the first control signal and, in turn, that of the SCR
switch. Without the operation of the second control signal
the duty cycle of the SCR switch might be lower than
25 required to prevent the latching operation.

Some television receivers have signal terminals
for receiving, for example, external videc input signals
such as R, G and B input signals, that are to be developed
‘relative to the common conductor of the receiver. Such

30 signal terminals and the receiver common conductor may be
coupled to corresponding signal terminals and common _
conductors of external devices, such as, for example, a VCR
or a teletext decoder.

To simplify the coupling of signals between the

35 external devices and the television receiver, the common
conductors of the receiver and of the external devicés are
connected together so that all are at the same potential.
The s1gna1 lines of each external device are coupled to the

-
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pulsb width of the trigger pulse. Assum ng a constant width 30 of the

trigger pulse, it follows that, in the unl atched node of operation of
the SCR switch, the average current  ~S=through the SCR swRFBh8Pslfftrectly
retated to the free running frequency of the trigger pulses.
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conductively isolated, relative to the corresponding AC
5 mains supply source that energizes the device. When the
common conductor is held floating, a user touching a
terminal that is at the potential of the common conductor
will not suffer an electrical shock.

Therefore, it may be desirable to isolate the

10 common conductor, or ground, of, for example, the
television receiver, from the potentials of the terminals
of the AC mains supply source that provide power to the
television receiver. Such isolation is typically achieved
by a transformer. The isolated common conductor is

15 sometimes referred to as ¥cold" ground conductor.

In the switching regulator of the power supply of
the invention, the AC mains supply voltage is coupled
directly to a bridge rectifier for producing an unregulated
direct current (DC) input sﬁpply voltage that is, for

20 example, referenced to a common conductor, referred to as
"hot" ground, and that is conductively isolated from the
cold ground conductor. As a result, the control circuit,
the B+ supply voltage, the primary winding of the flyback
transformer, the linearity inductance and the deflection

25 winding are also referenced to. the hot ground conductor.
on the ‘other hand, a portion of the driver stage that
controls the switching operation of the deflection circuit
transistor switch is, for example, referenced to the cold
ground conductor. Likewise, an on/off control signal that

30 may be generated by a remote contrcl receiver for
controlling the on/off operation of the receiver may also
be referenced to the cold ground conductor.

A driver transformer of the driver stage couples
a switching, second control signal at the horizontal

35 frequency from thé portion of the driver stage, that is
referenced to the cold ground conductor,'to the deflection
circuit transistor switch; that is referenced to the hot
ground. The driver transformer provides the required
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signal that causes the free-running frequency of the
oscillator of the control circuit to be above the audio
range during the power-off operation, is produced from a
voltage developed in the linearity inductor of the
deflection circuit output stage. The first control signal'
is produced by an arrangement forming a signal path between
the linearity inductor and the control circuit, which

. signal path is referenced to hot ground. Because the signal

20

25

30

35

e _—

path is referenced to hot ground, the need for an
additional hot-cold isclation arrangement for applying the
power-up and power-off control information of the on/off
control signal to the control circuit is, advantageously,
obviated.

A television apparatus embodying an aspect of the
invention includes a source of an input signal at a
frequency that is related to a deflection frequency. A
deflection circuit output stage, including a deflection
current linearity element that is responsive to the input
signal, generates a first signal in the linearity element
during a power-on operation but not during a power-off
operation of the television deflection apparatus. A
power-on/power-off control signal is produced from the
first signal that exhibits a power-on state during the
power-on operation and a power-off state during the
power-off operation. A utilization circuit of the
television apparatus is responsive to the
power-on/power-off control signal that causes the
utilization circuit to operate in a mode of operation that

mcorresponds to the level of the control signal.
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wi de pul se of current flows in the SCR switch and, for exanple, in the

filter inductance, such pulse is repetitive at a correspondi ng
frequency of, for exanple, 6Hz. Such 25-7=wi de current pulsegvh1@%t9%4oduce
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FIGURES 4a-4d illustrate free running operation
10 of the oscillator of the control circuit of FIGURE 2.
' FIGURE 1 illustrates a portion of a television
receiver incorporating a bridge rectifier 101 that

rectifies a mains supply voltage V to produce a DC,

AC

unregulated voltage V. An output stage, or switch

15 regulator 102, that igﬁludes a silicon controlled rectifier
(SCR) switch, referred to herein as SCR 200, produces a
regulated voltage B+ that is coupled to a winding Wl of a
flyback transformer Tl. An input terminal 102a of
regulator 102 is coupled to unregulated voltage VUK‘

20 Regulated voltage B+ is developed at an output terminal
1024 of switch regulator 102. Winding W1 of transformer T1
is coupled to the col;ector electrode of a deflection
switching transistor Q1 of a horizontal circuit output
stage 99 operating at a horizontal rate fH’ A control

25 signal Hr' at the horizontal rate fH' is developed at the
base of transistor Ql, during a power-up operation. Signal
Hr is applied from a control circuit, referred to herein as
a horizontal oscillator and driver 100, that is coupled to
the base electrode of transistor Q1. Signal'Hr controls

30 the switching of transistor Q1 for generating a deflection
current iy in a series arrangement of a deflection winding
Ly, a trace capacitor Sy and a linearity inductor LN of
horizontal output stage 99. A retrace voltage V W2 is
produced in a conventional manner across a secondary

35 winding W2 of transformer Tl in each retrace interval of

each horizontal period H. Each retrace interval occurs

immediately after transistor Q1 becomes nonconductive. A

DC run-mode supply voltage V+, that is, illustratively,
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-4- operation. The second control signal causes the free runni ng
frequency to increase in order to increase the conduction of the SCR
switch when it operates in the t ur negl= on unl at ched node.rdhessofgifict i on
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nalntmr%the anode-t o-cat hode voltage of the SCR swi't
ower-up operation.

Voltage B+ is coupled via a voltage divider,
including resistors Rsl' RSz and Rs3, to a control circuit
110, that is alsoc referred to herein as regulator
oscillator 110, that is energized during both power-up and

10 power-off operations to provide a feedback voltage V at a

terminal 1l1l0a. During power-up operation, control cigcuit
110 generates a signal Sc at the horizontal rate fH and at
a controllable phase that controls the instant, in each
horizontal interval H, in which SCR 200 becomes conductive.

is5 The phase of signal Se varies in accordance with a
difference between voltage VIN' that is proportional to
voltage B+, and a reference voltage, not shown in FIGURE 1,
that is produced in control circuit 110. The regulation
provided by signal Sc causes regulated voltage B+ to be at

20 a predetermined DC voltage level such as, illustratively,
+129 volts, during power-up operation.

The anode of SCR 200 is coupled to unregulated
voltage VUR via a winding W4 of transformer Tl . The
cathode of SCR 200 is coupled to an end terminal 102c of a

25 filter inductor L2.. Output terminal 1024, the other end
terminal of inductor L2, where regqulated voltage B+ is
developed, is coupled to winding Wl of flyback transformer
T1. A filter capacitor C2 is coupled to output terminal
102d. signal Sc is coupled via a driver transformer T2 to

30 the gate electrode of SCR 200.

When a leading edge LE of signal S of FIGURE 1,
having a controllable phase as shown in the waveform of
FIGURE 1, occurs, SCR 200 is triggered and becomes
immediately conductive. During normal power-up operation,

35 leading edge LE occurs at a time tla during a trace
interval of each period H of a voltage Va that is
developed across winding wW4. During the interval in which

SCR 200 is conductive, a current i in inductor L2, that

L2
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sufficiently low for preventing the |atching operation of 15 the SCR

switch throughout the power-off operation. The result is that,
advant ageousl y, the aforenentioned -%bj ecti onabl e sound RGA €5 liSfat ed.
During power-up operation, the second control signal has no effect on

the duty cycle of the SCR switch. 20 On the_other hand, during the
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10 corresponding currents flowing in inductor L2. As a result
of the negative rate of change of current iL2 in inductor
L2, a voltage developed at end terminal 102c is decreased:
until a time t3a of retrace pulse®portion RT when a catch
diode D2, that is coupled to end terminal 102c, becomes

15 conductive. The operation of a diode, such as catch diode
D2, is described in detail in U.S. Patent No. 4,163,926,
entitled SWITCH REGULATOR FOR A TELEVISION APPARATUS, in
the name of D.H. Willis.

FIGURE 2 illustrates a detailed schematic diagram

20 of regulator oscillator or SCR control circuit 110 of
FIGURE 1. Similar numerals and symbols in FIGURES 1 and 2
indicate similar items or functions. During normal power-up
operation, control circuit or regulator oscillator 110 of
FIGURE 2 is synchronized by a retrace signal 49 developed

25 at input terminal 102a of SCR 200 of FIGURE 1 from voltage
qu. During shut-down or power-off operation, regulator
oscillator 110 operates continuously as a free running
oscillator and generates signal S.r as described later on.

Both PNP transistor 53 of FIGURE 2 and NPN

30 transistor 52 switch states at a rate established by trip
level voltages for a control terminal 54. Control terminal
54 is coupled to the emitter of transistor 52 through a
diode 59. A charging capacitor 55, that is coupled to a
regulated +33 volt source, is charged through a

35 controllable current source 56 comprising an NPN transistor
57 and a resistor 58, coupled in series. The junction of
the capacitor 55 and the collector of transistor 57 form
control_ggrminal 54 that was mentioned before. The +33 volt
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35 ' external devices and the tel evision receiver, the compn

conductors of the receiver and of the external devices are connect ed
together so that all are at the sane pod@ntial . The sFeha®511%%s of
each external device are coupled to the
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together in a latching arrangement. That is, the collector

5 output terminal of transistor 53 is coupled to the base
input terminal of tramnsistor 52, and the collector output
terminal of transistor 52 is coupled to the base input
terminal of transistor 53, both transistors thereby forming
a regenerative latch. ’

10 Under continuous free-running oscillator
conditions of regulator oscillator 110, that occur during
power-off operation, as explained later on, when transistor
52 becomes conductive, current is drawn from the +33 volt
source to the collector of transistor 52 through resistors

15 60 and 61, thereby turning on transistor 53. Part of the
collector current of transistor 53 is then coupled to the
base of transistor 52 through’a resistor 62, thereby
regeneratively turning on both transistors into saturated
conduction. Similarly, when transistor 52 becomes

20 nonconductive, both transistors regeneratively turn off.

Operation of regulator oscillator 110 for one
free-runing cycle will now be described. Consider an
interval during ﬁhich transistors 52 and 53 are
nonconducting. The voltage at the base of the transistor 52

25 is determined by the resistance values of a voltage divider
comprising resistor 63 in series with the parallel
combination of resistors 64 and 62. In order for

transistor 52 to become conductive, voltage Vs must

decrease below a lower trip voltage Vi, which gs two diode
30 drops below the voltage at the base of tramsistor 52.

Should voltage Vga at terminal 54 decrease below level Vi,

transistors 52 and 53 would regeneratively turn on.

when both transistors 52 and 53 are conductive,

the voltage divider ratio changes. With transistor 53 in
35 saturated conduction, resistor 63, rather than resistor 64,

is now effectively ﬁaralleled by resistor 62, developing a

new, more positive base voltage for transistor 52, and

establishing an upper level trip voltage Vi for control
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comon conductor is held floating, a user touching a termnal that is

at the potential of the common conduct or w ll not suffer an electrical
shock. Therefore, it may bkldesirable to isol R@At8e 194
comon conductor, or ground, of, for exanple, the tel evi sion receiver,
fromthe potentials_of the termnals of the AC pmains_supply source that

provi de powefefBipad S54. fhouidsvehtrgecVyerat StRFMIRY] 234 oHIFELISH cal | y

achi eved abByve lLegasf V{Im?traﬁgi‘sféﬁé as 2daf@ NP NweOId UEé §énéBa dbrel
soneti nmes re%erred o as "“col d" ground conduct or. In the

switching re§BFBt 8£fof the power supply of the invention, the AC mains
supply voltage i s COupFRQURES 4di andti4ly iblustratigeidezliiedrwdvwefgemsluci ng

an unr eyl al gy yo1edhECGL CHE' ERELRD) (LARMhaPUPR! dod Hh8 %ot Nieds, OT
exanpl e, referenced & a conmon conductor, Teferred o as hot
ground, and Vhitage efneseiilet9ri topnsbateor obd tdering centinupusind

conductor. AgraeLe@nhingt BEef@PibR! o Feghlator osdiELFeosUPHd Yoot t age,
the primary wi nding_of . the fl nsforner, the linearjty

g bac ra
i nduct ance” aRACERE HUFLRE: Pﬁﬁg§5°¥§/i ARERYTLIPR Of sHhe RWRREHPRIY t he hot
ground conduptuging powefRoEBeopéhatitnpdregqubatdér ovseillacoxiriMerosSt age

t hat 10 FIGURE 1 is energized but horizontal output stage 99 is
disabled. Consider voitage Vg of FIGURE 2 during the
interval, beginning somewhat after time Tl. Transistors 52
and 53 are turned off, and capacitor 55 is charging from
the +33 volt source at a constant rate determined by the

15 base voltage of transitor 57 of controllable current source
56. The voltage at terminal 54 is thus a decreasing

. sawtooth. At time TZ’ voltage V54 has decreased to its
lower trip voltage level VL' causing transistors 52 apd 53
to regeneratively turn on.

20 The collector of transistor 53 is coupled to one
of output terminals B~-B through a diode 65. A primary
winding T2a of transformer T2 of FIGURE 1 is coupled
between terminals B-B. A discharge path of capacitor 55
comprises the terminal of capacitor 55 coupled to the +33

25 volt source, the emitter-collector path of transistor 53,
diode 65, winding T2a coupled across terminals B-B, and the
other terminal of capacitor 55. To prevent current source
56 from undesirably charging capacitor 55 during the
capacitor discharging interval, the collector of transistor

30 53 is coupled to the emitter of transistor 57 through a
resistor 77. When transistor 53 conducts, transistor 57 is
cut off, disabling current source 56 during the discharge
interval.

As illustrated in FIGURE 4a, beginning at time

35 T,, voltage Vg, ‘

sawtooth. At time T,, voltage Vs4 has increased to its

upper trip voltage 1evel_VH. Transistors 52 and 53

at terminal 54 comprises an increasing
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controls the switching operation of the deflection circuit transi stor
swtch is, for exanple, referenced to the cold ground conduct or.

Li kewi se, an on/off control signal that;230 may be generat ggabgsaiggnote
control receiver for controlling the on/off operation of the receiver
may al so " be referenced to the cold ground conductor.

A driver tr gegjeterativelyheudh-oEE,Shade theupe&t chargiagsweyictli ng, second
cont rol sigg@ t the hori zontal 35 frequency fromthe portion of the
driver stag S referenced to the cold ground conductor, to the
defl ection C|rc®ﬂ:nﬁp@msbgmcd by thie, coRdectorr ¥bdtageedft o t he hot .

ground. - The el draBY, 04 THusRiAted®dn! BIGURE S dduring the
This is the q acenent
approx1mate 1nterval T2 3, @n output signal is coupled to
regulator oscilator 110 output terminals B-B to provide
gating current to turn-on the regulator SCR 200 of FIGURE
1. The actual time width of interval Tz-T3 of FIGURES 4a-4b
is relatively unimportant provided sufficient SCR gating

10 current of a sufficient duration is coupled to SRC 200 of
FIGURE 1 to turn it on.

In normal power-up operation, regulator
oscillator 110 is not left continuously free-running as in
power-off ogeration but is synchronized with horizontal

15 deflection. The charging rate of capacitor 55 of FIGURE 2
is varied depending upon the magnitude of the feedback
voltage Vf coupled to a feedback terminal 101 for varying
the turn-on instant and conduction angle of SCR 200 of
FIGURE 1.

20 FIGURES 3a-3d illustrate waveforms useful for
explaining normal power-up operation of control circuit 110
of FIGURES 1 and 2. Similar numerals and symbols in FIGURES
1, 2 and 3a-3d indicate similar items or functions.

At the beginning of the retrace interval at time

25 tl of FIGURES 3a, negative going retrace pulse 49 of FIGURE
2 is coupled from input terminal 102a to the base electrode
of transistor 53 through a resistor 149 and a capacitor 150
that causes transistor 53 to become conductive. Therefore,
capacitor 55 becomes immediately afterward substantially

30 discharged.

After time t,, the beginning of trace, capacitor
55 begins to charge at a rate determined by the wvoltage at
the base of transistor 57 of current source 56. Voltage V54
decreases until lower trip voltage VL is reached at time

35 t4. At time t4, the oscillator transistors regeneratively
turn on, resulting in a gating signal SC(Z) being gene:ated
and coupled to SCR 200 to turn on the SCR, as illustrated
in FIGURE 3c.
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-6- I sol ation barrier between the hot ground and the cold ground
conductors. The on/off control signal nmay be applied to the driver
stage to enable the generation of the se&dnd control sighed, 83utdhg
normal power-up operation, and to 5 disable its generation during
shut - down or “power - of f Eeration ihat di sabl es the operatipn of the
defl ection ci rcuj t Regulator oscillapqr,11Q, HheReCoRtHUSHt HRr2 aspect of
t he I nv€peeepunhiingf modé anatrab siguetratedeiy FIGURBN3dplsd¥eral

| th ; |1 f th
control o rconbres-BiBehabie; HOCLRR, hhFBELRL BEAEE, amothde e o1
operati on, |sypcbugaea1ngonearace pubsead® ueveOupbddlhoth%rmimehrl@?a
i nductorgof pherjme tdefEﬁCEhQE Gé&cutﬁeof¥981r§ﬁﬂﬂﬁ ﬂ@@ f'ﬁﬁ%lﬁ@n£ﬁ°|

si gnal 15 IS produce an arrangenpen ormngﬁ ig pat bet ween
the linearit¥h Pn888?6r°§ﬁd°Pﬁ§a86ﬂ¥rOFSCFF59F¥UP ¢chY sYnc RYemiFingt h i's
referenced t geBohcgr plilfe Becavhas| hg@ssilbastrated in FIGURE 3c, in the

subsequent free-running mode after time t4, and prior to
the next retrace pulse 49, another SCR 200 gating signal S

10 may be coupled to the SCR. The number of additional gating
signals will depend upon such factors as the position of
the turn-on instant t4 within the horizontal trace interval
and the charging and discharging rates established for
capacitor 55. Such additional turn-on gating signals are of

15 relatively little consequence, since the SCR remains in a
conductive state as long as the current through the SCR is
above its holding current level.

To provide regulation, the turn-on instant t4 is
varied within the trace interval by varying the charge rate

.20 of capacitor 55 through a varying voltage at the base of
transistor 57. Transistor 57 base voltage is the

~proportioned value of feedback voltage Vf coupled to the
base of transistor 57 through a voltage divider comprising
resistors 70 and 71.

25 An error amplifying transistor 43 has a base
electrode that is coupled to feedback signal ViN that is
representative of voltage B+ via an input resistor 43a.
Collector load resistors 43b, 70 and 71 form a load
resistance at the collector of transistor 43. A zener diode

30 243 that is coupled to the emitter of transistor 43
determines the threshold voltage of the inverting amplifier
that includes transistor 43. Amplified error voltage Ve
that is developed at a terminal 91, at the collector of
transistor 43, is coupled to the base electrode of

35 transistor 57.

After time t2' the beginning of trace, capacitor
55 begins to charge at a rate determined by the voltage at
the base of transistor 57 of current source 56. The voltage

T e L
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path is referenced to hot ground, the need for an addi tional hot-cold
I sol ati on arrangenent for applying the 20 power-up and power-off control

i nformati on of the on/off control -didgnal to the controRCA 8B&uilB4 s,
advant ageousl y, obvi at ed. A tel evision apparatus
enbodyi ng an aspect of the I nvention includes a source of an input

signal at a iy qqré:ﬁﬁﬁﬁcylmﬁa"t the demerednip yoddmgecion st reqededy at A

deflection oifyflit ORPUind age, e ldbid stotehiraidiators | current
linearity el ément 2hat iS res nsive o generates a

(irst signal 9aPneReIvRLH it ryoarerﬁesultm@Aﬁnga&leaﬂé@%aﬁloﬁgr@). on but
not during a;mygercmfzfle'iﬂ to GOR R00rtoofturine the! SCRsba @ef liddustrated

appar at on/ power -of f control signal is produced fromthe
first sﬁgnalr}hégnggﬁwﬁ{ts a power-on state during the power - on

operation and a power -Bidulst dihe qeguigteide B+ voltpgeertotteropaadt 1624 A
utilization gf e lfR.EOflt reuse, ti’ﬂﬁ‘éx?g@ileegpﬁﬁeatlﬁe&eﬁe%%%' akk to the

power - on/pomer f cont nal that I [P zation circuit
to operate i¥PlkLagrid pfofo ﬁ@Kﬁ&ﬁb@ dingreases caysiagdhgs base Noltagel of
the control f a¥insistor 57 to also increase. The current magnitude of
10 current source 56 increases, increasing the charge rate of
capacitor 55. As illustrated in FIGURES 3d and 3c by the
dotted waveforms Vg, and S, the lower trip voltage
level v is reached at an earlier instant tsy, generating a
gating pulse Scq1) &t the earlier instant t;, as required
15 for proper regulation.

A user initiated command to enable shut-down or
power-off operation of the television receiver causes
remote receiver 120 of FIGURE 1 to generate an on/off
control signal ON/OFF at an "OFF" state that is applied to

20 driver 100. After power-off command occurs, the operation
of signal on/off causes switching signal H. at the base
electrode of transistor Q1 to be removed. Therefore,
horizontal output stage 99 is disabled and supply voltage
V+ is not generated. Also, retrace pulse Via in winding w4

25 of transformer Tl is not generated. Consequently, retrace
signal 49 that, in normal power-up operation, synchronizes
regulator oscillator 110, is not generated during the
power-off operation that follows. Because regulator
oscillator 110 is energized from voltage Vur also during

30 the power-off operation, regulator oscillator 110 free runs
continuously, as described before. :

Assume that, in a given interval that occurs
during the power-off operation, the magnitude of the
anode-to-cathode voltage of SCR 200 is smaller that the

35 minimum required for enabling latching operation in SCR
200. In this case, any trigger pulse of free running
control signal S that occurs when the anode-to-cathode

voltage of SCR 200 is insufficiently large to enable
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-7- I n the Draw ng: FIGURE 1 illustrates a

tel evi si on power supply including a_supply regul ator enb
i nvention; FIGURE 2 illust gtes t he control C|g§§'€goie§he 5
suppl y regulator of FIGURE 1 that includes an oscillator;

FI GURES’ 3a- 35k Lhyab" a@er%xshoiﬁsség%b '9111 ﬁé%gtﬂéﬁ!aséhecaﬁégﬁ'

power - up oper ation of clircult
FI GURES 4a- 48CR| £00t £t Eurpen, &ﬁnﬂnguebétﬁbﬁénmode In each such

period of signal S+ SCR 200 will be turned on for an
interval that is proportlonal to the pulse width of the
5 trigger pulse or, for example, to interval TZ-T3 of FIGURE

4b. The pulse width of each trigger pulse is constant. It
follows that for a given anode-to-cathode voltage
difference in SCR 200 of FIGURE 1, operating in the
turned-on unlatched operation, the average value of current

10 iSCRZOO through SCR 200 is directly related to the
frequency of the trigger pulses.

Further assume that, in the aforementioned given
interval during the power-off operation, the free running
frequency of the trigger pulses is so low that the average

15 value of current iSCRzoo in SCR 200 in each period of the
trigger pulses is smaller than a load current iL in
resistor Rgq- Additionally, assume that the load current iL
is supplied entirely through SCR 200. Therefore, filter
capacitor C2 would discharge by load current iL until

20 attaining a voltage level that produces a sufficiently
large anode-to-cathode voltage difference in SCR 200, such
as 10 volts, for enabling the latching operation.
Thereafter, SCR 200 will be triggered by the next trigger
pulse produced by free running oscillator 110 and the

25 latching operation will occur in SCR 200.

Because load current iL is small, the discharge
interval for obtaining such sufficiently large
anode-to-cathode voltage difference that enables the
latching operation in SRC 200 may be equal to, for example,

30 160 milliseconds. Since retrace pulses Viyq are not present
during the power-cff operation, such latching operation
will continue until filter capacitor C2 is again charged to
a voltage that is equal to or greater from unregulated
supply voltage V. UR’ causing the SCR 200 to turn off. At the

35 end of each such latching operation, the anode-to-cathode
voltage of SCR 200 is-again insufficiently large to permit
the next latching operation until the next interval of 160
rilliseconds has elapsed.
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10-" of the oscillator of the control circuit of FIGURE 2.

FIGURE 1 illustrates a portion of a television recei ver incorporating
a bridge rectifier 101 that recti f4lds~ a mai ns supply v&CRagé . Iparr] to
produce a DC, unregul ated voltage V[err] An output stage, or switch 15
regul at’or 102, that includes a silicon controlled rectifier (SCR

switch, referred to hékhe nlatcliam mEratisuuddight producey@ ik vol t age B+
that is COUF&nﬂﬁ.it@uPe Wvﬂiiié‘@pdd.ﬂs@ ofd currerfd ﬁback { rqusj‘vﬁrr@rmTJscaAQobnput

e el 0%l S e 1 i Y FeRe A G B N et o) el
102dhof srﬂtcﬂrrespdnnxnglfﬁiquu ruf\ﬁbpﬁbxwmatﬂI¥Wﬂﬂz TSuch wide cogﬁle?
to the € r o
a hori zgér)lt aléac%ecnﬁ% t%(ih%)&e "?lg}ﬁ: %Q{Aacggéég%oﬁggaet&#otn%gl%g ﬁgﬁl?’z%(s) ﬁ?‘%ﬁ' Fat e
flerr]. A caoweys-oif omwon{ &ihg otaleqﬁwmbrhezmd mightf berr], is
devel oped atpé[delﬁzr ed i Cﬁdoééﬁﬂsé %él‘as(?tilcd‘dfddi'ﬁrﬁo%‘i‘“%&b‘i%t:i%ﬁ%atabon

SI gnal | S ap rom a contr clrcult ref erre ereln as
A Borizont ala FeSYits thel wids Gul fRF qUERents idoy flogd eX@mple, the base

el ectrode ofiddqwidstin. UsuckSi giald i#y He Gbildctivnalle ilfhd tswickaltisng of
transi Sltd) ' %Luglor{g gtetpeerpacgvllenrg-oaffj egﬂeratlon when the user does not

expect any sound to come from the turned-off television

receiver. Therefore, it may be desirable to prevent filter

capacitor C2 from being discharged to a level that enables

the undesirable latching operation in the SCR 200, during

15 the power-off operation.
In accordance with an aspect of the invention, a
. signal V121 that is derived from a voltage VLIN developed

in linearity inductance Ly 1N of FIGURE 1 is applied to a
transistor Q2, operating as a switch, that is coupled to

20 terminal 110a of regulator oscillator 110. Conduction of
transistor Q2 causes voltage VIN toc be zero, which
increases the frequency of signal Sc, during the power-off
operation, to the maximum value, in a manner that is
described later on.

25 The absence of signal V121 causes the free
running frequency of signal S to increase in order to
increase the frequency of the trigger pulses to enable
replenishing, during each trigger pulse, of all the charge
in filter capacitor C2 that was lost during the interval

30 that elapsed from the immediately preceding trigger pulse
of signal S.- Because all the charge lost is replenished
during each period of the trigger pulses, voltage B+ in

. filter capacitor C2 will be maintained substantially at the
same level at the end of each trigger pulse. Such level of

35 voltage B+ is sufficiently high to maintain the
anode-to-cathode voltage of SCR 200 sufficiently low for
preventing the latching operation of the SCR switch from
occurring throughout the power-off operation. The result
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current i in a series arrangenent of a deflection w nding L[err], a
trace capacitor c[err] and a linearity inductor L[err] of hori zont al
out put stage 99. A retrace voltage V[erdf=is producedrRCA &5,15«

conventional manner across a secondary 35 w nding W2 of transforner T1

in each* retrace nterval each_hori_zont al er| Each retrace
i nterval occt th £ %Nﬁ@&?ﬁ?@P?laFtépetP§H§P§FBF epe eegﬁﬁgtlonable
nonconductivsouﬁd is elBfiinatediyode expphined iagdeVailt bAtULS,. Patent

i lustrati Ve'z;]yass 525 entitled, A2Rei@ViZiohSaBbREytad BYwLECELLYIDY

vol tage V[err] i
1ssued 12 September 1989 to Rodriguez-Cavazos et al.

5 During power-up operation, signal V121 causes
transistor Q2 to be non-conductive, so as to have no effect
on the switching of the SCR 200. On the other hand, during
the power-off operation, the absence of signal Vl21 causes
tran51stor Q2 to conduct, which increases the frequency of

10 signal S and, in turn, the conduction of SCR 200. The way
signal V121 is produced and utilized is further explained
below.

During normal power-up operation, AC voltage V
at the frequency fﬁ is developed in linearity inductor
15 LLIN‘ A capacitor Cl2la and a resistor R121 form a series
arrangment that is coupled in parallel with inductor L
and that dampens ringing in inductor L

LIN

. LIN
LIN® buring a portion

of retrace, capacitor Cl2la is charged by a positive going

retrace pulse of voltage VLIN' At the end of such retrace

20 pulse portion, as the retrace pulse of voltage VLIN becomes
smaller, capacitor Cl2la, that is already charged, produces
a negative pulse voltage of a bipolar signal Vi21a
cathode of a diode D121 that is coupled between resistor
R121 and capacitor Cl2la. Diode D121 and a filter capacitor

25 Cl121b form a negative peak detector 121 that prqduces
signal V121‘ Thg loading effect of detector 121 on inductor
LN’ is, advantageously, substantially insignificant.
Therefore, detector 121 substantially does not affect
deflection current. Signal Vioyr that is negative during

30 power-up operation, is produced at the anode of diode D121
and is coupled through a resistor Rl22a to the base of
transistor Q2. A protection diode D122 coupled between the
base and the emitter electrodes of transistor Q2 prevents
the base-emitter reverse voltage in transistor Q2 from

35 exceeding the forward voltage of diode D122.

In accordance with a feature of the invention,

negative signal V 121 causes transistor Q2 to be
nonconductive throughout normal power-up operation. On the

at a
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rectifier arrangenent 104 that is coupled to w nding W. Vol tage V+ is

coupled to various circuits of the receiver, not shown, to provide them
witth a run supply voltage during 5 powd8~up operation. RCA 85,154
Vol tage B+ is coupled via a voltage divider, including resistors
Rlerr],*Rert] and Rlerr] to a control circuit 110, that is also

referred to dideg hand.r dduonghout powqﬁfamergmom,ha@ga@w#eﬁg@@d

dulr L ng bg} Rlspowerwm@dl GeHera ' imdfd reRalstorOR3 208 RhAY 48 2oupidack
vol tage

.-110 Du at t rol
circuit bet %ejbﬁé’r"‘at ‘r:}? g’%&tgﬁé‘l%pé[ye:al”%gﬁetmﬁésﬁop g"ﬁf’&:‘ﬁg}f’?& (ra(r)r]

and at cau=es roddrsilstarh e tich&te m@ﬁﬂudtavbheTmaasaltprlQZea@h
hori zont ﬁg&ﬁﬁﬁ@l d he phase
of signa Sc varies :é éalrc%‘ceo%ydaqr%cgc%\j\n &%&%%”%%1%%& g&%@ oI t age

VIN, that iPowesperiif eperation and @st agenoaeom!mtaveefsw@nbe voI tage, not
shown in Fl Qyleuly hout tﬂé“'ﬁo rma 1P} ]ﬁfbp%%tt&% C‘rh%“&bl%@t&h%f

Yy Si gnal causes regul ated voltage B+ to be

regulatlon ro %Vb
at 20 pr 4;%ﬁQﬁ394133u99ﬂﬁ$§q Lnpydh V&EmlpﬁﬂuéﬂpétpﬁeFﬁntr°l +129
volts, durl RO ey -1010 e vdltage Vg is develbpedaaade cais@eR 200 is

coupl eqlot 0 %rlq%uglear‘ﬁ% to be zero during power-~-off operation.
Therefore, the rate of change of voltage V54 of FIGURE 2
becomes substantially higher than if voltage B+ were
permitted to control the level of voltage VIN during the
power-off operation. The result is that control circuit 110
15 will produce signal S¢ of FIGURE 1 at a free-running
frequency that is at the maximum. Therefore, as explained
-before, the afocrementioned objectionable sound is
eliminated. Had voltage B+ been permitted to controcl the
‘level of voltage VIN during the power-off operation, the
20 frequency of signal S might have been at a minimum during
at least a portion of each of the aforementioned 160
milisecond intervals.
Regulator oscillator 110, transistor Q2,
linearity inductance LLIN’ switch regulator 102 and
LIN 2re each referenced to a common
ground conductor HG that is conductively coupled to mains
supply voltage VAC and that is referred to herein as hot
ground conductor HG. On the other hand, each of remote
receiver 120 and horizontal oscillator and driver 100 of

25 linearity inductor L

30 the television receiver is referenced to a common ground
conductor CG that is conductively isolated from hot ground
conductor HG and that is referred to herein as cold ground
conductor CG. The conductive isolation between the hot and
the cold ground conductors is accomplished, in part, by

35 energizing remote receiver 120 and driver 100 from a
voltage 78 produced in a conventional manner that is
conductively isolated from hot ground conductor HG. Voltage
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voltage V[err] via a wnding W of transforner Tl. The cathode of SCR
200 is coupled to an end termnal 102c of a 25 filter |nductor

Qutput term nal 102d, the other end =18&rmi nal of inductof ﬁ285mﬁ§ﬂe

regul ated voltage B+ is devel oped, is coupled to winding W of flyback
- transfornmer ° T |It ' upl-ed o]} er m_nal

102d. Slgnal7§clss£58§BFeg E%BdrlvertggahéFggﬁgﬁ%Tghaoggé 85?%5-68te

el ectrode of ogERaxdONs. When a | eadi ng edge LE of signal Sc of

FI GURE 1, havi ng agcge%%laatetee R8°8n8tnsRoUBpLRL! BE *&g&ef orm of

FI GURE 1, occurs, Is_triggere becones | ate

conduct i ve. B@Wﬁﬂ&lﬁﬁpnﬁﬂgﬁéﬁepigg GﬁéﬁaﬂﬁoﬁPPQSEd F@aHFEBIQHQE LE occurs
at a ting t[ oslildationd1aot aade to reguilh@,b‘tawaEcﬁaIbzp&ht@d hl of a voltage

S R 8 T M S
across inductor LLIN via a signal path that is referenced
to hot ground conductor HG. The signal path includes
capacitor Cl2la and detector 121 that are, each

10 conductively coupled to hot ground conductor HG. Signal
V121 that is referenced to hot ground conductor HG has two
levels that correspond to the "OFF'" state and to an “ONV
state, respectively, of on/off control signal ON/QFF that
is referenced to cold ground conductor CG. The "power-up"

15 state of signal Vv is obtained from horizontal rate

signal Hr that 1sléénerated_only during the power-up )
operation. Signal Hr is a transformer coupled signal that
is coupled across the hot-cold barrier formed by
transformer T3. In this way, advantageously, on/off

20 control signal ON/OFF is applied to transistor Q2 via
transformer T3 that maintains the hot-cold barrier.
Transformer T3 is the same transformer used for supplying
signal Hr to deflection switch transistor Ql, as described
before. Consequently, the need for an additional circuit

25 element for applying the two states of on/off control
signal ON/OFF across such hot-cold barrier is obviated.
Advantageocusly, extracting the on/off information from

voltage V is accomplished without adversely affectlng

LIN

deflection current lY
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U!ll” !{HI’H?“&HMI tor C2, increases. The rate of increase of 4
-curr erm ned by unregul ated voltage V[err] and by

regul ated vol t age B+. At tde. end of horizont aRcergseisa tine
t[err], shown 5 in the waveform of FIGURE 1, a retrace pul se portion of
voltagé V[err] is devel oped. Voltage V[err] is devel oped by transf or ner
action fronﬂﬁﬂﬂld@ecﬂﬁdMEP iIi$:retrace capacitor C[err] Retrace pul se

Verr] in winding va s Pal St sich apiRRaths, cofiprigingd Lo reverse
on

bi as SCR 200 and to reduce th Cor P rents-flowing in
i nductor L2. As a reguﬁpurce (&pobﬁé One @4t ﬁ@elﬂﬁpé §igBRAn§H, dfa ufr ent

i[err] in i fhefuency thakstar%Qbk@@Bt@eﬁehéﬁﬁéc%&oﬁn@rEQﬁEh L 102c is .
gecreas d until a ?&qﬁﬁt a re&;a e g% gg ? RI en_a _catch
iode D2 that is cou 8“t§ﬁﬁ MAC py3put,stages (98). iBRABELRTe.

The oper at i @n defflectiiode cuswentas ldaearityoedement (LLIN)' responsive
to said input signal for generating a first signal (V
in said linearity element (LLIN) during a power-on
operation but not during a power~off operation of said
10 television apparatus; characterized by
' means (121) coupled to said linearity element
(LLIN) and responsive to said first signal (Vi 1n) for
producing a power-on/power-off control signal (V121) that
exhibits a power-on state during said power-on operation
15 and a power-off state during said power-off operation; and
a utilization circuit (Q2) of said television
apparatus responsive to said power-on/power-off control _
signal (Vlzl) that causes said utilization circuit (Q2) to
operate in a mode of operation that corresponds to said
20 state of said control signal.
2. A television apparatus for generating a
power-up/power-off control signal (V121), comprising:
first means (100) for generating a first signal
(output of iOO) at a frequency that is related to a
25 deflection frequency, during a power-up operation of said
television apparatus, but not during a power-off operation
thereof; characterized by

LIN)

coupling means (T3) having a first portion

(primary) that is electrically noniscolated from said first

30 signal (output of 100), with respect to electrical shock
hazard isolation, and a second portion (secondary) that is
electrically isolated from said first signal with respect
to electrical shock hazard isolation, for coupling said
first signal to said second portion to develop in said

35 second portion a second signal (Hr) that is electrically
isolated from said first signal (output of 100) such that
said second signal (Hr) is generated during said power-up
operation but not during said power-off operation;
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*i's described in detail in U S Patent No. 4,163, 926, entitled
.SNVT TELEVI SI ON APPARATUS, in the name of D. H
W I ﬂ‘MHMImﬂ““IFI GURE 2 illustrasps a detail ed schengdta cgsli pgyr am 20
of regulator osci | Pator or SCR control circuit 110 of FI GURE 1.

Similar: numéral s and synbols in FIGURES 1 and 2 indicate simlar itens
or functions. During nardeflecteonugwitch (PE)atoupledows radcircuit or -

| at t
oional 90 qeskpeBEEEait] fonisotated Mok s EMRLASN " Gre T from
vol tage (weﬁnqiarmwﬁgssh@tcmrw mears - 073 ) oped cheng  swihidhadr
oscillator 1if pps ?@h@é €8nééw%@édn&5sfgﬁéfe(ﬁ UWH\EEBmg sam%?]&é’ﬁmp and

gener at es si gnal descri bed
transister 5 %Faﬁ%@'? BRY Wnﬁosal‘?r%‘ﬁ%‘t%ff PR kW es at a

rate establigérdriyihgi 8 deflectﬂyxe|cﬂﬁfé@ﬂe§1fpr11ﬁ &0dé frdctign nal 54.
Control term.pal ter, of transistor 52

e tt
t hrough a WIndﬁPgdgLﬁg dﬁfiﬂ%rg?ﬁ% %%%%E YQwogﬁfaY*ﬁH'ls coupled to a
regul ated +33 volt soutbirdimeahsr (21 ) hrespinsivesto said reddaid e current

source 56 C?ﬁ? In?ng Qﬁﬁléiégéffégily nonisd1 808k A L&n S Seorkup! ed

I n series. unc
10 portion (secondary) of said coupling means (T3) for

generating said power-up/power-off control signal (V121)
that is electrically isolated from said first signal
(output of 100) and that is in a pover-up state (negative)
as long as said second signal (Hr) is being generated

15 during said power-up operation and that is in a power-off
state (zero) as long as said second signal (Hr) is not
being generated during said power-off operation; and

an oscillator (110) electrically isolated from
said first signai (output of 100) for being energized

20 during both power-up and power-off operations to generate
an oscillator signal (sc) duripg both operations, said
oscillator (110) being responsive to and electrically
nonisclated from said control signal (V121) and being
placed in a power-up mode of operation when said control

25 signal (V121) is in said power-up state (negative) and
being placed in a power-off mode of operation when said
control signal is in said power-off state (zero).

3. A television apparatus according to Claim 2
characterized in that said oscillator (110) is

30 electrically nonisolated from an input AC main supply
voltage (VAC)’

4. A television apparatus according to Claim 3
characterized by a linearity inductance (LLIN) wherein said
third means (121) is responsive to a signal (VLIN).that is

35 developed in said linearity inductance (LLIN) for
generating a first level (negative) of said
povwer-on/power-off control signal (V121) when the switching

~in said deflection switch (Q1) occurs and a second level

Sheet Has Been Replaced
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the c mﬂmllm e collector of transistor 57 form control
term N ’ﬂﬂ I ntioned before. The +33 volt

10- ‘solirct is produced across a -zemer di ode Z33 (showRdA 85,3.5¢ 1)
during both power-up and power-off operation. Conmpl enent ary
transistors ‘52 and 53 are coupl ed together in a |atching arrangenent.

That is, theZeH9lksthan she gikchingioparagian dasisqigt flectdaupied to
t he base sWwitisl (g yMinaldikfadllednsi stor 52, and the col |l ector output

e pal of Lranst sCor, 82 | SRSt Sy adaing &S o
characterized in that said third means (121) comprises a
5 peak detector. '

) 6. A television apparatus according to Claim 5
characterized by an R~C network (R121,Cl21a) coupled
between said linearity inductance (LLIN) and said.detector
(121) for generating a bipolar signal'(VlZIa) that is

10 coupled to an input terminal of said detector (121).

7. A television apparatus according to Claim 12
characterized by a regulator switch (200) for coupling an
input supply voltage (VUR) to a load, during a portion of a
given periodic interval that is determined in accordance

15 with said first signal (output of 100) to generate an
output supply voltage (B+) at a level that varies in
accordance with said oscillator signal (sc), wherein said
oscillator (110) comprises a regulator oscillator that is
energized during both said power-up operation and during

20 said power-off operation for generating said oscillator
signal (Sc) during both said power-up and said power-off
operations such that during said power-up operation said
switching signal (Sc) varies in accordance with a feedback
signal (Vin) that is representative of said output supply

25 voltage (B+) that, in turn, causes a duty cycle of said
regulator switch (200) to vary in a negative feedback loop
manner for regulating said output supply voltage (B+),
wherein said power~up/power-off control signal (Vlzl) is
coupled in said feedback loop for controlling the frequency

30 of said oscillator signal (sc) during said power-off
operation in a manner that does not affect the frequency of
said first signal (output of 100) during said power-up
operation.

8. A television apparatus according to Claim 7

35 characterized in that said coupling means (T3) forms a
hot-cold barrier isolation that electrically isolates said
first signal (output of 100) from said deflection switch

(Ql), wherein said third means (121) and said regulator
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a regﬁﬂf“ﬁtm 10 Under continuous free-running

osci [k "m ’ﬂm "il ons of regulator oscillator 110, that occur during
power - of f* oper 4t | on,~as expl ai ned | at er_pfl, when transistor RrRca 8571Becones
conductive, current is drawmn fromthe +33 volt source to the collector
of transistor 52 through resistors 15 60 and 61, thereby turning on
transi stor 5®scRddEatelr t(140) fomvld edigmalcpathnthat tisadsitetrposdd i s then
coupl ed 10 |G tveen BA3G YeduI UV LR34 (3084900 LETLLATI82c bRET €DY
regeneratively turn on'b transistors into saturated conducti on.

In
Simlarly, V\Afﬁéﬁ-ttqhar(ﬁ%s)trorsaé-@ isdemnads padh bedngordectriealdyt Aspladstst or s

regeneratiVe&kﬂhﬂ%&ﬂﬁffi:st signal (puth&?B@th@@)OEnHEGEEEEQ&gQ§§§||at0r
110 for qne . free-rugﬁgﬁkc cle will “nhow be descri bed. C3n5|der;an

i nt er val >dur BegARRtated second poriien (secgpdagkdulfi fgidThe
vol t age at theupdisgmedns t((TIsi stor 52.25 is determined by the

resi stance val ues of a VO'E@%&Q%%%Jﬂ%ﬁe Rogpgogapbﬁgngfrgs%§38g£g§Phn

series with the parall&‘ ~conbl natio rés rs—6 n order
for tramgnﬂﬁﬁtuﬁatﬂ9mm§mam@gconQUctive, vol tage V54 nust decr ease
bel ow a lower trip vol AgRuAR Lot} OF lah iWPud QUBply voltage (Vyr) i

10 a filter capacitor (C2) for developing therein an

out?ut supply voltage (B+); .

a load (99) coupled to said filter capacitor (C2)
for producing a load current from a charge that is stored
in said filter capacitor (C2); )

15 , means (110) for generating a periodic switching
first control signal (Sc) during both power-on and
power-off modes of operation of said power supply;

a regulator switch (200) having said periodic
switching first control signal (Sc) coupled to a control

20 terminal (gate) thereof and having a main current
conducting input terminal (102a) coupled to said input
supply voltage (VUR) and a main current conducting output
terminal (102c) coupled to said filter capacitor (C2) for
producing ‘a switching current (iSCRZOO) in said regulator

25 switch (200), during both power-on and power-off modes of
operation, that is coupled to said filter capacitor (C2) to
develop from said switching current (iLZ) an output supply
voltage (B+) in said filter capacitor (C2), said regulator
switch (200) being capable of operating in a periodic

30 latched conductive state when said first control signal is
developed, provided that a first wvoltage (at 102c),
developed at said regulator switch output terminal (102c)
and coupled from said filter capacitor (C2), is at a level
that is within a first range of values; characterized by

35 means (121) for generating a power-on/power-off
control signal (Vlzl) that is coupled to a control terminal

(110a) of said first control signal generating means (110)

for changing said first control signal (S.). during said
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vol tage at the base of transistor 52. Shoul d
voI ta maggg.ﬂﬁ/ QE U nal 54 decrease bel ow |l evel V[err] transistors
52 and ratively turn on. ,4_ Vhenggpt §i5 15%
transistors 52 and 53 are conductive, the vol tage divider rati

changes: Wth transistor 53 in 35 saturated conduction, resistor 63,

rat hgr tlhan pewezt-offohode of opéraenofffect prediceasaideswitbingsi stor
62, devel opi

and s EREReB {dsensopdort BOLR FFERTOLoF age: r, 00k &80l
sald power-off mode of operation at a level that causes
said first voltage (at 102c) to be outside said range of

5 values in order to prevent said regulator switch (200) from
operating in a latched conductive state throughout said
power-off operation.

10. A power supply according to Claim 9
characterized by a second switch (Q2) responsive to said

i0 power-on/power-off control signal (Vlzl) and coupled in a
feedback signal path that is formed between said output
supply voltage (B+) and said control terminal (110a) of
said first control signal generating means (110) for
decoupling a feedback signal that is representative of said

15 output supply voltage (B+) from said control terminal
(110a) of said first control signal generating means (110)
throughout said power-off mode of operation to increase a
duty cycle of said first control signal (Sc) that, in turn,
increases a duty cycle of said regulator switch (200),

20 wherein during said power-on mode of operation, said
feedback signal (from B+) causes said first control signal
generating means (110) to vary timings of said first
control signal (Sc) in accordance with said output supply
voltage (B+) that, in turn, varies said duty cycle of said

25 requlator switch (200) for regulating said output supply
voltage (B+).
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termnal 54. Should V0|tagec' 3“?S§Teﬂirn’ nal 54 increase ;. @bov evel-_-- “
Vlerr], transistors 52 and 5§‘FW(9 | ¥ regeneratively tur lmsﬁgﬂ?as een Replaced

FI GURES 4a and 4b illustrate idealized waveforms. 5 f or q H"IM,H"L
r

control term nal 54 and the collector vol tage of oscil
53 during continuous free-running operation of regulator oscillator 110
t hat occurs during powef-off,operation of the power supply. Duri ng

power - of f operation, regulgs&or ogcillator 110 of 10 FIGURE 1 is energized
but horizontal output stag& ' di sabl ed. Consi der voltage V54 of

FI GURE 2 during the i nterva ,| begi nning sonewhat after tine T[err].
Transi stors 52 and 53 are tpurined off, and capacitor 55 is charging
from t h&t33 volt source 2 constant rate determ ned by the 15

base voltage of transitor 57 of ntroll abl e current source 56. The

vol t age at tﬁgn' nal 54 .'-s—w.u.j ay geciedsgh = sawt oot h. At tr1ne 12,
vol t age V54 decreaspg, £ it = llereSH i p voltage level VL, ¢ausing
transi stors and 5 a0 er t'velm"furn on. 20 ' The
col l ector of transigtjor RBXs|c 0 ong Oor outpur rterm naljs B-B
t hrough a di ode 654 plin&y = ‘—"'l
S [ =
' > NS
§ - 'AAA
= 3 A S8Lls
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J.UDITrnCAy, i AL

w nding T2a of transformer T2 of 2FI0QPURE 1 is coupl ed betmeen tern1na|s
B-B. A discharge path of capacitor 55 conprises the term Has Been Replaced
capacitor 55 coupled to the +33 25 volt-source, the emtter-co H mufﬂm"
of transistor 53, di ode 65, wi nding T2a coupl ed across ter
and the- "other term nal of capacitor 55. To prevent current source
56 from undesirably chargi ng capacitor 55 during the capaci t or
di scharging interval, the collector of transistor 30 53 is coupled to
the emtter of transistor 57 through a resistor 77. Wen transistor
53 conducts, transistor 57 is cut off, disabling current source 56
during the discharge I nterval . As illustedted in
FI GURE 4a, begi nning at_ time 35 T[err], voltage V[err] at t§§ninal 54
conpri ses an increasi nge sam ooth. At tinme T[err], voltageV54 has
Increased to its gpper trip voltage level V[err]. Transi gors 52 and
53 = . =

e L

= P
= = S
i j /™

1024
49 _
53
620K
|
S|
S

+ 33V —

63

E 3

15

220K
g2y =000
aw T

Fl6.2

=
4



) J.CSTEPHENS, ET AL - '
-12=% regeneratively turrlcgf ol@nd the next char gi ng cycle e ma}
As represented by the collector voltage of t ransi st or 9@35
in FIGURE 4b, during the 5 approxi mate interval T2- T[err] ‘

signal is coupled to regul ator oscilator 110 out put ter

provi de’ gating current to turn-on the regulator SCR 200 of FlI GURE

1. The actual tinme wdth of interval T2-T3 of Fl GURES 4a-4b S
relatively uninportant provided sufficient SCR gating 10 current of a
sufficient duration is coupled to SRC 200 of FIGURE 1 to turn it on.
In normal power-up operation, regulator .. oscillator 110 is not |eft
continuously free-running ag in power ! Lof fy operation but is

e charging rate of

Fl6. 3a

synchroni zed wi th hori
capacitor 55 of FIGURE

iz
3
|
%

>

&

|
SHENENY
b 2 1134 fls
FREE RUNNING
L
VH-" V54 : :
N Fl6. 4a
Vi — :couscm. ' |
15
L L1 16 4
T2|



Ls varied dependi ng upon the nmagni tude of the feedback ."-1 voI tage Vf
coupl ed to a feedback.terminal 101 for varying .

conduction angle of SCR 200 of FIGURE 1. 20 &/
illustrate waveforns useful for

the turn on |Hstant an'-d.
' - Fl:GURES 3a-3dl
expl ai ni ng ;n@frrai povver-up loger-ati-on .—.

of control circuit 110 of FI GURES 1land 2. ’SI m lar nunerals and ;.
synbol's in FI GURES 1, 2 and 3a-3d indicate ;sim | ar- i t-ems:.or fy ions.
At the beginning of x RRIHAGEARECURALH ap & ) FI-GJRES 3ay-- -
negative going retrace &?S,e gg F'h %ilitzﬁ A tﬁ%’lﬁ?%%t[j%e rom I nput
termnal 102a to the b n¥eptige x ates t0 A Fetrhing megydakox

resi stor 149 poxen suprdy todt ali@levisibhaappanatusiransi stor 53 to becone
conducti ve. Therefore,

d
substanti aI ly 30, di scﬁ' 1%%@'61%&(1&:&0{1%9%%\?% | me éligg t&r «

t
begi nni ng>of ~ FRIEELsip HKeqedver inclydeg g Ketyace EEsRNaRT é’%‘&’c"étv

det er mi ned byindkudind spalefllection miadiageand ar himeatity %d)fcﬁauueent
source 56. VoLt

reached at tine 955%%1:0& éiﬁoé&?s% ugh Euhoﬁﬁégér?&é‘ £ 1\4'

ransi st ors

regener at i vel §econdary df’rP‘BWg r%tﬂ tﬁlﬂ&ai"ﬂf LransfAguer g redpaqg mdissy

gener at ed that is rectified for generating a power-up or run supply
* 10 voltage for energizing the receiver circuitry. The output
stage is energized by a B+ supply voltage that is coupled
to a terminal of a primary winding of the flyback
“\3 transformer. The B+ supply voltage is produced and
regulated in a switching regulator. The switching regqulator
includes a switch such as, for example, an SCR switch
having an input terminal that is coupled to an unregulated
_ supply voltage. :

During normal power-up operation, the SCR switch
is conductive from an instant that is controllable,
occurring within each trace interval of a horizontal
deflection cycle, and remains latched in a conductive state
during the remaining part of trace. During retrace, the

SCR switch is turned off in preparation for the following
regulation cycle.

15

20

25 Regulated B+ supply voltage 1s developed in a

fllter capacitor that is coupled via a fllter inductance to
. Az an output terminal of the SCR swltch. The filter capacitor
et supplies a load current that flows in the deflection
circuit output stege during power-up operation. A control
30 circuit of the regulator that includes an oscillator
provides, in a given cycle of a first control signal, a
trigger pulse that varies the instant when the SCR switch
becomes conductive. The trigger pulse occurs at an instant
that is controlled in accordance wifh the B+ supply voltage
in a negative feedback manner such that the B+ supply
voltage is maintained at a predetermined value.
A turn-off winding of the flyback transformer,
coupled between the unregulated supply voltage and the

35
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.and coupled to SCR 200 to turn on the SCR as illustrated I n FI GURE
3c.

- 13- Regul at or
oscillator 110-then continues in a

‘free-runni ng node and, as
illustrated in FI GURE 3d, several char ge- di scharge cycl es may occur
bef ore anot her synchroni zing retrace2+spul se 49 is coupled to term na

102a 5 at time t[err]. In this way, the free-running node, unlike in
t he power-off operation, is_interrupted by synchraonizing retrace pul se

49. Thus, as 39sfaide SARE eopples ajretyfce pulse,doqtbat anede-9£finni ng
node after tithe tSCR awdtgh durfing each horizontal retrace interval to

turn off the SCR switch during retrace. Thus, the
oscillator of the control circuit is synchronized during
S the power-up operation by the retrace pulse. During a
power-off operation the oscillator free runs. During the
pover-up operation, the timing of the trigger pulse that is
produced by the oscillator varies in accordance with the B+
supply voltage in a negative feedback manner.

In a power supply, embodying a feature of the
invention, the control circuit is energized during both the
power-up and power-off operations so as to obviate the need
for switching off the unregulated supply voltage via an
on/off power switch. On the other hand, a horizontal rate
drive signal, provided to the deflection circuit output
stage from a horizontal drive stage, ceases to occur during
the power-off operation. Consequently, the generation of
the deflection current and of the retrace pulses is
prevented. The result is that the load current supplied

from the filter capacitor is substantially reduced during
‘the power-off operation.

10

15

20

As explained before, the trigger pulses occur at
a free running frequency, during'the power-off operation.
Any trigger pulse that occurs when the anode-to-cathode
voltage of the SCR is insufficiently large to enable
latching operation in the SCR switch, will, nevertheless,

~ cause the SCR switch to be turned on in an unlatched mode
of operation for an interval that is proﬁortional to the
‘pulse width of the trigger pulse. Assuming a constant width
of the trigger pulse, it follcows that, in the unlatched
mode of operation of the 'SCR switch, the average current
through the SCR switch is directly related to the free
running frequency of the trigger pulses.

Assume that, during the power-off operation, the
frequency or the duty cycle of the trigger pulses is at
such a low value that the average current in the SCR switch
is smaller than the load current. Further assume that the
load current is supplied entirely through the SCR switch.

25

30

35
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Ihe next retrace pulse 49, another SCR 200 gating signal Sc 10 may be
coupl’'ed to the SCR The number of additional gating signals wll

depend upon such factors as the position of the turn-on instant t4

within the horizontal trace interval 3- and the chargi ng and di schargi ng
rates established for capaci tor 5577Such additional turn-on gating
signals are of 15 relatively little consequence, since the SCRrenmains in

ab fongu?hé¥8fsfa; ELIRS fﬂr&za%aya%ﬁw anfat hi@@ﬂ&é@%m IS
above its 0

| at th
turn-on inst ﬁg#ag g renievéa "r‘b‘“& Wi Rrefece, ﬁcﬁu%{“é*%?{% uﬁffﬁe{lfgg thg
charge rate aaedeof-o'capmt'l@rvwm didifexengeyingthe| $CReswitathefdinase of

transi stor 5Znam§ﬁ§I§a@énﬁZg tw&a&otx@g@ne%ehmer, thersmréwmml val ue of
f eedback _volta

h h
Vol tage & vi YEHT B Frifaetel by Mhe nexe Bioghy pulsecol’end HHSU9) @

An
error anpllfynnglpgaqgcslbatqe and therdsdching eperatids vhbl éccwougl ed to

f eedback sigralke ¥ciN Ebﬂtchs representative of voltage B+ via an input
resistor 43a. ecto stors 3b 70 Qd_gé f8££é€a}9§d
resi stance at the coII EfﬁPsﬁfgﬁ?é% é; Eﬂé di 508 g
time for obtaining such sufflc1ently large anode-~to~cathode

10 voltage difference that enables the latching operation
might be equal to, for example, 160 miliseconds._Because
retrace pulses are not present, during power-off operation,
such latching operation will continue until the filter
capacitor is again charged to a voltage that is equal to or
greater than the unregulated supply voltage, causing the
SCR switch to turn off. After the end of each latching
operation, and until such interval of 160 miliseconds will
have elapsed, the anode-to-cathode voltage of the SCR

switch is again too small to enable the next latching
20 operation.

15

During the latching operation, a high amplitude,
wide pulse of current flows in the SCR switch and, for
example, in the filter inductance, such pulse is repetitive
at a corresponding frequency of, for example, 6Hz. Such
wide current pulses might produce an objectionable sound
during power-off operation. The objectionable sound might
be produced due to poésible.parasitic mechanical vibrations
as a result of the wide pulse current in, for example, the
inductance of the filter. Therefore, it may be desirable
to prevent the filter capacitor from being discharged to a
level that enables the undesirable latching operation in
the SCR switch to occur, during the power-off operation.

In accordance with an aspect of the invention, a
second control signal having two states that are indicative
of the power-off and power-up operations, respectively, in
the television receiver, is applied to the control circuit
for controlling the free running frequency of the
cscillator of the control circuit during the power-off

25

30

35
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;30 . Z43 that is coupled to the emtter of transistor 43 det er m nes

the threshol d vol tage of the inverting anplifier t hat incl udes
transistor 43. Anplified error voltage Vf that is devel oped at a
termnal 91, at the collector of transistor 43, is coupled to the
base el ectrode of 35 transi stor 57. wgw After tinme t2, the
begi nning of trace, capacitor 55 begins to charge at a rate

determ ned by the voltage at t he base of transistor 57 of current

source 56. Therexatinje The second control signal causes the freel4-
Vierr] decreag@nitiy i frdguentoeb LhiPeddé! fiforder Td Qcradsat the

conduction of the SCR switch when it operates in the

turned-on unlatched mode. The conduction is increased so

5 that the average current is sufficiently large to enable
replenishing, during each trigger pulse, of all the filter
capacitor charge that was lost during the interval that
elapsed from the end of the immediately preceding trigger
pulse. Because all the lost charge is replenished during

10

each pericd of the trigger pulses, the filter capacitor
voltage will be substantially at the same level at the end
of each trigger pulse. Such level is sufficiently high to
maintain the anode-to-cathode voltage of the SCR switch
sufficiently low for preventing the latching operation of
is the SCR switch throughout the power-off operation. The
result is that, advantageously, the aforementioned
objectionable sound is eliminated.

During power~-up operation, the second control
signal has no effect on the duty cycle of the SCR switch.
On the other hand, during the power-off operation, the
second control signal causes an increase in the duty'cycle
of the first control signal and, in turn, that of the SCR
switch. Without the operation of the second control signal
the duty cycle of the SCR switch might be lower than
25 required to prevent the latching operation.

Some television receivers have signal terminals
for receiving, for example, external video input signals
such as R, G and B input signals, that are to be developed
relative to the common conductor of the receiver. Such

20

30 signal terminals and the receiver common conductor may be
coupled to corresponding signal terminals and common
conductors of external devices, such as, for example, a VCR
or a teletext decocder.

To simplify the coupling of signals between the

35

external devices and the television receiver, the common
conductors of the receiver and of the external devices are
connected together so that all are at the same potential.
The signal lines of each external device are coupled to the
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fime t4. At time t[err], the oscillator transistors regeneratively turn

on, resultlng In gating signal S[err] bei ng coupled to SCR 200 to turn
the SCR on, as illustrated 5 in Fl GURE 3c. Shoul d t he

regulated.B+ voltage at term nal 102d of FIGURE 1 decrease, for
exanple, the inverted feedback voltage V[err] of FIGURE 2 increases
causi ng the base vol tage of transisebe 57 to al so increase. The current
magni t ude of 10 current source 56 increases i ncreasi ng the charge rate
of capaci tor 55. |IIustrated i.n EES 3d and, 3c by

dotted wavef oFHEESARP Eahgnal termi pheoFeggiver. I‘Feﬁﬁé?h Werr]
i s reached atamramngemhent, the ovmmod cgaﬂac&bn:ngfaeach dewiceg tpuﬂseaSS[ err|
at the earliepgi ppé2pd1dvisith rﬁww& 1Ray ber haiapemssyﬁ

et T Sl Tl ol g on o
generate &n omAbh$s supply csvuide sthiptaler@ygilziesatthen de@EEe .. sWwher that is
appl1ed 10 20conflbhVebndBto 4 maiTdi 0 MInIda2C EhEni hGCa OPCT AT ON
of signal on/%F caui sw{g |ng\_§ %éo%enua%.t o thea%g on c5 ct{gde of
transi stor gupRal Rk qts TRk omon n uctor

will not suffer an electrical shock.

Therefore, it may be desirable to isolate the

10 common conductor, or ground, of, for example, the
television receiver, from the potentials of the terminals
of the AC mains supply source that provide power to the
television receiver. Such isolation is typically achieved
by a transformer. The isolated common cohdﬁctor is

15 sometimes referred to as "cold" ground conductor.

In the switching regulator of the power supply of
the invention, the AC mains supply voltage is coupled
directly to a bridge rectifier for producing an unregulated
direct current (DC) input supply voltage that is, for

20 example, referenced to a common conductor, referred to as
"hot" ground, and that is conductively isolated from the
cold ground conductor. As a result, the control circuit,
the B+ supply voltage, the primary winding of the flyback
transformer, the linearity inductance and the deflection

25

winding are also referenced to the hot ground conductor.
On the other hand, a portion of the driver stage that

. controls the switching operation of the deflection circuit
transistor switch is, for example, referenced to the cold
ground conductor. Likewise, an on/off control signal that

30 may be generated by a remote control receiver for
controlling the on/off operation of the receiver may also
be referenced to the cold ground conductor.

A driver transformer of the driver stage couples
a switching, second control signal at the horizontal

35 frequency from the portion of the driver stage, that is
' referenced to the cold ground conductor, to the deflection
circuit transistor switch, that is referenced to the hot

ground. The driver transformer provides the required
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horizontal output stage 99 is disabled and supply voltage V+ is not
generated. Also, retrace pulse V[err] in winding W 25 of transforner T1
i s not generated. Consequently, retrace signal 49 that, in nornal
power - up operation, synchronizes regul ator oscillator 110, is not
generated during the pover -of f opergtion that follows. Because

regul at or oscillator 110 is energized fromvoltage V[err] also during
30 t he power-off operation, regulator oscillator 110 free runs

conti nuously, iaspldeioni bafdrbef Between the hot groundsandethdiadold N a given
I nterval that QHES co

Vel et RS comanccllly| Y ARV ot BhAP e Iy T
mi ni mum r equi r'&d ther dEAYBY| AEaYaL £ FRARAR (the generatien of thegecand t hi s
case, any triggeitrodl ségnalfraeringrcgnal powedonp 6pefatioh, Shed rto t hat
A whep ! g ARILe348- §8h8PEEIon auriif) 'AE-Yowr Br2Poube-oFFulficiently

operation that disables the operation of the deflection

circuit. .

In accordance with another aspect of the
invention, the first control signal, namely the control
10 signal that causes the free-running frequency of the

oscillator of the control circuit to be above the audio

range during the power-off operation, is produced from a

voltage developed in the linearity inductor of the

deflection circuit output stage. The first control signal

15 is produced by an arrangement forming a signal path between
the linearity inductor and the control circuit, which
signal path is referenced to hot ground. Because the signal
path is referenced to hot ground, the need for an
additional hot-cold isolation arrangement for applying the

20

power-up and power-off control information of the on/off

control signal to the control ciréuit is, advantageously,

ocbviated. '
- A television apparatus embodying an aspect of the

invention includes a source of an input signal at a

25 frequency that is related to a deflection frequency. A
deflection circuit output stage, including a deflection
current linearity element that is responsive to the input
signal, generates a first signal in the linearity element
during a power-on operation but not during a power-off

30 operation of the television deflection apparatus. A
povwer-on/povwer-off control signal is produced from the
first signal that exhibits a power-on state during the
power-on operation and a power-off state during the
power-off operation. A utilization circuit of the

35 television apparatus is regponsive to the

power-on/power~off control signal that causes the

utilization circuit to operate in a mode of operation that

corresponds to the level of the control signal.

This is the replacement sheet

"ﬂ@ 2 a SEP %



Jatching operation in SCR 200, will, neverthel ess, cause SCR 200 to
turn on in an unlatched node. In each such period of signal S[err], SCR
200 will be turned on for an interval that is proportional to the pul se
width of the 5 trigger pulse or, for exanple, to interval T2-T3 of FI GURE
4b. The pulse width of each trigger pulskeis constant. It foll ows that
for a given anode-to-cat hode voltage difference in SCR 200 of FIGURE 1,

operating in the turngﬁ-o unl at ched operation, the average val ue of
current 10 i[err] thtBu esﬁﬁﬁﬁﬁ@g1s directly related to the

frequency of the trigg®@IGPREstsillustrates a telewistioar pagsumeupplhy, in the
af or ement i ongheuifihg a pubPle! ¥aluflkess Tl PP el indRRERDAON, Lhe free
runni ng frequency 9 e_tr ge ulses I's so | Qw that .the_average 15
val ue of current i[errFICHRECR 3 g ?{FékﬁﬁléhﬁIQRPqﬁgilﬁércult of the
5 supply regulator of FIGURE 1 that includes an oscillator;
FIGURES 3a-3d illustrate waveforms useful in
explaining the normal power-up operatioh of the circuits of
FIGURE 1 and 2; and
FIGURES 4a-4d illustrate free running operation
of the oscillator of the control circuit of FIGURE 2.
FIGURE 1 illustrates a portion of a television
receiver incorporating a bridge rectifier 101 that
rectifies a mains supply voltage VAc to produce a DC,
unregulated voltage Vyr- An output stage, or switch
regulator 102, that includes a silicon controlled rectifier
(SCR) switch, referred to herein as SCR 200, produces a
regulated voltage B+ that is coupled to a winding Wl of a
flyback transformer Tl. An input terminal 102a of
regulator 102 is coupled to unregulated voltage Vur-
Regulated voltage B+ is developed at an output terminal
1024 of switch regulator 102. Winding W1 of transformer T1
is coupled to the collector electrode of a deflection
switching transistor Q1 of a horizontal circuit output
stage 99 operating at a horizontal rate fH‘ A control
signal H., at the horizontal rate fH' is developed at the
base of transistor Ql, during a power-up operation. Signal
Hr is applied from a control circuit, referred to herein as
a horizontal oscillator and driver 100, that is coupled to
~ the base electrode of transistor Q1. Signal Hr'controls
the switching of transistor Q1 for generating a deflection
current iy in a series arrangement of a deflection winding
Ly, a trace capacitor Cy and a linearity inductor L 1w of
horizontal output stage 99. A retrace voltage V2 is
produced in a conventional manner across a secondary
winding W2 of transformer Tl in each retrace interval of
each horizontal period H. Each retrace interval occurs
immediately after transistor Q1 becomes nonconductive. A
DC, run-mode supply voltage V+, that is, illustratively,

10

15

20

25

30

35
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teri gger pulses is smaller than a load current i[err] in resi stor

Rlerr] Additionally, assunme that the load current i[err] I's supplied
entirely through SCR 200. Therefore, filter ~capacitor C2 woul d

di scharge by load current i[err] until 20 attaining a voltage |evel that
produces a sufficiently . | ar ge anodegto-cat hode vol tage difference in
SCR 200, such as 10 volts, for enabliing the |atching operation.
Thereafter, SCR 200 will be triggered by the next trigger pul se

produced by f w@é wobhsngissprdduwtent byl Getd fyliﬁ? asltaget‘zhé Nh Qper at i on

|1 n e uLren err
\é\nrral I ,OctC ﬁ(ra Lli r§§|3r1 %g@r arran%e%?x%/%llof or&%b g?nlcﬁgsgﬁéh%su‘ﬁ?‘g I ar ge
anode- t o- cathga %98th§elﬁl??¥9¥ﬁﬂx§9Iﬁﬁ?%ﬂ%&bpé§cﬂh§s of th#exegﬁmuyr.

operation in SRC 8hownmytbeprowide tthenf ovittxanRuf, sugply +60tadd |duaa!

Since ret ryacep[wggeﬁ V{, BoeLit g, Not present during the power - of
operation, such Iatc ﬁ f eration, | continue until filter
capacitor C2 is again chf g%@etQF is °°¥¥Rﬂﬁ1M&geatﬁaitageeda&ﬂdqn> or

greater from umclydingetesistorsupply Rl tage RVLCT &b, acfbﬁtﬂﬂl td?ﬁrec%@@ 200
|

;goégr[\ool‘:;t h%%iﬁiﬁi\%?ligg%hgigﬁi |dseq{ae€al ﬁgl %gﬁ’f‘??%?’ént ly large to
per i t nergized during both power-up and

10 power-off operations to provide a feedback voltage VIN at a

terminal 110a. During power-up operation, control circuit

110 generates a signal Sc at the horizontal rate fH and at
a controllable phase that controls the instant, in each
horizontal interval H, in which SCR 200 becomes conductive.
The phase of signal Sc varies in accordance with a
difference between voltage VIN' that is proportional to
voltage B+, and a reference voltage, not shown in FIGURE 1,
that is produced in control circuit 110. The regulation
provided by signal S, causes regulated voltage B+ to be at
a predetermined DC voltage level such as, illustratively,
+129 volts, during power-up operation.

The anode of SCR 200 is coupled to unregulated
voltage Vur via a winding W4 of transformer T1 . The
cathode of SCR 200 is coupled to an end terminal 102c of a
25  filter inductor L2.. Output terminal 102d, the other end

terminal of inductor L2, where regulated voltage B+ is

developed, is coupled to winding W1 of flyback transformer

Ti. A filter capacitor C2 is coupled to output terminal

102d. signal S¢ is coupled via a driver transformer T2 to
30 the gate electrode of SCR 200.

When a leading edge LE of signal S, of FIGURE 1,
having a controllable phase as shown in the waveform of
FIGURE 1, occurs, SCR 200 is triggered and becomes
immediately conductive. During normal power-up operation,

35 leading edge LE occurs at a time tl during a trace
interval of each period H of a voltage V that is
developed across winding W4. During the 1nterval in which
SCR 200 is conductive, a current iL2 in inductor L2, that

15

20
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the next latching operation until the next interval of 160
m |l iseconds has el apsed.

-16-
The | atching operation m ght produce a high anplitude, w de pul se of
current i[err] flowng in SCR 200 and in filter inductor L2 that is
repetitive at a correspondi ng frequgncy of approximately 6Hz. Such wi de
5

current pul ses m ght produce an objectionable sound during power - of f
operation. The objectionable sound m ght be produced due to possible
parasiti c nechangeadapaditar @25 dmcreasesresThe pate hef vinkreasdeses current

in, for exang|ifrent i, is determined by unregulated voltage V., and by
regulated voltage B+.
At the end of horizontal trace, a time t2a' shown

in the waveform of FIGURE 1, a retrace pulse portion of

voltage Vw4 is developed. Voltage Vw4 is developed by

transformer action from voltage VR in retrace capacitor cr’
Retrace pulse V,, in winding W4 is poled in such a manner
as to tend to reverse bias SCR 200 and to reduce the
corresponding currents flowing in inductor L2. As a result
of the negative rate of change of current iL2 in inductor
L2, a voltage developed at end terminal 102c is decreased

until a time ta, of retrace pulse portion RT when a catch

diode D2, that is coupled to end terminal 102c, becomes
15 conductive. The operation of a diode, such as catch diode
D2, is described in detail in U.S. Patent No. 4,163,926,

entitled SWITCH REGULATOR FOR A TELEVISION APPARATUS, in
.the name of D.H. Willis.

10

FIGURE 2 illustrates a detailed schematic diagram
“of regulator osciliator or SCR contrel circuit 110 of
FIGURE 1. Similar numerals and symﬁols in FIGURES 1 and 2
indicate similar items or functions. During normal power-up
operation, control circuit or regulator oscillator 110 of
FIGURE 2 is synchronized by a retrace signal 49 developed
at input terminal 102a of SCR 200 of FIGURE 1 from voltage
Vw4. During shut-down or power-off operation, regulator
oscillator 110 operates continucusly as a free running
oscillator and generates'signal S, as described later on.

Both PNP transistor 53 of FIGURE 2 and NPN
transistor 52 switch states at a rate established by trip
level wvoltages for a control terminal 54. Control terminal
54 is coupled to the emitter of transistor 52 through a
diode 59. A charging capacitor 55, that is coupled to a
regulated +33 volt source, is charged through a

20

25

30

35 controllable current source 56 comprising an NPN transistor

"57 and a resistor 58, coupled in series. The junction of
the capacitor 55 and the collector of transistor $7 form
control terminal 54 that was mentioned before. The +33 volt
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Jdnductor L2. Such sound may be objectionable if it occurs 10 during the
power - of f operation when the user does not expect any sound to cone
fromthe turned-off television receiver. Therefore, it nay be desirable
to prevent filter capacitor C2 from being discharged to a | evel that
enabl es t he undesirable |atching opgregation in the SCR 200, during 15

t he power-off operation. I n accordance with an aspect of the
i nvention, a signal V[err] that is derived froma voltage V[err]

devel oped sourge| igcprpdycedjacresr aa [2anerndipdeURs3 1(sBowppin did.0 a

transistor Q3) eReLak Betaspawéw-\h hand KPdwd S o¥FUBpREatPoR) termnal 110a
of reqgulator oscillato

1 |on folj transpstor causes
vol tage V[err] to be zé?ﬂpgﬁﬂ?'gﬁ %se%?sr@s stzhénar égu%ﬁﬁg‘?ﬂ&ﬁ‘gnal
Slerr], durirtpgethegoder aolatching operandenent.o That iaxinhe1oaaln§tdn1 a
e e
i ncrease in %.q§rm1na |ﬁ€r§§§85fﬁt°? %%ugﬂﬁggéﬁ ﬂgigFFﬁﬁ $ fR#Ees to
enabl e rtﬁ#ﬂﬂn&ﬂnmﬁgxxdnsmﬁgoeaﬁa isicoupleslitee thef bake fhputhar ge
in filter capgghiifaiCod ¥an¥3stbess3dubbtl tthd tdriiknereby forming

a regenerative latch.

10 Under continuous free-running oscillator

conditions of regulator oscillator 110, that occur during
power-off operation, as explained later on, when transistor
52 becomes conductive, current is drawn from the +33 volt
source to the collector of transistor 52 through resistors
15 60 and 61, thereby turning on transistor 53. Part of the
collector current of transistor 53 is then coupled to the
base of transistor 52 through a resistor 62, thereby
regeneratively turning on both transistors into saturated
conduction. Similarly, when transistor 52 becomes

20 nonconductive, both transistors regeneratively turn off.
Operation of regulator oscillator 110 for one
free-runing cycle will now be described. Consider an
interval during which transistors 52 and 53 are
nonconducting. The voltage at the base of the transistor 52
25

is determined by the resistance values of a voltage divider
comprising resistor 63 in series with the parallel
combination of resistors 64 and 62. In order for
transistor 52 to become conductive, voltage Vg, must
decrease below a lower trip voltage VL' which is two diode
30 drops below the voltage at the base of transistor 52.

Should voltage Vg, at terminal 54 decrease below level Vi

transistors 52 and 53 would regeneratively turn on.

When both transistors 52 and 53 are conductive,

the voltage divider ratio changes. With transistor 53 in
35 saturated conduction, resistor 63, rather than resistor 64,
is now effectively paralleled by resistor 62, developing a
new, more positive base voltage for transistor 52, and
establishing an upper level trip voltage'vE for control
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30 that el apsed fromthe imedi ately preceding trigger pulse
'signal S[err]. Because all the charge |ost
period of the trigger pulses, voltage B+ in
be mai ntai ned substantially at the
trigger pulse. Such level of 35
mai ntain the .

of
I s repl eni shed during each
filter capacitor C2 wll
same |l evel at the end of each
vol tagelB+ is sufficiently high to

anode-t o-cat hode vol tage of SCR 200 sufficiently |ow for
preventing the |atchi operation of the SCR switch from

t hr oughout th%ﬁ?ﬁ%&ﬁlzga-(ﬁﬁﬂ“&@i&ﬁthHG Vesuat terminal 54 increase

-17- i s abee Belelntvpgearangistbesabar angnsd ovsil o heeneratively

sound is eIinLQgﬁqgffgs explained in detail in US Patent

FIGURES 4a and 4b illustrate idealized waveforms .

for voltage V54 at control terminal 54 and the collector
voltage of oscillator transistor 53 during continuous
free-running operation of regulator oscillator 110 that
occurs during power-off operation of the power subply.
During power-off operation, regulator oscillator 110 of
FIGURE 1 is energized but horizontal output stage 99 is
disabled. Consider voltage Vgq Of FIGURE 2 during the
interval, beginning somewhat after time Tl. Transistors 52
and 53 are turned off, and capacitor 55 is charging from
the +33 volt source at a constant rate determined by the
base voltage of transitor 57 of controllable current source
56. The voltage at terminal 54 is thus a decreasing

. sawtooth. At time T2' voltage V54 has decreased to its

lower trip voltage level VL' causing transistors 52 and 53
to regeneratively turn on.

10

15

20 The collector of transistor 53 is coupled to one

of output terminals B-B through a diode 65. A primary
winding T2a of transformer T2 of FIGURE 1 is coupled
between terminals B-B. A discharge path of capacitor 55
comprises the terminal of capacitor 55 coupled to the +33
volt source, the emitter-collector path of transistor 53,
diode 65, winding T2a coupled across terminals B-B, and the
other terminal of capacitor 55. To prevent current source
56 from undesirably charging capacitor 55 during the
capacitor discharging interval; the collector of transistor
53 is coupled to the emitter of transistor 57 through a
resistor 77. wWhen transistor 53 conducts, transistor 57 is

cut off, disabling current source 56 during the discharge
interval.

25

30

As illustrated in FIGURE 4a, beginning at time

Tz; voltage Vsa at terminal 54 comprises an increasing
sawtooth. At time T3, voltage V

35

54 has increased to its
upper trip voltage level VH' Transistors 52 and 53
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4,866, 525 entitled, A Television Apparatus Power Supply
Sept enber 1989 to Rodriguez-Cavazos et al. 5 Duri ng power-up
operation, signal V121 causes transi stor 2 to be non-conductive, so as
to have no effect on the switching of the SCR 200. On the other hand,
during -~ the power-off operation, the_ﬁ9§ence of signal V121 causes
transistor @2 to conduct, which increases the frequency of 10 si gnal
S[err] and, in turn, the conduction of SCR 200. The way signal V121
i s produced aregeneratdorkliys thrn-bEf, candatiiedthext cladging cycle

During normaly, -up operation, AC voltage VLI N at the frequency

flerr] is deve ped in |linearity inductor LLIN. A capacitqgr Cl2la and
a resistor R121 form a Aerfieresenteg, PXnEh%n‘Emt]ﬂ%&'t‘?”s vdd®9edofn parall el

mnth_lnductortttméistor $8\d itllats thatednénr FIGURE 4b), idudtiticorthel | N. During a

ortion otp Ch2la,j.s n
Iroet race puI se %? vo:ft age %f%%atl Etz i Aé g*r%dog sgc%éyﬁla lgo%l?&)lb\igdgf% °
portion, as tREIRERFAELTRALAEW W CafRut FrrBiRateS-B Lo MF’FLQF
capaci tor Cl2gatindatursent readsummrangetie pegdlatsdr SCR ZVMFAFIGEREUl Sse
voltage of a Q'pfh@raétﬂgfjtfﬂé”ﬁﬂdﬁﬂ o% 1nter9§ihfd3r°fof‘é*dﬂaisD£%14Lhat

i s coupl ed between_resris
P is relatlvely unlmportant provided sufflclent SCR gating

current of a sufficient duration is coupled to SRC 200 of
FIGURE 1 to turn it on.

In normal power-up operation, regulator
oscillator 110 is not left continuously free-running as in
povwer-off erration but is synchronized with horizontal
deflection. The charging rate of capacitor 55 of FIGURE 2
is varied depending upon the magnitude of the feedback
voltage Vf coupled to a fgedback terminal 101 for varying

the turn-on instant and conduction angle of SCR 200 of
FIGURE 1. '

i ssued 12

10

15

20 FIGURES 3a-3d illustrate waveforms useful for

explaining normal power-up operation of control circuit 110
of FIGURES 1 and 2. Similar numerals and symbols in FIGURES
1, 2 and 3a-3d indicate similar items or functions.

At the beginning of the retrace interval at time
tl of FIGURES 3a, negative going retrace pulse 49 of FIGURE
2 is coupled from input terminal 102a to the base electrode
of transistor 53 through a resistor 149 and a capacitor 150
that causes transistor 53 to become conductive. Therefore,

capacitor 55 becomes immediately afterward substantially
30 discharged.

25

After time tz, the beglnnlng of trace, capacitor
55 begins to charge at a rate determined by the voltage at
the base of transistor 57 of current source 56. Voltage V54
decreases until lower trip voltage Vi, is reached at time
35 t4. At time t4, the oscillator transistors regeneratively
turn on, resulting in a gating signal sc(z) being generated

and coupled to SCR 200 to turn on the SCR, as illustrated
in FIGURE 3c.
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R121 and capacitor Cl2la. D ode D121 and a filter capacitor 25 Cl21b form

a negative peak detector 121 that produces signal V[err]. The | oading
ef fect of detector 121 on inductor LLIN is, advantageously,
- substantially insignificant. Therefore, detector 121 substantially

does not affect deflection currente1%kgnal V[err], that is negative -
during 30 power-up operation, is produced at the anode of diode D121

and is coupled through _a resistor Rl22a to the base of | transi stor Q.
A protection di ode D12Regydgtey perihddiaterelll thenpcontdmuesndnesitter

el ectrodes of freermirating @dder andnt as illusthetQGanEEmGURﬂ'3ﬁevegserum|tage
in transistor d e Moo Pysy lﬁﬂﬂ%, di ode D122
In accordancec%% -;a%se(%t%lﬁgee ??%?%Ies Pﬁ%eﬁf%g’%y@égoyg nega <

I've signal V[err]

causes transi SYRFENIZing: retrace, prdsedao: i6cconplrd Hutaiminal 362

oper ati on5 Onathtime tg. In this way, the free-running mode, unlike in

the power-off operation, is interrupted by synchronizing
retrace pulse 49. Thus, as illustrated in FIGURE 3¢, in the
subsequent free-running mode after time t,, and prior to
the next retrace pulse 49, another SCR 200 gating signal S
may be coupled to the SCR. The number of additional gating
signals will depend upon such factors as the position of
the turn-on instant t, within the horizontal trace interval
and the charging and discharging rates established for
capacitor 55. Such additional turn-on gating signals are of
relatively little consequence, since the SCR remains in a
conductive'state as long as the current through the SCR is
above its holding current level.

To provide regulation, the turn-on instant t, is
varied within the trace interval by varying the charge rate
of capacitor 55 through a varying voltage at the base of
transistor 57. Transistor 57 base voltage is the
proportioned value of feedback voltage Vf coupled to the

base of transistor 57 through a voltage divider comprising
resistors 70 and 71.

r-up

10

15

.20

25 An error ampiifying transistor 43 has a base

electrode that is coupled to feedback signal Vyy that is
representative of voltage B+ via an input resistor 43a.
Collector load resistors 43b, 70 and 71 form a load
resistance at the collector of transistor 43. A zener diode
Z43 that is coupled to the emitter of transistor 43
determines the threshold voltage of the inverting amplifier
that includes transistor 43. Amplified error voltage Ve
that is developed at a terminal 91, at the collector of

transistor 43, is coupled to the base electrode of
35 transistor 57.

30

After time t2, the beginning of trace, capacitor
55 begins to charge at a rate determined by the voltage at
the base of transistor 57 of current source 56. The voltage
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ot her. hand, throughout- power-off operation, negative signal Vlerr] is
not generated and a resistor R122b that is coupl ed bet ween the +33 volt
supply and the base of transistor @ causes transistor @@ to be
conductive. Transistor 2 of 5 FIGURE 1 operates as a conductive switch

t hr oughout the power - of f operation gfg_as a nonconductive switch

t hroughout the normal power-up operation."The coll ector of t ransi st or
@ is coupled to input termnal 110a of control circuit 110 where

vol tage VIN iy, deget ppssesinthiddusae iGwexrotiggevoitddd w0 ike reacheduntng

power - of f ope L op. or t d e vol t age V54 of
pouer oL OPeLREO.. g SR o Snel REcATAGERE EPTOR e | 20C
pernitted to E8feRsrativel2airmonoresydting durgabingsignalyugnyof f

operation. Thbelifgutbupbed ed STR200 to tavht tAd0SCR on, as illustrated
5 in FIGURE 3c.

should the regulated B+ voltage at terminal 1024
of FIGURE 1 decrease, for example, the inverted feedback
voltage Vf of FIGURE 2 increases causing the base voltage
of transistor 57 to also increase. The current magnitude of
current source 56 increases, increasing the charge rate of
capacitor 55. As illustrated in FIGURES 3d and 3c by the
dotted waveforms Vg, and sc(l)' the lower trip voltage
level Vi is reached at an earlier instant ts, generating a
gating pulse sc(l) at the earlier instant ty, as required
15 for proper regulation.

A user initiated command to enable shut-down or
power-off operation of the television receiver causes
- remote receiver 120 of FIGURE 1 to generate an on/off

control signal ON/OFF at an “OFF" state that is applied to
20 driver 100. After power-off command occurs, the operation
of signal on/off causes switching signal H, at the base
electrode of transistor Q1 to be removed. Therefore,
horizontal output stage 99 is disabled and supply voltage
V+ is not genérated. Also, retrace pulse V., in winding w4

10

25 of transformer Tl is not generated. Consequently, retrace
signal 49 that, in normal power-up operation, synchronizes
regulator oscillator 110, is not generated during the
power-off operation that follows. Because regulator
oscillator 110 is energized from voltage Vyr also during

30

the power-off operation, regulator oscillator 110 free runs
continuously, as described before.

Assume that, in a given interval that occurs
during the power-off operation, the magnitude of the
anode-to-cathode voltage of SCR 200 is smaller that the
35 minimum required for enabling latching operation in SCR
200. In this case, any trigger pulse of free running
control signal sc that occurs when the anode-to~-cathode
voltage of SCR 200 is insufficiently large to enable
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.15 wll produce signal Sc of FIGURE 1 at a free-running
that is at the maxi num Therefore, as expl ai ned
af orenenti oned obj ectionable sound is

frequency
before, the

el im nated. Had voltage B+ been

permtted to control the | evel of voltage V[err] during the power-off
operation, the 20 frequency of signal-fY-err] m ght have been at a m ni num
during at least a portion of each of the aforenentioned 160

mlisecond intervals. ulator. oscillator 110, transistor
@, | i ﬂ@émlylg ReRgEeLier L %FRs%?Qcm ulgverthgdeqsd cause

linearity |rKBﬂR(ZOOLkbrthrareneanhaneﬁnlatﬁhﬁhtmbdh commpeach suchround

duct it | | | t
L e s A Y S W g e 2
the ot her han’eFl At Broportippad %rtﬁ?@‘&ﬁf h@ﬁ%ﬁ@aﬂ@sm | | at or

and drives 106ri¢gefﬂbulshhertembrlexamplecetdeintérvéﬁ @ ft IGURRMDN

gr ound £/N ' C 4?§g ground
conduct or HG and%a%qls%%rg‘lerre Q%g”g&:%&é&-c%ﬂa&gei% J(? @tggtt Eﬁductor
CG - The conduf®llews shat ifaF @emé'eﬁl fRedeotospathode valtadeol d ground
conduct ors i sdpEfergndes hiatl SCR 200 of IPIGURE 1¢neperatity rieimine recei ver 120

and driver 10Q,1h0818h unlatched operation, the average value of current

10 1SCR200 through SCR 200 is directly related to the
frequency of the trigger pulses.

Further assume that, in the aforementioned given
interval during the power-off operation, the free running
frequency of the trigger pulses is so low that the average

15

value of current isCRZOO in SCR 200 in each period of the

trigger pulses is smaller than a load current iL in

resistor Rgq- Additionally, assume that the load current lL

is supplied entirely through SCR 200. Therefore, filter

capacitor €2 would discharge by load current iL until

20 attaining a voltage level that produces a sufficiently

large anode~to-cathode voltage difference in SCR 200, such
as 10 volts, for enabling the latching operation.
Thereafter, SCR 200 will be triggered by the next trigger
pulse produced by free running oscillator 110 and the

25 latching operation will occur in SCR 200.

. Because load current i;, is small, the discharge
interval for obtaining such sufficiently large
anode~to-cathode voltage difference that enables the
latching operation in SRC 200 may be equal to, for example,

30 160 milliseconds. Since retrace pulses Vw4 are not present
during the power-off operation, such latching operation
will continue until filter capacitor C2 is again charged to
‘a voltage that is equal to or greater from unregulated
supply voltage VUR' causing the SCR 200 to turn off. At the

35

end of each such latching operation, the anode-to-cathode
voltage of SCR 200 is again insufficiently large to permit

the next latching operation until the next interval of 160
milliseconds has elapsed.
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vol tage 78 produced in a conventional manner that is
I sol ated from hot ground conductor HG Voltage _
-19- 78 is produced during both the power-off and the power-up

oper at i ons. In accordance with another aspect of the

i nvention, signal V121 that is applied s egulator 5 oscili{ator 110 and
to regulator switch 102 through transistor 2 is generated fromvoltage
VLI N devel oped across inductor LLIN via a signal path that is

ref er enced to hot Fheuhatebingcopsraidonrimighitgpabdpaehaimbghides
amplitude, wide pulse of current 1SCR200 flowing in SCR 200
and in filter inductor L2 that is repetitive at a

corresponding frequency of approximately 6Hz. Such wide

conductively

5 current pulses might produce an objectionable sound during
power-off operation. The objectionable sound might be
produced due to possible parasitic mechanical vibrations as
a result of the wide pulses current in, for example,
inductor L2. Such sound may be objectionable if it occurs

10

during the power-off operation when the user does not
expect any sound to come from the turned-off television
receiver. Therefore, it may be desirable to prevent filter
capacitor €2 from being discharged to a level that enables
the undesirable latching operation in the SCR 200, during
15 the power-off operation.
In accordance with an aspect of the invention, a
.signal.V121 that is derived from a voltage VLIN developed
in linearity inductance LN of FIGURE 1 is applied to a
transistor Q2, operating as a switch, that is coupled to
20  terminal 1l0a of regulator oscillator 110. Conduction of
transistor Q2 causes voltage VIN to be zero, which
increases the frequency of signal S . during the power-off

operatlon, to the maximum value, 1n a manner that is
described later on.

The absence of signal V;,, causes the free
running frequency of signal S, to increase in order to
increase the frequency of the trigger pulses to enable
replenishing, during each trigger pulse, of all the charge
in filter capacitor C2 that was lost during the interval
that elapsed from the immediately preceding trigger pulse
of signal So+ Because all the charge lost is replenished
during each periocd of the trigger pulses, voltage B+ in
filter capacitor C2 will be maintained substantially at the
same level at the end of each trigger pulse. Such level of
voltage B+ is sufficiently high to maintain the
anode~-to-cathode voltage of SCR 200 sufficiently low for
preventing the latching operation of the SCR switch from
occurring throughout the power-off operation. The result

25
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capacitor Cl2la and detector 121 that are, each 10 conductively coupled

to hot ground conductor HG Signal V[err] that is referenced to hot
ground conduct or HG has two 121 | evel s that correspond to the
"OFF" state and to an "ON' stat e, iipectively, of on/off control
si gnal ON OFF t hat is referenced t5+€06l d ground conductor CG The

" power -up” 15 state of signal V121 is obtained fromhorizontal rate
s .[ gnai Hr thaislﬁwenem;a&@hsy@daswl el BgoPeMeAt iBned obﬁ@aﬁﬂam Si gnal
err

is a transftoymer, coupled. si acr SS th
hot - col d barr?%?néo}ﬁmﬁﬂ té% &ﬁépe?BlnlﬁeFﬁ+t J’ ! Pate
advant ageousl 4,866/ %2% Qﬂ:ltlmht rﬁoﬂwshom\mmﬁratua@wm Supplyansi st or

Q@ via t 138abQr 1B sdpduliir Y aaon&ogﬁg QE-&RszQé”ét 1.
Transfornmgr T3 is the sane, transforner use oh sgg@xlng signal H to
’ 12

defl ectiof switch trans?eFiR9 @OVersUR CrRRffent |y,
the need for &mandilstoorn@? mrhminorﬂ-&:omhioa:m Bor aappbyhave the ¢ffectt at es
of on/off conpgpOkhe swiftli¥ 6?Véﬁg:§ﬁﬁ“¥ﬁ% SUSh drPR&Ad STqdrSing

obvi at ed. Advant ag egg Qgéﬁ Iractlngﬁéﬁf on/gﬁ% |g?ornat|on rom
e

vol tage VLIN F?ea888ﬁﬁr? ﬁfqgfp cFifgal V,,; causes

transistor Q2 to conduct, which increases the frequency of
10 signal S¢ and, in turn, the conduction of SCR 200. The way
signal Vi21 is produced and utilized is further explained
below.
During normal power~up operation, AC voltage VLIN
at the frequency fH is developed in linearity inductor
15 Lyin- A capacitor Cl2la and a resistor R121 form a series
arrangment that is coupled in parallel with inductor LN
and that dampens ringing in inductor Lrine During a portion
of retrace, capacitor Cl2la is charged by a positive going
retrace pulse of voltage VLIN‘ At the end of such retrace
pulse portion, as the retrace pulse of voltage V. LIN becomes
smaller, capacitor Cl2la, that is already cha;ged, produces
a negative pulse voltage of a bipolar signal Vis1a 8t 2
cathode of a diode D121 that is coupled between resistor
R121 and capacitor Cl2la. Diode D121 and a filter capacitor
25 Cl1l21b form a negative peak detector 121 that prqduces
signal V121‘ The loading'effect of detector 121 on inductor
LLIN' is, advantageously, substantially insignificant.
Therefore, detector 121 substantially does not affect
deflection current. Signal V,,,, that is negative during
30 power-up operation, is produced at the anode of diode D121
and is coupled through a resistor Rl22a to the base of
transistor Q2. A protection diode D122 coupled between the
base and the emitter electrodes of transistor Q2 prevents
the base-enmitter reverse voltage in transistor Q2 from
35 exceeding the forward voltage of dicde D122.
In accordance with a feature of the invention,
negative signal V121 causes transistor Q2 to be
nonconductive throughout normal power-up operation. On the

20
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deflection current if[err] - 20-
* WHAT IS CLAIMED | S: 1. Atelevision apparatus, conprising:
a source (100,120) of an input signal (Herr]) at a frequency that is
related to a deflection frequency; 5 a deflection circuit
out put stage (99), including a deflection current linearity el ement
(L[err]), responsive to said input signal for generating a first
signal (VLIN) in said linearity ed8ent (LLIN) during a power-on
operation but not during a power-off operation of said

other hand, throughout power-off operation, negative signal
Vio1 is not generated and a resistor R122b that is coupled
between the +33 volt supply and the base of transistor Q2
causes transistor Q2 to be conductive. Transistor Q2 of
FIGURE 1 operates as a conductive switch throughout the
power=off operation and as a nonconductive switch
throughout the normal power-up operation. The collector of
transistor Q2 is coupled to input terminal 110a of control
circuit 110 where voltage Viy is developed and causes
voltage Vin to be zero during power-off operation.
Therefore, the rate of change of voltage V54 of FIGURE 2
becomes substantially higher than if voltage B+ were
permitted to control the level of voltage VIN during the
power-off operation. The result is that control circuit 110
will produce signal S¢ of FIGURE 1 at a free-~running
frequency that is at the maximum. Therefore, as explained
before, the aforementioned objectionable sound is

10

15

eliminated. Had voltage B+ been permitted to control the
level of voltage VIN during the power-off operation, the
frequency of signal S might have been at a minimum during

at least a portion of each of the aforementioned 160
milisecond intervals.

20

Regulator oscillator 110, transistor Q2,

linearity inductance LLIN; switch regulator 102 and

linearity inductor L, .. are each referenced to a common
ground conductor HG that is conductively coupled to mains
supply voltage th and that is referred to herein as hot
ground conductor HG. On the other hand, each of remote
receiver 120 and horizontal oscillator and driver 100 of
the television receiver is referenced to a common ground
conductor CG that is conductively isolated from hot ground
conductor HG and that is referred to herein as cold ground
conductor CG. The conductive isolation between the hot and
the cold ground conductors is accomplished, in part, by
energizing remote receiver 120 and driver 100 from a
voltage 78 produced in a conventional manner that is
conductively isolated from hot ground conductor HG. Voltage

25
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10 - television apparatus; characterized by means (121)
coupled to said linearity el enent _ (L[err]) and responsive to said
first signal (V[err]) for produci ng a power-on/ power-off control
signal (V[err]) that exhibits a power-on state during said power-on
operation 15 and a power-off state durki9my said power-off operation; and
a utilization circuit (@) of said television apparatus responsive to

id - - of ' I [ d
i i vat on Ao ot proeyreRobifing potd B pdubioes ahdTLuElaREr A
corresponds topersitdong. state of said control signal.

tel evision apparatus fqn @eeekahh8d With anPer -diperaver- eht control
signal (V121),

, ri.sing: . . [ LSt n or generating
a first si gnallm%%rmon(’oglgﬁt’ha 10?’1@0)‘“%? %sfééeé]uleenc-y E’a“%}’?g@;& ated to a 25
defl ecti dh f raafiidd@toriddiongngd sowsegupatperanitah 0% dhgough tel evision

gpparatus, butraitdistor Q2 dspaeneratbdopesmtveltage ﬂﬂﬁyiayvhlogbaracterized
(%r i mary) t ha?czl‘%sselcfehcqﬁlrdleg% @?Qﬁﬁ%ﬁ%ﬁ%@?oﬁﬁ {slglr%mf i r ;si Il%%& re.mszfegjnal
(out put of 1069, hok iFraunsh condusteorcHEri cEhespb@hal path includes
capacitor Cl2la and detector 121 that are, each
10 conductively coupled to hot ground conductor HG. Signal
V121 that is referenced to hot ground conductor HG has two
levels that correspond to the “OFF" state and to an "ONY
state, respectively, of on/off control signal ON/OFF that
is referenced to cold ground conductor CG. The “power-up¥
15 state of signal V121 is obtained from horizontal rate
signal Hr that is generated only during the power-up ,
operation. Signal H. is a transformer coupled signal that
is coupled across the hot~cold barrier formed by
transformer T3. In this way, advantageously, on/off
20 control signal ON/OFF is applied to transistor Q2 via
i transformer T3 that maintains the hot-cold barrier.
Transformer T3 is the same transformer used for supplying
signal H_to deflection switch transistor Q1, as described
before. Consequently, the need for an additional circuit
25 element for applying the two states of on/off control
siénal ON/OFF across such hot-cold barrier is obviated.
Advantagecusly, extracting the on/off information from

voltage VLIN is accomplished without adversely affecting

deflection current iy

2. A
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hazar d | second portion (secondary) that is

el ectri mﬂwl B,H@B% ﬂ'om said first signal wth respect to

el ectrica i sol ation, for coupling said first signal to
said second portion to develop in said 35 second portion a second signal

(Herr]) that is electrically isol;}ed fromsaid first signal (output
of 100) such that sai d second sign (Herr]) is generated during
sai d power-up operation but not during said power-off operation;

-21- WHAT ISaCURfMEDtis$n switch (Ql) coupled to and

1. A television apparatus, comprising:
a source (100,120) of an input signal (Hr) at a
frequency that is related to a deflection frequency; '
a deflection circuit output stage (99), including
a deflection current linearity element (LLIN)' responsive
to said input signal for generating a first signal (VLIN)
in said linearity element (LLIN) during a power-on
operation but not during a power-off operation of said
10 television apparatus; characterized by
means (121) coupled to said linearity element
(LLIN) and responsive to said first signal (VLIN) for
producing a power-on/power-off control signal (vlzl) that
exhibits a power-on state during said power-on operation
15 and a power-off state during said power-off operation; and
a utilization circuit (Q2) of said television
apparatus responsive to said power-on/power-off control
signal (V121’ that causes said utilization circuit (Q2) to
operate in a mode of operation that corresponds to said
20 state of said control signal.
2. A television apparatus for generating a
povwer-up/power-off control signal (V121), compr1s1ng
first means (100) for generating a first s1gnal
(output of 100) at a frequency that is related to a
deflection frequency, during a power-up operation of said
television apparatus, but not during a power-off operation
thereof; characterized by
coupling means (T3) having a first portion
(primary) that is electrically nonisolated from said first
signal (output of 100), with respect to electrical shock
hazard isolation, and a second portion (secondary) that is
electrically isolated from said first signal with respect
to electrical shock hazard isolation, for coupling said
first signal to said second portion to develop in said
second portion a second signal (Hr) that is electrically
isolated from said first signal (output of 100} such that
said second signal (Br) is generated during said power-up
operation but not during said power-off operation;

25
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,el~e\c\'t\r“|‘c‘arl~|-y\nonL§Q_! ated from said second portion (secondary) of said

co m] s (T3) and being switched I n response to said second

Si j "@{Wm{]j )ﬂw ng said power-up 5 operation but not during said
power - of Tt for generating a deflection current (i[err]) in a
defl ection wi iding (L[err]) during said power-up operation;

third means (121) responsive to said segond signal (Herr]) and
electrically nonisolated fromsaid secofd 10 portion (secondary) of said
coupling means (T3) for generating said power-up/power-o]f control
signal (V[err]) t flade fectiont revdtidhy (Q19| ebaglédotosand first signal
(output of 18Gkotbdchitey hénidoPetllYroid Widl SeLBRAhbYElon 8 |ong as
sai d second sgg%aldaHr |g gagg‘gqurate 5 uring saLd power-up
operation andSEFQRAALY) oL SRLA CRling means (T3).pps Beinggwitched g
second si gnalin @epponsaeoto said bedcond esigratled B dugingi dapdvowear-fup
operatiorg a i i %EEL Leall ¥.4. 50l at ed
from & sair%%‘riart lfnsPuﬁa oioﬁi?rﬁzﬁﬁoéi%ggo or b,g? rk’g’%rﬁ‘ggg*‘;? 20 during
both power - uﬁ%%&ﬂ@r-oﬁ?f ﬁ%**g?‘i‘o?&r¥?ﬁfgeﬂgr)at’@ a defigctien| | at or

signal (9] er Minddmg (& _Hodhripgrasidnsowernup operatdomn;l ator (110) being
responsive to and elec%zﬁﬁﬁlhgans (121) responsive to said second
signal (Hr) and electrically nonisolated from said second
portion (secondary) of said coupling means (T3) for
‘generating said power-up/power-off control signal (Vlzl)
that is electrically isclated from said first signal
(output of 100) and that is in a power-up state (negative)
as long as said second signal (Hr) is being generated
during said power=-up operation and that is in a power-off
state (zero) as long as said second signai (Hr) is not
being generated during said power-off operation; and

an oscillator (110) electrically isolated from
said first signai (output of 100) for being energized
during both power-up and power-off operations to generate
an oscillator signal (sc) during both operations, said
oscillator (110) being responsive to and electrically
nonisolatgd from said control signal (V121) and being
placed in a power-up mode of operation when said control
signal (Vlzl) is in said power-up state (negative) and
being placed in a power-off mode of operation when said
control signal is in said power-off state (zero).

3. . A television apparatus according to Claim 2
characterized in that said oscillator (110) is

electrically nonisolated from an input AC main supply

voltage (VAC)‘

4. A television apparatus according to Claim 3
characterized by a linearity inductance (LLIN) wherein said
third means (121) is responsive to a signal (VLIN) that is
developed in said linearity inductance (LLIN) for
generating a first level (negative) of said
pover~on/power-off control signal (Vlzl) when the switching
in said deflection switch (Ql) occurs and a second level

10
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nonisiu d—??onTgéid control signal (V[err]) and being placed in a

power uﬂm tion when said control 25 signal (V[err]) is in
said ; anegative) and bei ng placed in a power-off node
of operation when?®satd control signal is in said power-off state
(zero).

3. Atelevision apparatus according to Claim?2
characterized in that said oscillator ¢2%20) is 30 electrically

noni sol ated froman input AC main supply vol tage (Verr]).

4. A tel evisi pReAPPaFY SAE Gi%icd _ogeemén in safd dBliiprd by a
linearity |nduct€ ce‘éﬁ_u, a[equé{er& ai third neans (12 IS
responsi-ve toS%4t aﬁn Y g gt s 35 developed in said linearity

i nductance (LLIN) for 5. Adelevision apparatusezetoXdizgnttio/€ladh gaid
power - on/ powegnhaffcEQPLZ&d ﬁigﬁ?ddt iy ﬁ%r@ﬁafﬁge(fﬂf Lifkises a | N SaId
defl ection smntcg é%%% occurs and a second |eve

This is tRe r BFRACERERF Sheet _ .

6. A television apparatus according to Claim S
characterized by an R~C network (R121,Cl2la) coupled
between said linearity inductance (LLIN) and said detector
(121) for generating a bipolar signal (Vlzla) that is

10 coupled to an input terminal of said detector (121).

7. A television apparatus according to Claim 12
characterized by a regulator switch (200) for coupling an
input supply voltage (VUR) to a load, during a portion of a
given periodic interval that is determined in accordance

15 with said first signal (output of 100) to generate an
output supply voltage (B+) at a level that varies in
accordarnice with said oscillator signal (sc), wherein said
oscillator (110) comprises a regulator oscillator that is
energized during both said power-up operation and during

20 said power-off operation for generating said oscillator
signal (sc) during both said power-up and said power-off
operations such that during said power-up operation said
switching signal (Sc) varies in accordance with a feedback
signal (Vin)'that is representative of said output supply

25

voltage (B+) that, in turn, causes a duty cycle of said
regulator switch (200) to vary in a negative feedback loop
manner for regulating said output supply voltage (B+),
wherein said powgr-up/power-off.control signal (V121) is
coupled in said feedback loop for controlling the frequency
30 of said oscillator Signal_(sc) during said power-off
operation in a manner that does not affect the frequency of
said first signal (cutput of 100) during said power-up
operation.

8. A television apparatus according to Claim 7
characterized in that said coupling means (T3) forms a
hot-cold barrier isolation that electrically isolates said
first signal (output of 100) from said deflection switch
(Ql), wherein said third means (121) and said regulator

35

Thwisthérepmcementsheet

Date: 2 § StP 5%



.-22-

——{ZerQ) wnel switch.
(Q sabl ed. T . A television apparatus according to
c ai mJB‘@!j[” '"”;ﬂmﬁ" ed in that said third neans (121) conprises a 5
peak ‘f 6. A television apparatus according to C aim
character! zed By an R-C network (R121, Cl2l1a) coupl ed bet ween sai d

I|near|ty I nductance (LLIN) and said d ect or (121) for generating a
bi pol ar signal (V[err]) that is 10 pled to an input terninal of said

detector (121). 7. A teIeV|S|on apparatus according to Caim
12 charestiklatar K119 ) diprimaposigniaichatBOthat ois dmtEipegesn

i nput suppl yp¥ehéélsdid Feduldtor? svdddn (¥bbYJafdaPeiid Weflection

switch (Q1), said signal path beirg electrically isolated
from said.first'signal (output of 100) and electrically
nonisolated from said second portion (secondary) of said
coupling means (T3).

9. A switch mode power supply of a television
apparatus, comprising:
a source (1l0l1) of an input supply voltage (V. ),
a filter capacitor (C2) for developing thereln an
output supply voltage (B+);
a load (99) coupled to said filter capacitor (C2)

for producing a lcad current from a charge that is stored
in said filter capacitor (C2);

10

15 means (110) for generating a periodic switching

first control signal (sc) during both power-on and
power-off modes of operation of said power supply:;

a regulator switch (200) having said periodic.
switching first control signal (sc) coupled to a control
terminal (gate) thereof and having a main current
conducting input terminal (102a) coupléd to said input
supply voltage (V ) and a main current conducting output
terminal (102c) coupled to said filter capacitor (C2) for
producing a switching current (1SCR200) in said regulator
switch (200), during both power-on and power-off modes of
operation, that is coupled to said filter capacitor (C2) to
develop from said switching current (iLz) an output supply
voltage (B+) in said filter capacitor (C2), said regulator
switch (200) being capable of operating in a periodic
latched conductive state when said first control signal is
developed, provided that a first voltage (at 102c),
developed at said regulator switch output terminal (102c)
and coupled from said filter capacitor (C2), is at a level
that is within a first range of values; characterized by

means (121) for generating a power-on/power-off
control signal (V121) that is coupled to a control terminal
(110a) of said first control signal generating means (110)
for changing said first control signal (8.), during said

20
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gi ven periodi c interval-that is determ ned in accordance 15 wth said
first 5m 100) to generate an out put supply vol tage (B+)
at a | ,léﬂ'} Hg] accordance with said oscillator signal

([ err] Wheér ewn s oscillator (110) conprises a regulator

oscillator that is energi zed during both said power-up operation and
during 20 said power-off operation for-2Zfenerating said oscillator

signal (S[err]) during both said power-up and said power - of f

oper ati ons such that owes - up eration sai swi t chi ng
signal (S[err®° 5%“ ggcegrﬁ%%é%t%ﬁ’ffh Péé’&ﬂ&&ksalg Sg?‘ﬁﬂh’rn‘-’(V[err])

that is represnxmh/d

P pd dotpaid scepidatzlr switkcha§20Q B+juxing , in
negai 1 ve T oStk Fag ¥ nagalor (et e ety 1
vol t age (B+), said f\%fﬁ%tevﬁl§§38 gﬁﬁe?%%‘b?%cﬂl\%’e s gﬁtFBF sFReTF Q(/[err])
i's cosipl edaluess dind ordedb ok prevent osaid ntegullatog slwétChe(Z@Oryfdm  of
sai d oscill at dpeidiidlg (9 @ LhkcHEEl agnéeée&wwaﬁa‘ fthﬁo%.\ghog{?eéé‘idon ina
manner t hat does notqéfect he frequency o al 'rst signal
(out put of 100°YRET %eﬁa%&\ﬂ&r-up operatlon. 8. A

t el evi si on appar at us acddr.didnpowerCsupply according to Claim 9
characterized by a second switch (Q2) responsive to said

10 power-on/power~off control signal (V121) and coupled in a
feedback signal path that is formed between said output
supply voltage (B+) and said control terminal (110a) of
said first control signal generating means (110) for
decoupling a feedback signal that is representative of said

15 output supply voltage (B+) from said control terminal
(110a) of said first control signal generating means (110)
throughout said power-off mode of operation to increase a
duty cycle of said first control signal (sc) that, in turn,
increases a duty cycle of said regulator switch (200),

20 wherein during said power-on mode of operation, said
feedback signal (from B+) causes said first control signal
generating means (110) to vary timings of said first
control signal (sc) in accordance with said output supply
voltage (B+) that, in turn, varies said duty cycle of said

25 regulator switch (200) for regulating said output supply
voltage (B+).

This is the replacement sheet

Date: 2 5 SEP 19%



35" ' characterized in that said coupling neans (T3) farnms. a hot - col d

barrier isolation that electrically isolates said o first STgﬂ&I
(out put of 100) from said deflection swtch (Ql)‘ vvheJ;' lhﬁ__ azld thf
means (121) and sai d regul ator v
-23- oscillator (110) forma si gn'aas'pat h that is i nterpose AR

bet ween said regulator switch (200) and said deflection switch (Ql)

Cout put Jof 100) afdYBFEAER REPPpAZR i@h?&%ﬁ%&%b@%@%&é&ihds'p%P?! o
(secondary) of said
ABSTRACT

An input signal coupled to a deflection circuit through an isolation transformer (T3)
during a power-on operation but not powei'-bff, develops voltage VLim in a linearity
inductor (L) of the deflection circuit. The voltage in the linearity inductor is
rectified to produce rectified signal (V121) coupled to a regulator oscillator of a power
supply, isolated by the transformer (T3) from the input signal. The oscillator generates
trigger pulses (Sc) for controlling the switching operation of an SCR. The increased
frequency causes the anode-to-cathode voltage of the SCR switch to be small, to
prevent latching during power-off. By preventing latching, audible parasitic vibrations

in the power supply are avoided.

FIGURE 1
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coupling nmeans (T3). 9. A switch node power supply of a

t el evi si on appar at us, conpri sing: a source (101) of an
i nput supply voltage (V[err]); 10 a filter capacitor (C2) for
devel opi ng therein an ‘out put supply voltage: (B+); a

| oad (99) coupled to said filter capacitor (C2) for producing a | oad

current froma charge that is stored in said filter capacitor (C2); 15

neans (110) for generating a periodic gyhtching first control signal

(S[err]) during both power-on and ower - of f nodes of operation of said

power supply; a regpulator switch (200) having said periodic,
S

swtching first control signgf' ) coupled to a eontrol 20 term na
(gate) thereof and having a ™hi umr ent

(102a) coupled to said input
current conduct{ng out put

capacitor (C2) fo pr oduci ng
regul ator 25 Q@yitch (23 i
operation, thatss couple

N

conducting i nput term nal
pply voltage (V[err]) and a main

lL.nal (102c) coupled to said filter
switching current (iferr]) in said
on and power-offt nodgs of
tor (C2) to
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develop fromsaid switching current (i[err]) an output supply vol t age
(B+) in said filter capacitor (C2), said regul ator switch (200) being
capabl e of operating in a periodic 30 | at ched conductive state when said
first control signal is devel oped, provided that a first voltage (at
102c), devel oped at said regmzﬂiy3smdtch out put term nal (102c)

and coupled fromsaid filter capacitor (C2), is at a |evel that is
within a first range of val ues; characterized by 35 nmeans
(121) for generating a power-on/power-of f control signal (V[err])

that is coupled to a control term nal (110a) of said firgt contro
signal generating neans (110) for changing said first c@dtrol signa
(S[err]), during sai Uer This is

t he repl acenent sheetzg
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-24-° 7 power - of f node of operation, to produce said swtching

current (i[err]) in said regulator switch (200) during sai d power - of f
node of operation at a |evel that causes said first voltage (at 102c)
to be outside said range of 5 values in order to prevent said regul ator
switch (200) from operating in a Bagched conductive state throughout

sai d power - of f operation. 10. A power supply according
to Claim9 characterized by a second switch () responsive to said 10
power - on/ power -of f control signal (V121) and coupled in a f eedback
signal path that is forned between said outpu} supply voltage (B+) and
said control term nal (110a) of saidifirst control signal generating

means (110) for i Si aI that is representative of
said 15 out put suggl vo tage (B+) fromjsai g/@ 3@1 nal (110a)
of said first contr 5|g lsgeneratlng ‘MgRN (11 )

CR?OO | |

FREE RUNNING
| I

Yy — V52 =
| ik Fl6. 4a
= Y icoueeron |
- :
] L Fr6. 45
=T
oo

Ihls rs the replacement i

Data. 2 5 SEP 1%



e e i g
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i ncreases a dut

switch (2p0), 20 wherein during said power-on no

foadbaclk "J nnaL /F o DJ_\ oancae..card firct OB+

T T T CIX AV A B B = T T oo

ngXi]OF'lHEW@A% means (110) to vary timngs of said first

T T

control signal (Slerr])

_Figure 1.
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An input signal coupled to a deflection circuit through an isolation transformer (T3) during a
power-on operation but not power-off, develops voltage VLim in a linearity inductor (Limw) of
the deflection circuit. The voltage in the linearnity inductor is rectified to produce rectified
signal (V121) coupled to a regulator oscillator (110) of a power supply, isolated by the
transformer (T3) from the input signal. The oscillator (110) generates trigger pulses (Sc) for
controlling the switching operation of an SCR (200). The increased frequency causes the
anode-to-cathode voltage of the SCR switch (200) to be small, to prevent latching during
power-off. By preventing latching, audible parasitic vibrations in the power supply are avoided.
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