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SW TCHED MODE POWER SUPPLY W TH STARTUP PRECHARGE The i nventi o%
felates to a television receiver with E swi t e r%ar’déc%ower supply
. having a power transistor coupled to a controJler via a pull down

SoRee R S e v TSN AR '

A swi tched node power supply transfers a variabl e anmount of power from
an unregul at od Pl SHRRINIQROIEARE: 13, hORSeFlsiG dedeiblr WPl to secondary
switched mode power supply having a power transistor coupled to
5 a controller via a pull down capacitor, and wherein the pull down
capacitor is precharged for achieving stable operation promptly
after plug-in startup.
A switched mode power supply transfers a variable amount
of power from an unregulated DC supply voltage to load circuits
10 coupled to secondary windings of a power transformer. In
conjunction with a pulse width modulator, a power supply
controller applies pulses to the primary winding of the
transformer via a power transistor. By feeding back the voltage
level at a given secondary winding and varying the pulse width to
15 maintain the voltage at the secondary winding equal to a
reference level, the power supply regulates the voltage in all of
the secondary windings. |
An example of a switched mode power supply controller is
SGS-Thomson Microelectronics type TEA2260. The pulses applied
20 to the primary winding of the power supply transformer by the
TEA2260 controller are synchronized to the horizontal retrace
pulses in an operational mode or run mode, and are internally
generated by the controller in the standby mode, when retrace
pulses are not produced. The current pulses in the power-
25 transformer are varied in pulse width for regulating the output
voltage at the secondary windings, including the B+ scan supply
I voltage which is applied to the flyback transformer, but loaded
only in the operational mode.
In the operational mode, the B+ voltage is fed back to the
30 controller in the form of a pulse width modulated signal obtained
from a pulse width modulator located on the secondary side of the
power transformer, the feedback being sent to the controller
located on the primary side via a signal transformer. The
switched mode power supply remains active in both the run mode
35 and the standby mode, providing power in the standby mode to
those circuits which control switching between the run mode and
the standby mode, such as the infrared receiver and the system
mxcroprocessor which monitors the infrared receiver. In the run
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10 When no horizontal signal is available, in the absence of horizontal
scanning, the TEA2260 controller free runs at a pulse frequency
defined by the time constant of a capacitor and resistor coupled
thereto, and regulates its output by feedback from a secondary
winding of the power transformer which generates the VCC

15 supply voltage to the TEA2260 controlier, instead of feedback
from the pulse width modulator as a function of the B+ level.

Whereas the controller VCC supply voltage is generated as a
result of controller output pulses, it is necessary to start up the
controller into operation from an independent voltage supply

20 when the receiver is first coupled or plugged in to the AC mains.
A supplemental startup supply circuit including a storage
capacitor is coupled to the VCC input to the TEA2260 and charged
via the AC mains at plug-in startup. Once the controller is.
powered by the voltage ramping up in the storage capacitbr to

25 adequate operational levels, the controller begins to generate
pulses and can regulate its own VCC level via the feedback from
the power supply transformer secondary winding. The VCC level
is brought up to a nominal level while being subject to current
limiting slow or soft start controls and maximum output

30 limitations which are internal to the: TEA2260 controller, and are
intended, among other things, to avoid an initial current surge
upon plug-in startup.

There is a substantial difference in current loading of the
switched mode power supply between the run mode and the

35 standby mode. It is difficult to provide a power transistor capable
of driving the primary winding “of the power supply transformer
at the relatively high power levels needed for operation in the run
mode, and also at the very short pulse widths nceded in the
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specific range, and then resumes generation of a burst of pulses.
The burst mode is thus characterized by periodic occurrences of
pulse trains from the switched mode supply controller of
sufficient duration to drive VCC to an upper limit, followed by a
lapse of pulses during which VCC decays to a lower limit.

In the run mode of the television receiver, the TEA2260
controller operates in a slave mode responsive to a master pulse
width modulator coupled to an operational supply on the
secondary side of the power transformer. In the standby mode,
however, the secondary side input from the pulse width
modulator is missing, and accordingly the controller assumes a
primary regulation mode wherein its error input, derived from
VCC, is the basis of control. This latter situation characterizes the
standby burst mode. In the run mode, when the pulse width
modulator is driving the controller, the primary side error input is
ignored.

The output stage of the TEA2260 controller has a push-pull
output stage including two Darlington NPN ftransistors operated
alternately, for producing substantially square pulses. The power
transistor coupled to the output of the controller for driving the
primary winding of the transformer should be shut off sharply at
the end of a pulse, such that conduction in the power transistor,
and therefore conduction in the primary winding of the power
transformer, correspond closely to the controller output pulse
width. However, power transistors are constructed for
accommodating substantial current capacity rather than for quick
turn off. In saturation of the power transistor during a pulse, a
relatively large base region charge is accumulated. As a result the
power transistor continues to conduct after the trailing edge of a
control pulse, so long as base charge remains. It is known to shut
the transistor off more quickly by draining the base charge at the
end of a pulse. The time during which the power transistor
continues to conduct after the pulse input at the transistor base

heet Has Been R laced

HII\I |I|I|| l\ll




node the sw tched node power supply not only power hve
switching circuits, but also powers thg flyback tr&%?%?fgpbto drive
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control fery,d nzsétn%%dbfgalgse%%t%vatﬁk and thereafter the zener conducts base
current. The capacitor charges to a voltage defined by the
10 breakdown voltage of the zener diode. When the output of the
controller goes low, the capacitor applies a negative voltage to the
base of the transistor, and sweeps out the base charge to turn off
the transistor more quickly than it would turn off if the pulse
were coupled directly to the base of the transistor. Sweeping out
15 the base charge also takes time, but this provision at least
shortens the pulse width of the current in the transistor collector
to a width more nearly equal to the width of the controller output
pulse.
It is also kmown to provide means for impressing a negative
20 voltage on the output of the controller by developing a negative
voltage from one of the secondary windings of the power
transformer, and then coupling the negative voltage to the emitter
of the output transistor which pulls down the output voltage of
the controller between pulses. Such a procedure is not available
25 where the controller is an integrated circuit such as the TEA2260.
The emitter of the output transistor in the integrated circuit is
internally coupled to ground, and is thus inaccessible for coupling
to a negative bias. Furthermore, undesirably, an additional
negative voltage supply must be included in the power supply.
30 When plugged into the AC mains, the television receiver
starts up in the standby mode and the controller operates in the
burst mode, providing bursts of short pulses for driving VCC at
the controller upwardly within its limits. The controller comprises
a number of internal protective circuits which limit the current
35 output of the switched mode power supply such that an initial
surge of current is not provided when the receiver is first coupled
to the AC mains. A problem is encountered during plug-in startup
of the switched mode power supply circuit. The pulldown
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10 switched mode power supply during startup. More particularly,
the ineffectiveness of the uncharged pull-down capacitor is such
as to defeat initial operation of the protective circuits.
| It is a feature of the invention to provide a television
receiver comprising a switched mode power supply for regulating
15 at least one output voltage by generation of output pulses coupled
' to a power transistor. The power transistor is coupled to a
primary winding of a power transformer which is coupled to the
unregulated input voltage. The switched mode power supply has
a sense input coupled to a secondary winding of the power
20 transformer and is operable to regulate the output voltage by
modulating a width of the output pulses so as to maintain the
output voltage at a predetermined level. A circuit couples the
output pulseés to the base of the power transistor, the circuit
comprising a pull down capacitor in series with the base, and at
25 least one diode in parallel with the pull down capacitor, whereby
during the output pulses the pull down capacitor is charged
according to a first polarity causing the power transistor to
conduct. Following a pulse, the capacitor applies an opposite
polarity to the base of the power transistor, for sharply ceasing
30 conduction of current through the power transistor and the
primary winding. Means coupled to the unregulated input voltage
and to the capacitor precharge the capacitor upon initial
appearance of the unregulated input voltage.
In accordance with a further feature of the invention, a
35 television receiver comprises rectifier means providing an
unregulated input voltage when coupled to AC mains. A switched
mode power supply with a power supply controller regulatcs' at
least one output voltage by generanon of output pulses coupled to
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swi t ched node power supply between the run node and the 35 standby node.
Jt is difficult to provide a power transistor capalfyes s6.509 driving the

-primary wi ndi ng of the power supply trdnsforner at the relatively high
power |evels needed for operation in the run node, and al so at the
very short _p ' e ' . .
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power requprisnany svindinggoktammyer transfpemeroubich fig coupled to the
unregulated input voltage. The power transformer has a

secondary winding coupled to a power input of the power supply

5 controller, the controller being operable to modulate a width of
the. output pulses to maintain the power input at a predetermined
level. A startup voltage source iscoupled to the unregulated input
voltage for providing power to the power input upon initial
coupling to the AC mains, thereby initiating operation of the

10 controller until power is available at the secondary winding of the
power transformer. A network coupling an output of the power
supply controller to a base of the power transistor comprises a
capacitor in series between the output of the controller and the .
base, and at least one diode in parallel with the capacitor,

15 whereby during an output puise of the controller the capacitor is
charged according to a first polarity, causing the power transistor
to conduct, and following a pulse the capacitor applies an opposite
polarity to the base of the power transistor, for sharply ceasing
conduction through the power transistor and the primary winding.

20 Means coupled to the unregulated input voltage and to the
capacitor precharge the capacitor upon coupling the rectifier
means to the AC mains, and prior to generation of the output
pulses by the controller.

In accordance with another feature of the invention, a

25 switched mode power supply comprises a source of unregulated
voltage, a load; and a switching transistor coupling said source to
said load. A capacitor is coupled to a control terminal of said
transistor. A source of control pulses is coupled to the control
terminal of said transistor through said capacitor. Means charges

30 . said capacitor from said source of unregulated voltage.

FIGURE 1 is a detailed schematic diagram showing the circuit
of the invention.
FIGURES 2-4 are corresponding timing diagrams illustrating

_ the normal operation of the switched mode power supply, FIGURE

35 2 showing the voltage signal at the base of the power transistor,
FIGURE 3 showing the current signal, and FIGURE 4 showing the
collector current.
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invention, in particular during the first pulse from the power
supply controller, respectively showing the voltage at the base of
the power transistor, the current in the base of the power
transistor, the voltage at the output of the controller, and the
current in the power transistor collector.

FIGURES 14-17 are corresponding timing diagrams showing
plug-in start-up operation of a circuit as in FIGURE 1, but where
the pull down capacitor is not precharged. FIGURES 14-17
correspond to FIGURES 10-13 for such a circuit.

FIGURE 18 is a timing diagram showing the voltage across
the pull-down capacitor following coupling of the receiver to the
AC mains, illustrating precharging of the pull-down capacitor.

FIGURE 19 is a timing diagram according to the invention,
showing the voltage at the base of the power transistor over an
extended time following start-up, with precharging of the 'pull-
down capacitor.

FIGURE 20 is a timing diagram comparable to FIGURE 19,
showing the voltage at the base of the power transistor over an
extended time following start-up, but without precharging of the
pull-down capacitor.

In FIGURE 1, power to the television receiver from AC mains
22, which can be between 90 and 250 VAC for operation
worldwide, is-full wave rectified by bridge 24 and filtered by
capacitor CP06 and resistor RP03, to provide the unregulated
input voltage VIN, coupled to the primary winding W1 of power
transformer LP36. The other terminal of winding W1 is coupled
to the collector of péwer transistor TP29, which is driven by the
output of switched mode power supply controller 20, such as

SGS-Thomson Microelectronics type TEA2260, the respective pm
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The out put stage of the TEA2260 controller has a push-pull out put
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deflection circuit 88, for driving horizontal scanning via a flyback
transformer (not shown) and thereby coupling power to various
loads which are energized only in the run mode of operation of
the television receiver. The pulse width modulator is coupled to
the B+ supply and to synchronizing pulses VS from the horizontal
deflection circuit 88.

In a second mode of operation of controller 20, i.e., when no
width modulated pulses are applied for regulation from the
secondary side of the power supply due to lack of horizontal
scanning, controller 20 reverts to a primary regulation mode
based upon an error input derived from secondary winding W3 of
power transformer LP36. Regulation via the error input is active
only in the absence of pulses from the secondary side feedback
from pulse width modulator 92. When such pulses are p_r_escnt,
the error input is ignored.

The television receiver powers up operation in the standby
mode when coupled to AC mains 22, and can be switched into the
run mode under control of microprocessor 82. Microprocessor 82
as well as the power supply controller 20 are powered during the
standby mode as well as the run mode. Microprocessor 82 has an
input ON/OFF coupled to a switching means, such as an infrared
receiver, and an output coupled to horizontal deflection circuit 88
for disabling the horizontal deflection circuit and switching into
the standby mode.

When first coupled to AC mains 22 power to the VCC pin of
controller 20 is provided by a startup current supply coupled to

. the unregulated VIN voltage from bridge rectifier 24. Capacitor
CP28, which is coupled to VCC pin 16 of controller 20, is charged
through a relatively high value current limiting resistor RP06. As
the VCC voltage across capacxtor CP28 ramps up, controller 20

i



4 - goes lowis known as the turn off delay tine and includes the

storage tine. In a known base pull down Acgg gor dr ai ni ng
- base charge in a power transistor,ua capacito u ed in parallel
with a 5 zener di ode, and |n series between the out put of the controller
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which couples the unregulated VIN to primary winding W1 of

power transformer LP36. The resulting pulses on secondary

winding W3 are rectified by diode DPO8, filtered by capacitor

CP28, and coupled to the VCC input of controller 20. The

controller thus powers itself after starting initially from the

charge applied to capacitor CP28 through start-up resistor RP06.

Controller 20 has a number of internal limiting and
‘shutdown circuits 50 to prevent overvoltage or overcurrent
conditions from occurring or persisting, and can limit its output as
the power supply powers up, for avoiding a potentially damaging
surge of current into uncharged storage capacitors, and the like,
upon start-up. To this end, a soft start circuit 40 is coupled to a
capacitor CPO8 to define the rate at which the amplitude of

" successive output pulses can increase. According to the TEA2260,
minimum and maximum VCC voltage. limits are established by a
VCC monitoring circuit and overvoltage comparator in a protection
circuit 50. Repeated overload is sensed by a comparator coupled
to internal voltage and current references. Maximum output
current in power transformer LP36 is limited by current limiting
comparators coupled to a current sensing resistor RP32 in_ series
with the emitter of power transistor TP29. Demagnetization is
sensed by winding W3 being coupled to protection circuit 50 at

- pin 1.

In the standby mode, when no pulses are provided from
pulse width modulator 92, controller 20 regnlates the voltage
from secondary winding W3 as sensed at the error input, pin 6, of
an error amplifier 34. The sensed level is provided via a voltage
divider comprising resistor RP14, variable resistor PP16 and
resistor RP13, coupled between VCC and ground. The sensed
voltage level is thus a proportion of VCC, and is compared with an
internal reference, VREF, of 2.49 volts coupled to the noninverting
input of error amplifier 34. Resistor RP17 is coupled between the
output of the error amplifier 34 and the inverting input, to set the
gain of the error amplifier.

When operation of controller 20 has driven VCC to a high
enough level that the error amphfler output indicates that a high
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current. The capacitor charges to a voltage defined by the 10 breakdown
vol tage of the zener diode. When the output of thﬁgCA 86(:0@%”)' | er goes
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voltage at VCC defines a series of rising and falling ramp voltages

with a hysteresis between the two thresholds. '

The output of error amplifier 34 is coupled to modulators
36, 38, which are also coupled to the soft start rising reference
voltage level obtained from soft start circuit 40, and to the ramp
output of an oscillator 42. The modulator outputs are coupled to
modulation logic and automatic burst generator 44, the latter

. being coupled to a pulse output of oscillator 42. The oscillator
ramp slope, the pulse width, and the -oscillator frequency are set
via external resistor RP09 and capacitor CP09..

An IS logic stage 32 preferentially couples the input from
the secondary winding WS of pulse width modulator transformer
LP42 through to the output of controller 20, via a resistor RP41.
However when no pulses are received through resistor Rl__?'ftl, the
output of modulator logic element 44 is coupled through to the
output of the controller. Regulation pulses from IS logic block 32
are coupled to logic processor 52, and through positive and
negative output drivers 62, 64 to Darlington pair output
transistors 66, 68. Output transistors 66, 68 are operated
alternately in a push-pull arrangement wherein only one is
conductive at any ome time. - Qutput transistor 66 supplies current
to the controller output pin via VCC and a resistor RP26, which
sets the positive output current level. Output transistor 68 sinks
current from output pin 14, effectively grounding the output pin
of controller 20.

The output of controller 20 is coupled to the base of power
transistor TP29 through a base network, including a pull-down
capacitor CP24 in parallel with at least one diode, and preferably a
plurality of diodes DP24, DP26 and DP27. At the leading edge of a
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internally coupled to ground, and is thus inaccessible for coupling to
a negative bias. Furthernore, undesirably, an addit & alo6 509 negative
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W t[ll nt its drbﬂfémt/arﬂheuﬁsmil ranid Qhu@owinsef 3-d51)oda drophecapdcitort er {1alh .
protective Gircuits. whi cur{.en egowi tche
_.mode pover & ‘%“‘%a‘tﬂ nhgpélf?‘ oliS! Tj{? é&ﬁsoédﬁgghl%'gl ts}§not

provi ded V\/rmaxnmmnr ehargzerforsca‘pacnorcﬁﬂﬁﬂed%t the trailingeedgenef #s. A probl em
i s encount ?e d#h'tHQ (Pl{.lﬂéﬁ’(' 8f datitkotter 20, fotﬁlﬁetﬁ%fs?&e%w%uﬂ&wr

supply cf r t e more posmve terminal of pull-down capacitor CP24, thus
placing a negative voltage of 2.1 volts on the base of transistor
TP29. The negative voltage from the accumulated charge in
capacitor CP24 generates a negative base current which sweeps
out the base charge in power transistor TP29. This quickly stops
conduction of TP29. Inductor LP28, paralleled by a damping
resistor RP28, provides current pulse shaping to the base of
transistor TP29. A resistor RP29 provides base-emitter biasing.
The LC network, including inductor LP28 and the transistor base
capacitance, establishes the slope of the reverse base current in .
power transistor TP29 when the base current is to be reversed by
the application of a negative voltage from capacitor CP24.
Inductance in the base circuit is also responsible for certain spikes
which appear in the controller output voltage (see, e.g., FIGURE 5)
and in the collector current (e.g., FIGURE 13).

At the collector of transistor TP29, a damping arrangement
is defined by diode DP29 and resistor RP31, with capacitors CP29
and CP31 being coupled in parallel with diode DP29 and resistor
RP31, respectively. :

In addition to the secondary winding W3, which provides
power for VCC of the controller 20, other secondary windings W2,
W4 and W5 provide other output voltages which are regulated by
the controller, together with regulation via the B+ supply during
scanning or the VCC supply in the absence of scanning. The signal
on secondary winding W2 is rectified by a diode DP50 and filtered
by a capacitor CP51, providing the regulated B+ output at +118V
for powering horizontal deflection circuit 88. A +19V supply is
provided by winding W4, as rectified by diode DP63 and filtered
by capacitor CP64, for energizing a load, shown as resistor RL1.
Winding W5 provides +24V via a diode DP92 and a capacitor CP86
for energizing a load, shown as resistor RL2.

The output voltages at all the secondary windings of power
transformer LP36 are regulated together with regulation of VCC
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'5 capacitor in series between the output of the controller and the

base of the transistor (which capacitor is to be ;g out put
.puI ses fromthe controller) has not yet been char @Q&Qég

transi stor cannot be shut of f qU|ckIy or dependably during the 5 peri od

tredi ately after E) i A startup. course this is the critical
peri od wheP¥igpntrel ct$wec9¢%ﬁpll§f A0 toperatsst v hath theeTun expect ed

to preVentm%dEUfah&nTthé;LHtﬂﬁdb)T hodeQ! thge sbtﬂﬁdﬂlyf isagplies quluﬁih h@epower
transi storconduycts after the fallin controller pulse is
| ong, | eadBﬁgi’&aﬁﬁd%rﬁeﬁ&ﬁ%Y% @B@F%‘F&ond@?e tMOsumt’cshéﬂ hﬁ’ae power
. supply dursegulatedr taip:5V Moy ea progulatok a26.y for providiag aeffadld isuppigs of the
snchaced S oAl 15 oy digh, B ﬂe‘ie@kw&ﬁ{ aton,
provi de a Y8G\duwirg standby in the burst mode of controller 20.
According to an inventive feature, the positive terminal of
the pull-down capacitor CP24 is coupled to the unregulated input
voltage VIN. The unregulated voltage VIN appears as soon as the
circuit is coupled to the AC mains, i.e., before controller 20 begins
to output pulses. The timing diagrams of FIGURES 2-9 illustrate
steady state circuit conditions in the standby mode of the
television receiver, when the controller 20 operates in its burst
mode. FIGURES 10-20 illustrate circuit conditions following plug-
in startup, i.e., initial connection of power to AC mains 22. All the
figures represent idealized traces of the respective signals, with
certain noise and coupling effects omitted for clarity.
The output pulse Voon of controller 20 goes high at time t;
of Figure 5, and remains high until time t5, when the output drops
essentially to ground. As seen in FIGURES 2 and 7, the voltage at
the base of power transistor TP29, however, remains high
following the trailing edge of the controller pulse at t; due to the
base charge in the power transistor TP29. As a result, tr}insistor
TP29 continues to conduct collector current in saturation following
time t.
Whereas the push-pull output circuit of controller 20
grounds the positive terminal of capacitor CP24 at the¢ trailing
edge, the current in the base of power transistor TP29 reverses at
time ty, as shown in FIGURES 3 and 6, as current from capacitor
CP24 sweeps out the base charge. Capacitor CP24 is normally
charged to about 2.32 V. The base charge is also drained due to
collector conduction of tramsistor TP29, at a relatively slower rate.
The time from t) to t3, during which the charge in the base region
is drained, defines the storage time of the circuit.
When the base-emitter charge is exhausted at time t3,
current in the base of transistor TP29 quickly goes to zero as
shown in FIGURE 3, and the voltage at the base goes negative as
shown in FIGURE 2. About 3.24 microseconds elapses as the

T



fecei ver conprising a switched node power supply for regulating 15 at

| east one output voltage by generation of output puls i ggu_p to a
power transistor. The power transistor coupl ed t & é 49r| mary wi ndi ng
of a power transfornmer which is coupl ec} %so t he unr egul ated i nput

vol tage. The swi tched node ﬁ&r r supply has sense input coupled to a
secondary wisatliratjoof ex¢asspoherge2ds temorsd frem éh@l baseopefh®l e to regul ate

the output ﬁgké%ﬂﬁlt@f unctlfmd%@&h{& %Wn‘i%h Hiﬁséci‘es%lid}ﬂhg\p@ﬂlées so as to

mai ntai n the tage at redet e
coupl es thetfanSIStG{lt ‘é@'§“’c§) of hzhgag‘és o ﬂ?@ B%P“Ntﬁ’hslflgf’gpn t he
circurt andofhi¥ Icfdst@m@npuf |cu(i+fbm mpthel tollettors ectwrs betwben hdniesse, and

ur i ng ¢ he el HoiEe TR Thprgrraminifis PHorich 6f TecEuRhe J02 P g
to aI first maweform &nuﬂxmg:dllwtmomndtﬂmsfc:momtﬂle primaphdwindingol | owi ng
pover 7 anshiap bpyer GaRfofhel, af iR In FIGUREDL YnblvOEERE B\ t1e
t he power t thersbaseoof atransistor RP29thenr yetirnsiitog.a stghtlycsagadvet o the
unregul at ed yj,ifage, \did 3Cthe charge on capacitor CP24 and conduction from

ground through current sensing resistor RP32, biasing resistor

RP29, and inductor LP28. Some ringing occurs in the base voltage

due to parasitic capacitance associated with transistor TP29.

In FIGURE 35, the respective waveforms are shown over

several pulses from controller 20. The output of controlier 20,

Vcon» shown in FIGURE 5, is substantially a square pulse, but has

an initial spike due to the high reactance of inductor LP28 at this

edge, and some trailing ringing, due to current reversal and

capacitive interaction at the base of the power transistor TP29.

Following the initial spike, the level of the pulse increases with

charging of capacitor CP24, however, the charging of capacitor

CP24 during any one pulse is minimal, being only sufficient to

replace the charge drained from capacitor CP24 during the

remainder of a cycle. As a result, in normal operation, as_shown

in FIGURE 9, the voltage across capacitor CP24 remains relatively
smooth, having a charging phase from times tj to t3 and a

discharging phase as the base charge is drained from times t3 to
t3.

In FIGURE 6, the current Igogg in the base of transistor TP29
is positive during the. voltage pulse Voo from tj to 2, and
reverses at tp due to the application of the voltage across
capacitor CP24 at the trailing edge of the voltage pulse. The

current increases in negative amplitude, at a slope defined by
inductor LP28 until the charge is exhausted at t3, and returns to

zero at t4.

Whereas in normal operation capacitor CP24 remains
substantially charged as shown in FIGURE 9, the voltage Vpasg as
shown in FIGURE 7 is negative except during the interval from tj
to t3, i.e., during the pulse from controller 20 and after the pulse

"l



"and to the capacitor precharge the capacitor upon initial appear ance

of the unregul ated input voltage. I n acgﬁg e gith a further
feature of the invention, a 3 5 teleyigion receiv gﬂ%rp es rectifier

means providing an unregul ated i nput voltage when coupled to AC mains.
A switched po S I i1t h..a.p S oqnt,r ol regul at es
at I eggqmo%nqgﬁapu‘pﬁg& t@gé’%ﬁg %‘Qﬁgﬁfa{?’i‘%rﬁeo#pgﬁél%ﬁt%u| s:iggé coupled to
6 current in capacitor CP24 as shown in FIGURE 8 is also negative

between pulses, due toc a current path from ground through

resistors RP32, RP29 and inductor LP28. Between t and t3, the

current in capacitor CP24 is reversed, corresponding to the .

reversal of current in the base (FIGURE 6). The charging of
capacitor CP24 between t] and ty is equal to the discharging from

t3 to t4, plus the discharging which occurs between pulses.

Accordingly, the capacitor voltage is relatively steady as in
FIGURE9. _

Normal operation of the circuit relies on the voltage across
capacitor CP24 to turn off the power transistor TP29 within a
short time following the trailing edge of a controller pulse. There
is a minimum limit, however, because after a given pulse of any
width, a certain time elapses while the base charge is swept from
transistor TP29. According to an inventive feature, upon initial
connection of the circuit to the AC mains, capacitor CP24 is
charged through a startup resistor RP324. As shown in FIGURE
18, with initial connection to the AC mains, capacitor CP24 is
charged to the maximum 2.1V permitted by diodes DP24, DP26
and DP27, before the power-up supply voltage VCC of controller
20 is high enough for the controller to begin outputting pulses.

The first pulse following plug-in startup as shown m
FIGURES 10-13 is much the same as the steady state pulses
discussed above. Following the trailing edge of the voltage pulse
Vcon at the output of controller 20 (FIGURE 12), the base current
Igasg reverses due to the voltage reversal (FIGURE 10) provided
by output transistor 68 grounding the positive terminal of

capacitor CP24, sweeping out the base-emitter charge. When the
- charge is exhausted at time t3, the base current returns to zero at

t4 and the collector current drops to zero. The collector current

ICOL continues to increase so long as transistor TP29 is
conducting, to a peak of about 1.3 A, with a storage time of about
2 microseconds. The sweeping of the base charge is such that the
cessation of collector current (FIGURE 13) follows shortly after the
falling edge of the controller output pulse.

The situation depicted in FIGURES 10-13 can be directly
compared to the performance of the same circuit in the absence of
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a power transistor, the power transistor being coupl ed to a primry

wi ndi ng othlsa;h rmer which is coupled to the unr egul at ed

‘i nput vol t m transforner has a secondary w ndi ng coupl ed
to a povver ower suppl y 5 control | RCAt B6,7@fht rol | er bei ng
.operable to rmdul ate a wdth of out put pulses to maintain the
power input at a predeterm ned IeveI A startup vol tage source

i scoupl ed tresisher RF32UIprteltarigivig! tcapacitor CP24)e a§ Oshqwm\/indiFﬂGLmEBr to the
oper ati on of-iie FICURES, ditr L7 Wiishth, sle, iRl e, HORRVER, chd oo
wi nding of differences povibe wayeformsnof. %I!GﬁHiESer&Jpas reprapaisd: pat of the
power WRESC%’@-'B' Wil erﬁsp%%roé b@P"éﬁrc ﬁBﬁb?E}%]ﬁ@om“ S€s a
capacitor in { Ween .t He out er an base,
and at |eadyclie dsibas yoitager & shpwe thdIGIRE: ﬁgrnsqe*satmmw during
an ou]E put t Rith et riﬁiﬁgC@dﬁé Q”ﬂ ke (diftp ﬁ?gﬁﬁ g{rgtrlﬁ controII‘di‘aQOefblﬁﬁG@rdl ng
0 ot ot LR G e oL bl S v the BRGNS oY,
base of thdimewty, of ahei eomrollénrompmr plysec eannoy occur or at best is
only minimal because, in the absence of resistor RP324, capacitor
CP24 is charged only by the output of the controller 20 via
current from VCC through resistor RP26. A number of pulses
must occur to charge capacitor CP24 up to a voltage where the
accumulated charge is sufficient to completely sweep the base-
emitter charge from transistor TP29.
At time tg, the ‘base voltage drops slightly, but the base
region remains sufficiently charged to maintain conduction of
transistor TP29. At some time tp after the trailing edge of the
controller pulse, the base current flow in transistor TP29 and
other processes have exhausted the base charge, and the base
voltage Vpasg finally drops off. By this time the collector current
in transistor TP29 has risen to a much higher level, about 2.2 A
peak, than it would rise in the steady state when capacitor. CP24 is
effective for sweeping out the base charge. As a result of the
ineffectiveness of the uncharged pull-down capacitor, the circuit
operates with a storage time of about 5.78 microsecond This
undesirably defeats the ‘soft start protection feature of the
controller which attempts to limit the first current pulse to three
mlcroseconds
A further undesirable aspect is that the positive termmal of
capacitor CP24 will not be pulled down to ground potential by
conduction of Darlington transistor 68, but instead to the collector
terminal voltage level. This level for a Darlington transistor could
be significant - about 0.8 volt. )
The start-up output limiting circuits included in the
TEA2260 controller are meant to limit the occurrence or
persistence of overvoltage or overvoltage conditions. A power
supply is especially prone to overcurrent conditions when initially
coupled to the AC mains, because storage capacitors and other




conduct i on t hrough the power transistor and the primary w nding. 20 Means

coupled to the unregulated input voltage and to the capaci tor
precharge the capacitor upon coupling the rectifier RCA 86g30% to the AC
mai ns, and prior to generation of the olL@put pul ses by the controller.

| n accordance with another feature of the invention, a 25 sw tched npode
power suppl comperismesof: theuloud @ircuitrsedtdvat g@ximum \GUrk@ae, TheOhfk and a

d,l oad.. A ca aC|tor S
coupl ed to. STca: PipcAs tmehfls e PEHE bt the bEG CHaPEE i etcon 1 o
pul ses is cdupnseaoron cdmungl start-upt phaﬁmlofofopgmwom,r dendst oy through
sai d capaci tdé?eat énﬁrdigéﬁgﬁscﬁ'g}x zﬁﬁga‘if Esth O'gl’?@' @oﬁﬁﬂhﬁsl agr am

unr eqgul ated vo 1 'S cherra
shovmgng t he c&nﬂgg?tfor a loggex ime Wing the traxlzng edge @R

‘correspondi rpmle. i 'lﬁ‘hedtlztﬁﬁr@lf!& li$ 11984 rabld 16 precisél ec@t‘i’t&ﬁﬁ'th@p&ﬁ 't°6‘f Of the
swi tched no power _su ¥/ FIGURE 35 2 showing the voltage signal at the
base of the ESV\BPWteFaﬁEBE y‘or FI GURE 3 showi ng the current signal, and

FI GURE 4 show ng RIGURES 19 and 20 compare the start-up operation of the
circuit of the invention with a comparable circuit lacking
precharging of the pull-down capacitor. In FIGURE 19, the base
voltage according to the invention is negative due to precharging
of capacitor CP24 when the first pulse occurs at the output of
controller 20. A transient variation in the amplitude of the low-
going base voltage spike occurs as the voltage at the positive
terminal of capacitor CP24 drops to its steady state value.
However, the power supply promptly achieves steady state
operation.

In FIGURE 20, the base voltage is near zero rather than
negative preceding the first controller pulse. The negative base
voltage spike is missing or small for a number of successive cycles
during which the controller is relatively less able to precisely
control the current in transistor TP29. Over about 3.82 .
milliseconds, capacitor CP24 becomes charged to about I.Q-V, the
base voltage preceding a pulse drops to negative, and steady
operation is achieved. However, direct comparison of FIGURES 19
and 20 shows that the interval to achieve steady state operation,
during which interval the protection circuits of the controller are
relatively ineffective, is much shorter when precharging the pull-
down capacitor according to the invention than when starting up
without a voltage thereon. Whereas the circuit of the invention
achieves its short storage time upon the initial controller pulse, a
comparable circuit operating, for example, at 18 KHz requires
some 68 cycles over 3.8 milliseconds to achieve a short storage
time.
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ector curren 7

ol |
-FIGURE859 timng diagrams illugtrating nor mal
operation of Hﬂ'ﬁﬂmjlnﬂug;uml and in g nor e corrprB dégwo9 time scale,

respectively show ng t fie vol t age at t e output of the controller, the
current in_the base of the power transistor, the 5 vol tage at the base
of the powdthatrisneladmed isthe current in the pul | - down capacitor and

the voltage acrpsq tRfewsidm de¥kver comprising:

a switched mode power supply for regulating at least one
output voltage by genecration of output pulses (V.,q) coupled to a
power transistor (TP29), the power transistor being coupled to a
primary winding (W1) of a power transformer (LP36) which is
coupled to an unregulated input voltage, the switched mode
power supply having a sense input (2) coupled to a secondary
winding (W2) of the power transformer and being operable to
regulate the output voltage by modulating a width of the output
pulses so as to maintain the output voltage at predetermined
levels;

a circuit coupling the output pulses (Vcon) to a base of the
power transistor, the circuit comprising a pull down capacitor
(CP24) in series with the base, and at least one diode
(DP24, 26, 27) in parallel with the pull down capacitor, whereby
during the output pulses the pull down capacitor is charged
according to a first polarity causing the power transistor to
conduct, and following a pulse the capacitor applies an opposite
polarity to the base of the power transistor, for sharply ceasing
conduction of current through the power transistor and the
primary winding; characterized by,

means (RP324) coupled to the unregulated input voltage
(VIN) and to the capacitor (CP24) for precharging the capacitor
upon initial appearance of the unregulated input voltage.

2. The television receiver according to claim 1, characterized
in that the means coupled to the unregulated input voltage and to
the pull down capacitor comprise a resistor (RP324) coupled
between the unregulated input voltage (VIN) and a terminal of
the pull down capacitor (CP24).

3. The television receiver according to claim 1, characterized
by a power supply controller (20) in the switched mode power
supply, the sense input (2) being an error input of the power
supply controller coupled to the output voltage (B+).

4. A television receiver comprising:
This Sheet Has Been Reﬂ iwed
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FI GURES 10-13 are correspondi ng timng diagrans

: _shovm ng lm Hul”glﬁelﬂ"mnr operation of the circuit according to the 10
i nventi on, ng the fi/gst pul se frRGA #6,H¥her suppl y
controller, respectlv Iy showi ng t he | tage at the base of t he power

transistor, the current in thé base of the power transi stor, the

vol tage at the reatifier aiearse (2d)t puividing cand wdregulatedcinputntvoltagehe power

transi stor\qgj I el S 14-17 are correspondl ng timng
di agr anms shovm)n 5 co&?led |to %tcgk’?{ﬁg peration of a circuit as in FlI GURE

1, but where a smﬁ@l%moaev@owspamm Withot pARehHgPlY Fl GURES 14-17
COfreSpO“‘éohﬁ'dﬂé?JRE@ YorLeedudatifipChit Je&dt’ okt output voltage thy QURE 18 is a

Fol | oui ng ESDRERTOND BF QUHBuF SR CRPIERoto 2 PoRetuiransispr | CILAh | ng

prechar gi nge opotwbe @ahsistorwbeingpacoupled to a pnmary R iddhg 1OV at;]tl Lnagg of

6 oo oG 00 B ) i, 1 CURIBY I 1P b oo

prechar gi ippof voltage,l land the power transformer having a secondary .
winding (W3) coupled to a power input (16) of the power supply
controller, the controller being operable to modulate a width of
the output pulses to maintain the power input at predetermined
levels;

a startup voltage source (RP06, CP28) coupled to the
unregulated input voltage for providing power to the power input
upon initial coupling to the AC mains, thereby initiating operation
of the controller (20) until power is available at the secondary
winding (W3) of the power transformer;

a network (CP24, LP28) coupling an output (V.,,) of the
power supply controller to a base of the power transistor, the
network comprising a capacitor (CP24) in series between the
output (14) of the controller and the base of the transistor, and at
least one diode (DP24, 26, 27) in parallel with the capacitor,
whereby during an output pulse of the controller the capééitor is
charged according to a first polarity causing the power transistor
to conduct, and following a pulse the capacitor applies an opposite
polarity to the base of the power transistor, for sharply ceasing
conduction through the power transistor and the primary winding;
characterized by, _

means (RP324) coupled to the unregulated input voltage
(VIN) and to the capacitor (CP24) for precharging the capacitor
upon coupling the rectifier means (24) to the AC mains, and prior
to generation of the output pulses by the controller (20).

5. The television receiver according to claim 4, wherein the
means coupled to the unregulated input voltage and to the pull |
down capacitor comprise a resistor coupled between the
unregulated input voltage and a terminal of the pull down

Sheet Has Been Reﬂlaced
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25 down capa Fl GURE 20 s a timng diagram conparable to

‘FI GURE 19, I“lmgmllw“lm;u NI tage at .the base of RE&A 0% r ansi st or

‘over an ext ended tw e | owi ng st t-up, but wthout precharging of

t he pul | -down capacitor. 30 . In FIGURE 1, power to the

tel evision cepsiver coupledGomannsutput téﬁmnwhlaﬁlthanpbwebemndy 90 and 250

VAC f or opeéghhoorl worldwide, is full wave rectified by bridge 24 and
le'bam

filtered by tor CP0O6 and resistor RP03, to provide the
unr egul at ed i nput voltage VIN, coupled to the primary wi nding W of
power 35 transfgrnppe '—t%ﬁ@lslﬂﬂeré’ééi%rta%ﬁ}diﬂk tafifll BY Wierein C@ier! ed

to the collector of t gtor which is driven by t

ower t he
out put of sRPWERedH eCSB RV (,SGRF‘P oinpst eupled tp An “error
SGS- Thons onaiplifoer, eghd OprdtﬁldexpﬂleTwaé@ int Ge buestpendde/ echiracterized

by distinct thresholds between which the controller regulates a
voltage at the power input, thereby providing a burst mode of
operation.

7. The television receiver according to claim 1 or 4, wherein
the means coupled to the unregniated input voltage and to the
pull down capacitor comprise a resistor coupled between the
unregulated input voltage and a terminal of the pull down
capacitor, and wherein the power supply controller has a push-
pull output stage, the pull down capacitor being coupled to the
push-pull output stage.

8. The television receiver according to claim 7, wherein the
power supply controller comprises an integrated circuit having
biasing terminals for the push-pull output stage which are
internal to the integrated circuit and are therefore inaccessible.

9. The television receiver according to claim 7, wherein the
resistor is coupled to an output of the push-pull stage which is
coupled to the pull-down capacitor.

10. A switched mode power supply comprising:

a source (VIN) of unregulated voltage;

a load (88);

a switching transistor (TP29) coupling said source to said
load; ) ‘

a capacitor (CP24) coupled to a control terminal (base) of

said transistor;
a source (20) of control pulses (V.qon) coupled to the control

terminal of said transistor through said capacitor (CP24);
characterized by

eet Has Been qulaced
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f8 nunber s of c controller bei ng shown in the figure.
- Controller 20 Eﬂ“ﬂiﬂu Bﬂ nodes. In the slave gé)é control ler 20
-1s responsive t pul s fed back fR& aP8e wi di h

nodul at or 92. The wi dt h of the pul sess@ontrol s the energy transferred from
unregul ated input voltage VIN to the B+ regul ated outgut and ot her
secondary suppl meansf (RP324) dorechargse suid @pagitopfCP24) Stpmesaid a

hori zont al sQ\glclee ¢ VI gfrﬁwe\r%r?medf %;tg &ving horizontal scanning via a
fl yback transfor mer not sho and eby- coupling power to various |oads

which are energized only in the run nDde of operation of
11. A power supply according to claim 10, characterized by

means (DP24, 26, 27) for clamping the voltage across said
capacitor (CP24) to a predetermined value.

12, A power supply according to claim 11, characterized in
that said clamping means comprises diode means (DP24, 26, 27).

13. A power supply according to claim 10, characterized by
an inductor (LP28) coupled in series with said capacitor (CP24).

14. A power supply according to claim 10, characterized by
a transformer (LP36) coupled between said transistor (TP29) and
said load (88).
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the television receiver. The pul se wdth nodul ator is coupled to the B+

- supply and to synchronizing pul ses VS fromthe horRﬁﬁqt 80.588 | ecti on g-
-‘circuit 88. In a second node of operation of controller 20, i.e., when
no wi dth nodul ated pul ses are applied for regulation fromthe secondary
side of the power supply due to | ad\BSFRAG6I zontal scanning, controller 20
reverts to a primary regulation node based upon an error input derived from

secondary w ndi ower .transforner, g g Re uI ation via,the error
i nput is activeﬁor{vﬁwlﬁ‘ hZecaiven hasop Syitcheds & RO SHBRLY, Erge

f eedback f regolatinge ani dutpuwdiditige;, Hitludingh &ysdwerl sessformepr esent, the

?Lre"étﬁﬁ‘é@ﬁ%ﬁﬁ%ﬁgcs@mﬂ? LR 7995 CHRERL 18 UE B L
run node umdiageo(VIN) i aipower deansistor 82 The pooyerotemnsistoBdsas wel | as
25 the run oRgoUegPBy, Bullts €9:0n5 POMPIRF tpu BF) Aresidonioy (g 2 vel!
swi t chi ng Iﬁgaggiersgghs‘agemnt nbase-smitter charge from the power

transistor in order to end collector-emitter conduction, the base of

the power transistor is coupled to the output‘ of the pulse

generating controller via a capacitor (CP24) in parallel with at

least one diode (DP24, 26, 27). During a pulse from the controller,

the capacitor is charged to a voltage equal to the forward biased

drop across the diode(s). At the end of a pulse at the output of

the controller, the voltage across the capacitor provides a negative

voltage at the base of the tramsistor, thus sweeping out the base-

emitter charge and sharply turning the transistor off. In order to

assure this function of the capacitor even upon plug-in startup,

the capacitor is precharged via a resistor (RP324) coupled

between the output of the controller (pin 14) and the unregulated

voltage input (VIN).

(Reference Indicia are from Fig. 1) -
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r-ecei ver, and an output coupled to horizontal deflection circuit 88 for
di.sabling the horizontal deflection circuit -and swtching into the standby
* node. When first coupled to AC mains 22, power to the VCC pin of
controller 20 is provided by a startup current supply coupled to the

This Sheet Has Been

unregul ated VIN voltage from bridgeg ﬁédgler 24. Capacitor CP28, which is
coupled to VCC pin 16 of controller charged through a rel atively
hi gh value current limting reS|stor %86 As the VCC vol tage across
capaci tor CP28 ranps up, controller %
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:9 becones operational and begins, to output pulses. The output pul ses from
-controller 20 are coupled to power transistor TP29 which couples the
“unregul ated VINto primary wi nding WL of power transfornmer LP36. The

resulting pul ses on secondary w n@dtnged® are rectified by di ode DPOS,

filtered by capacitor CP28, and cauglwd to the VCC i nput of controller 20.

The controller thus powers itself aftgr starting initially fromthe charge
applied to capacitor CP28 through start-up resistor RPO6. Control |l er
20 has a nunber of internal limting and shutdown circuits 50 to prevent
overvol tage or overcurrent condi tip‘qg;fQ)m occurring or persisting, and can
limt its output as the power supply powers up, for avoiding a potentially
damagi ng surge of cwrrent ,into unchargeq storagq capacitors, and the |ike,
upon start-up. To thjs enci1 a soft start,lcircuit;340 is coupled to a

ine tihe rate at mhlkh t he ajhplitude of successive

rease. 260,
f
4 + + !
I

capacitor CP08 to de
out put pul ses can in
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A ni mum and maxi nrum VCC voltage |limts are established by a VCC nonitoring
circuit and overvoltage conparator in a protection circuit 50. Repeated
. *overload is sensed by a conparator coupled to internal voltage and current
ref erences. Maxi mum out put current in power transfornmer LP36 is limited by
current limting conparators coupled to a current sensing resistor RP32 in
series wwth the emtter of pover p &1 ap '§H(3r TP29. Denmgneti zation is sensed
by wi ndi ng WB being coupled to pré@ew?%on circuit 50 at pin 1. In the
st andby node, when no pul ses are p%?¥|ded from pul se wi dt h nodul at or 92,
controller 20 regulates the voltag rom secondary w nding WB as sensed at
the error input, pin 6, of an error anplifier 34. The sensed level is
provi ded via a }éﬁg di vider conprising resistor RP14, variable resistor
PP16 and resi st or! RP: coupl ed between VCC and ground. The sensed vol t age
level is thus a proportidn of ,VCC, and is cgnpared w th an internal
reference, VREF, of 2.49 vjolt4 ewupled to t noni nverting | nput of error
anplifier 34. ResistoﬂtﬂPL? i $ lcoupl ed betwgen the

=

0 i tlzlil.
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reference | evel of voltage VREF rat

of the error anplifier.
‘to a high enough | evel
hi gh - VCC threshol d | evel

output of the error anplifier 34 and the inverting input,
When operation of controller
that the error anplifier output

Gener ati on

to set the gain
20 has driven VCC
i ndi cates that a

controller 20 enters

the burst node and internally revi sﬁ%‘“%ﬁ ﬁperation to track on 90% of the
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af pul ses ceases, and the VCC vol tage accumul ated in storage capacitor CP28
~decreases over tinme until the voltage neets the 90% threshold. At that
"point, controller 20 resunes the original 100%threshold | evel and outputs
a train of pulses to recharge the VCC output to produce a 100% reference
level at the inverting input of conparator 34, and so forth. The regul ated
out put voltage at VCC defines a seriquqksﬁésing and falling ranp vol tages
with a hysteresis between the two thres S. The out put of error
anplifier 34 is coupled to nodul ators 3538, which are also coupled to the
soft start rising reference voltage | evel obtained fromsoft start circuit
40, and to the ranp output of an oscillator 42. The nodul ator outputs are
coupl ed to nodul ation |ogic and autonmatic burst generator 44, the latter
bei ng coupl ed F&(ﬁigglse out put of oscillator 42. The oscillator ranp

sl ope, the pulse width, and the oscillator frequency are set via external
resi stor RPO9 and capggeitor CPO9. An | S logic stage 32 preferentially
couples the input fronpthe secondary wi nding W5 of pul se wi dth nodul at or

t ransf or ner

0 -t
FIG.15 '
IJ} ///, %
0 , | _
t ty ‘
FIG.16
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LP42 through to the output of controller 20, via a resistor RPAl. However
“when no pul ses are received through resistor RP41, the output of nodul ator
togic elenment 44 is coupled through to the output of the controller. . .
Regul ation pulses fromIS logic block 32 are coupled to |ogic pr ocessor 52,
and through positive and negative ﬁ r vers 62, 6PhisShedDEssiB laceg ali
out put transistors 66, 68. Qutput nE ors 66, 68 ar

alternately in a push-pull arrange erein only one(ﬂgnﬁ'mﬂﬂ Il
any one tinme. CQutput transistor 6|§p lies current to the contro
output pin via VCC and a resistor RP26 whi ch sets the positive out put
current level. Qutp kéa stor 68 sinks current from output pin 14,
effectively grou :ir ngﬁ_t/ put pin of controller 20. The out put of
controller 20 is oupl ed to the base of power transistor TP29 through a
base networKk, t—zw uding a pull-do capacitor CP24 in parallel with at

| east one di ode/"And pre |urality of di odes DP24, DP26 and DP27.
At the |ead¥gpy edpe of
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_pul se at tHe out put of co roluil'%r *QOr kmiode@ pEged .4 6 and DP27 are
“forward biased and thus idéfi-hémts)3- dprage ﬁrmppagedpﬂcl' or cl anpi ng voI tage
of about 2.1 volts. The d%&w:dg(sprpagsd $he pagedni¥m thar ge fo ASERBSLL Or
CP24. At the trailing edgé ofwtercpul spaged .ph®d pagedut.. 0 VS 2 YO
out put transistor 68 grqunds the nore positive term nal
capacitor CP24, thus pl cirpg;--@{p‘egﬁg@ oftfdge of 2.
Cransistor - T RE ECRIPT .S !

ks L

switched mode power supply having 4 pE()Wéf itan‘sistor couptet
5 a controller via a pull down capacitor, and wherein the pull down
capacitor is precharged for achieving stable operation promptly
after plug-in startup.
A switched mode power supply transfers a variable amount
of power from an unregulated DC supply voltage to load circuits

10 coupled to secondary windings of a power transformer. In
conjunction with a pulse width modulator, a power supply
controller applies pulses to the primary winding of the
transformer via a power transistor. By feeding back the voltage
level at a given secondary winding and varying the pulse width to

15 maintain the voltage at the secondary winding equal to a
reference level, the power supply regulates the voltage in all of
the secondary windings.

An example of a switched mode power supply controller is
SGS-Thomson Microelectronics type TEA2260. The pulses applied

20 to the primary winding of the power supply transformer by the
TEA2260 controller are synchronized to the horizontal retrace
pulses in an operational mode or run mode, and are internally
generated by the controller in the standby mode, when retrace
pulses are not produced. The current pulses in the power-

25 transformer are varied in pulse width for regulating the output
voltage at the secondary windings, including the B+ scan supply
voltage which is applied to the flyback transformer, but loaded
only in the operational mode.

In the operational mode, the B+ voltage is fed back to the

30 controller in the form of a pulse width modulated signal obtained
from a pulse width modulator located on the secondary side of the
power transformer, the feedback being sent to the controller
located on the primary side via a signal transformer. The
switched mode power supply remains active in both the run mode

35 and the standby mode, providing power in the standby mode to
those circuits which control switching between the run mode and
the standby mode, such as the infrared receiver and the system
microprocessor which monitors the infrared receiver. In the run
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~TP29. The negative voltage fromthe accumul ated charge in capacitor CP24

" generates a negative base current which sweeps out the base charge in power
transi stor TP29. This quickly stops conduction of TP29. Inductor LP28,
paral |l el ed by a danping resistor RP28, provides current pulse shaping to

t he base of transistor TP29. A resistor 29 provi des base-em tter biasing.
The LC network, including inductor LP28 &nd the transistor base

capaci tance, est abl i shes t he sl ope of the reverse base current in power
transi st or TR26dehthe tshitdhade meder powerssupplyenptvaniyepowgrs Hbe apgivecat i on

of a negativeyp Ablflﬁge clrEQIls CHRACAISS! pbBRfs iBdBEbADE uhibfoRficbage of rouit

Is al so responsl cer‘t %D a eg‘F e@ (i%gontr Il er
out put vol t agd1Y& ogxzonﬁ eS}“’BnG"PH“t ¢ ddybackderi¥pd (e. g,
FIGURE 13). high vélttageh oxedrl ewpply. ofTHer Busisapply Viehage afodathei fyback

CPos and. oP3 ?%'S%f“%g %y ngﬁ'f' " Shedples SHRE e Bhp Wé?. % or “ReaL
respecti vel y switched imodelgpawen suppbh@osa'oﬂnuanp wimdioth e romi wiedpr ovi des
and the standby mode.
To enter the standby mode, the horizontal oscillator is
disabled by a signal generated by the system microprocessor.

10 When no horizontal signal is available, in the absence of horizontal
scanning, the TEA2260 controller free runs at a pulse frequency
defined by the time constant of a capacitor and resistor coupled
thereto, and. regulates its output by feedback from a secondary
winding of the power transformer which generates the VCC

15 supply voltage to the TEA2260 controller, instead of feedback
from the pulse width modulator as a function of the B+ level.

Whereas the controller VCC supply voltage is generated as a
result of controller output pulses, it is necessary to start up the
controller into operation from an independent voltage supply

20 when the receiver is first coupled or plugged in to the AC mains.
A supplemental startup supply circuit including a storage
capacitor is coupled to the VCC input to the TEA2260 and charged
via the AC mains at plug-in startup. Once the controller is.
powered by the voltage ramping up in the storage capacitbr to

25 adequate operational levels, the controller begins to generate
pulses and can regulate its own VCC level via the feedback from
the power supply transformer secondary winding. The VCC level
is brought up to a nominal level while being subject to current
limiting slow or soft start controls and maximum output

30 limitations which are internal to the TEA2260 controller, and are
intended, among other things, to avoid an initial current surge
upon plug-in startup.

There is a substantial difference in current loading of the
switched mode power supply between the run mode and the

35 standby mode. It is difficult to provide a power transistor capable
of driving the primary winding of the power supply transformer
at the relatively high power levels needed for operation in the run
mode, and also at the very short pulse widths needed in the
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power for VCC of the controller 20, other secondary w ndings W, W and W
" provide other output voltages which are regulated by the controller,
together with regulation via the B+ supply during scanning or the VCC
supply in the absence of scanning. The signal on secondary winding W2 is
rectified by a diode DP50 and filtered by a capacitor CP51, providing the
regul ated B+ output at +118V for pomeringshorizontal deflection circuit 88.
A +19V supply is provided by winding W, "as rectified by di ode DP63 and
filtered by capacitor CP64, for energizing a |l oad, shown as resistor RL1

W ndi ng Wb pr standby m-virﬁifl% TEA220DPvas anbusstcEsle toraccpuanedate
energi zi ng a §@pdpoweeWeqiirdiREitst @iriffk2standby. TTAE tRAt RRGde/Otfeages at al |
the Secondary ut bdhig9S LA’ b8 SiTeEbh o5 Pilsb SIS 0I% e
with regulat|8ﬂ Gplﬁgta y & P ’ P

storage capacitors coupled to the standby loads discharge within a

5 specific range, and then resumes generation of a burst of pulses.
The burst mode is thus characterized by periodic occurrences of
pulse trains from the switched mode supply controller of
sufficient duration to drive VCC to an upper limit, followed by a
lapse of pulses during which VCC decays to a lower limit.

10 In the run mode of the television receiver, the TEA2260
controller operates in a slave mode responsive to a master pulse
width modulator coupled to an operational supply on the
secondary side of the power transformer. In the standby mode,
however, the secondary side input from the pulse width

15 modulator is missing, and accordingly the controller assumes a
primary regulation mode wherein its error input, derived from
VCC, is the basis of control. This latter situation characterizes the
standby burst mode. In the run mode, when the pulse width
modulator is driving the controller, the primary side error imput is

20 ignored.

The output stage of the TEA2260 controller has a push-pull
output stage including two Darlington NPN transistors operated
alternately, for producing substantially square pulses. The power
transistor coupled to the output of the controller for driving the

25 primary winding of the transformer should be shut off sharply at
the end of a pulse, such that conduction in the power transistor,
and therefore conduction in the primary winding of the power
transformer, correspond closely to the controller output pulse
width. However, power transistors are constructed for

30 accommodating substantial current capacity rather than for quick
turn off. In saturation of the power transistor during a pulse, a
relatively large base region charge is accumulated. As a result the
power transistor continues to conduct after the trailing edge of a
control pulse, so long as base charge remains. It is known to shut

35 the transistor off more quickly by draining the base charge at the
end of a pulse. The time during which the power transistor
continues to conduct after the pulse input at the transistor base
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1 2 by controller 20. Since controller 20 operates in both the run node
“and the standby node, the secondary supplies including the B+ voltage are
al ways generated. The +19V supply is further regulated to +5V by a
regul ator 26, for providing a stable supply voltage to m croprocessor 82,
notwi thstanding the rise and fall of VCC during standby in the burst node
of controller 20. According to an ifiventive feature, the positive
term nal of the pull-down capacitor CP24 is coupled to the unregul at ed

i nput vol t agegddsNow g KR6REUALLRE tiph toFPedlh)N @PReaAd iasludesnthas the
circuit is coupled to the AC mains, i.e., before controller 20 begins to

out put pul seSIOREE tHMPng di agrams of FIGURES 2-9 illustrate
In a known base pull down circuit for draining base charge

in a power transistor, a capacitor is coupled in parallellwith a
5 zener diode, and in series between the output of the controller
and the base of the power transistor. When the controller output
is high, the capacitor provides current to the transistor base until
the zener breaks down, and thereafter the zener conducts base
current. The capacitor charges to a voltage defined by the
10 breakdown voltage of the zener diode. When the output of the
controller goes low, the capacitor applies a tiegative voltage to the
base of the transistor, and sweeps out the base charge to turn off
the transistor more quickly than it would turn off if the pulse
were coupled directly to the base of the transistor. Sweeping out
15 the base charge also takes time, but this provision at least
shortens the pulse width of the current in the transistor collector
to a width more nearly equal to the width of the controller output
pulse.
It is also known to provide means for impressing a negative
20 voltage on the output of the controller by developing a negative
voltage from one of the secondary windings of the power
transformer, and then coupling the negative voltage to the emitter
of the output transistor which pulls down the output voltage of
the controller between pulses. Such a procedure is not available
25 where the controller is an integrated circuit such as the TEA2260.
The emitter of the output transistor in the integrated circuit is
internally coupled to ground, and is thus inaccessible for coupling
to a negative bias. Furthermore, undesirably, an additional
negative voltage supply must be included in the power supply.
30 When plugged into the AC mains, the television receiver
starts up in the standby mode and the controller operates in the
burst mode, providing bursts of short pulses for driving VCC at
the controller upwardly within its limits. The controller comprises
a number of internal protective circuits which limit the current
35 output of the switched mode power supply such that an initial
surge of current is not provided when the receiver is first coupled
to the AC mains. A problem is encountered during plug-in startup
of the switched mode power supply circuit. The pulldown
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~steady state circuit conditions in the standby node of the television
recei ver, when the controller 20 operates in its burst node. FlI GURES 10-20
illustrate circuit conditions followng plug- in startup, i.e., initial
connection of power to AC nains 22. Al the figures represent idealized
traces of the respective signals, with certain noise and coupling effects
omtted for clarity. The output pul ge V[err] of controller 20 goes
high at time t[err] of Figure 5, and remains high until tinme t2, when the

ot Phe base o Hr i 5elitsrbetiikbn, e 30t e g RonuaBR ey 37 0} 129
trailing edgebase ofetheosrangister (phiicte capacitoniie toobeheharged byaewfputn t he

pover transi sp@lsed H28m ARe acdxﬁﬁdllér? Hds2ndt Sjel! bddi? Lhafsdd. NUTRe tgowenduct
col l ector currtent. *n saturatblgogp{lg I ereds, the
0

W ng, {1 ne t2. Wh
bushepul | out PABSISI e GARAgE 9B r iy i depeRdabiss LT 105 m nal of
capaci t or SCP2gerod t imemed#iteiyn @fted gplugtine startupent Of ncdourse bde isf theower

transi Stor TPeAbal Pepfol AndreltP the: pfiiedibitdbild GFER ToAMIRr 47

current from capaci R X
expected to prevent a current surge. The storage time during

which the power transistor conducts after the falling edge of a
controller pulse is long, leading to undependable operation of the

10 switched mode power supply during startup. More particularly,
the ineffectiveness of the uncharged pull-down capacitor is such
as to defeat initial operation of the protective circuits.

It is a feature of the invention to provide a television

receiver comprising a switched mode power supply for regulating

15 at least one output voltage by generation of output puises coupled
to a power transistor, The power transistor is coupled to a
primary winding of a power transformer which is coupled to the
unregulated input voltage. The switched mode power supply has
a sense input coupled to a secondary winding of the power

20 transformer and is operable to regulate the output voltage by
modulating a width of the output pulses so as to maintain the
output voltage at a predetermined level. A circuit couples the
output pulses to the base of the power transistor, the circuit
comprising a pull down capacitor in series with the base, and at

235 least one diode in parallel with the pull down capacitor, whereby
during the output pulses the pull down capacitor is charged
according to a first polarity causing the power transistor to
conduct. Following a pulse, the capacitor applies an opposite
polarity to the base of the power transistor, for sharply ceasing

30 conduction of current through the power transistor and the
primary winding. Means coupled to the unregulated input voltage
and to the capacitor precharge the capacitor upon initial
appearance of the unregulated input voltage.

In accordance with a further feature of the invention, a

35 television receiver comprises rectifier means providing an
unregulated input voltage when coupled to AC mains. A switched
mode power supply with a power supply controller regulates at
least one output voltage by generation of output pulses coupled to
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CP24 sweeps out the base charge. Capacitor CP24 is normally charged to
“about 2.32 V. The base charge is also drained due to collector conduction
of transistor TP29, at a relatively slower rate. The tinme fromt2 to t3
during which the charge in the base region is drained, defines the storage
time of the circuit. When the base-emtter charge.is exhausted at tine
t3, current in the base of transistor TPgQ qui ckly goes to zero as shown in
FI GURE 3, and the voltage at the base goes negative as shown in FlI GURE 2.
About 3.24 m croseconds el apses as the

10

15

20

25

30

35

a power transistor, the power transistor being coupled to a
primary winding of a power transformer which is coupled to the
unregulated input voltage. The power transformer has a
secondary winding coupled to a power input of the power supply
controller, the controller being operable to modulate a width of
the output pulses to maintain the power input at a predetermined
level. A startup voltage source iscoupled to the unregulated input
voltage for providing power to the power input upon initial
coupling to the AC mains, thereby initiating operation of the
controller until power is available at the secondary winding of the
power transformer. A network coupling an output of the power
supply controller to a base of the power transistor comprises a
capacitor in series between the output of the controller and the
base, and at least one diode in parallel with the capacitor,
whereby during an output pulse of the controlier the capacitor is
charged according to a first polarity, causing the power transistor
to conduct, and following a pulse the capacitor applies an opposite
polarity to the base of the power transistor, for sharply ceasing
conduction through the power transistor and the primary winding.
Means coupled to the unregulated input voltage and to the
capacitor precharge the capacitor upon coupling the rectifier
means to the AC mains, and prior to generation of the output
pulses by the controller. .':'_

In accordance with another feature of the invention, a
switched mode power supply comprises a source of unregulated
voltage, a load; and a switching transistor coupling said source to
said load. A capacitor is coupled to a control terminal of said
transistor. A source of control pulses is coupled to the control
terminal of said transistor through said capacitor. Means charges
said capacitor from said source of unregulated voltage.

FIGURE 1 is a detailed schematic diagram showing the circuit
of the invention.

FIGURES 2-4 are corresponding timing diagrams illustrating
the normal operation of the switched mode power supply, FIGURE
2 showing the voltage signal at the base of the power transistor,
FIGURE 3 showing the current signal, and FIGURE 4 showing the
collector current.
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-1 3 saturation excess charge is renoved fromthe base. The base-emtter
junction becones reverse biased, switching the transistor off. Reversing of
the bias of the base-emitter junction and the cessation of current in the
col l ector occur between tinmes t3 and t4, providing the downranpi ng portion
of the current waveformin the collector, and therefore in the primary

wi ndi ng of the power transforner, as shoWn in FIGURE 4. The voltage at the
base of transistor RP29 then returns to a slightly negative voltage, due to

the charge on capagdUREEAioant %?f&g?sh@gg i QRgtahy og-AYE ot

sensing resistor RP32, S|gg resi stof RP29, and 1 nductor LP28
ringi ng occur®rmal; Apesption of| they POKET sUPRIYy ANG iR 3 MQES tCOTRRIeASeDhCi at ed
wi th transi stimeThs@fle, respectively|sHdWing, thehavolragpesat ithe owtpef @fnshear e shown

Ot Oe e ", AR oot hagd . Ul i, AL e 20 Vo)

5 voltage at the base of the power transistor, the current in the

pull-down capacitor and the voltage across the pull-down

capacitor.

FIGURES 10-13 are corresponding timing diagrams showing

plug-in start-up operation of the circuit according to the

10 invention, in particular during the first pulse from the power
supply controller, respectively showing the voltage at the base of
the power transistor, the current in the base of the power
transistor, the voltage at the output of the ‘controller, and the
current in the power transistor collector.

15 FIGURES 14-17 are corresponding timing diagrams showing
plug-in start-up operation of a circuit as in FIGURE 1, but where
the pull down capacitor is not precharged. FIGURES 14-17
correspond to FIGURES 10-13 for such a circuit.

FIGURE 18 is a timing diagram showing the voltage across

20 the pull-down capacitor following coupling of the receiver to the
AC mains, illustrating precharging of the pull-down capacitor.

FIGURE 19 is a timing diagram according to the invention,
showing the voltage at the base of the power transistor over an
extended time following start-up, with precharging of the pull-

25 down capacitor.

FIGURE 20 is a timing diagram comparable to FIGURE 19,
showing the voltage at the base of the power transistor over an
extended time following start-up, but without precharging of the
pull-down capacitor.

30 In FIGURE 1, power to the television receiver from AC mains
22, which can be between 90 and 250 VAC for operation
worldwide, is full wave rectified by bridge 24 and filtered by
capacitor CP06 and resistor RP0O3, to provide the unregulated
input voltage VIN, coupled to the primary winding W1 of power

35 transformer LP36. The other terminal of winding W1 is coupled
to the collector of power transistor TP29, which is driven by the
output of switched mode power supply controller 20, such as
SGS-Thomson Microelectronics type TEA2260, the respective pin
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an initial spike due to the high reactance of inductor LP28 at this edge,
"and sone trailing ringing, due to current reversal and capacitive

i nteraction at the base of the power transistor TP29. Following the initial
spi ke, the level of the pulse increases wth charging of capacitor CP24,
however, the charging of capacitor CP24 during any one pulse is mninmal,

bei ng onI y sufficient to replace the charge drained from capacitor CP24
during the remai nder of a cycle. As a re§u|t in normal operation, as shown
in FIGURE 9, the voltage across capacitor CP24 remai ns relatively snooth,
having a char gimgepshafecédumsntidqnseso tther edntraller] deidg ashdwa dnsthear gi ng phase
as the base cﬁ%r is drained fromtines t[err] to tferr]. I n Fl GURE
6, the curren ?err in the base of transistor TP29 is P05|t|ve during the
vol tage pul se V[ erQmefPHﬁf 20ehas twp tqperationalnmadeyer dasthgt slaveqowdeo t he

e Vol tage. Pl e D e Bt e B T ope
defined by i ntFQBt dt bafsst Wil modgadt 0o (e SRt Beq iR PF&Fr] and
returns to controls the energy transferred from unregulated input voltage
VIN to the B+ regulated output and other secondary supplies of
transformer LP36. The B+ output is coupled to a horizontal
deflection circuit 88, for driving horizontal scanning via a flyback
transformer (not shown) and thereby coupling power to various
loads which are energized only in the run mode of operation of
the television receiver. The pulse width modulator is coupled to
the B+ supply and to synchronizing pulses VS from the horizontal
deflection circuit 88.

In a second mode of operation of controller 20, i.e., when no
width modulated pulses are applied for regulation from the
secondary side of the power supply due to lack of horizontal
scanning, controller 20 reverts to a primary regulation mode
based upon an error input derived from secondary winding W3 of
power transformer LP36. Regulation via the error input is active
only in the absence of pulses from the secondary side feedback
from pulse width modulator 92. When such pulses are present
the error input is ignored. .

The television receiver powers up operation in the standby
mode when coupled to AC mains 22, and can be switched into the
run mode under control of microprocessor 82. Microprocessor 82
as well as the power supply controller 20 are powered during the
standby mode as well as the run mode. Microprocessor 82 has an
input ON/OFF coupled to a switching means, such as an infrared
receiver, and an output coupled to horizontal deflection circuit 88
for disabling the horizontal deflection circuit and switching into
the standby mode. '

When first coupled to AC mains 22, power to the VCC pin of
controller 20 is provided by a startup current supply coupled to
the unregulated VIN voltage from bridge rectifier 24. Capacitor
CP28, which is coupled to VCC pin 16 of controller 20, is charged
through a relatively high value current limiting resistor RP06. As
the VCC voltage across capacitor CP28 ramps up, controller 20
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zero at tferr]. Whereas in nornmal operation capacitor CP24 remains
“substantially charged as shown in FIGURE 9, the voltage V[err] as shown in
FIGURE 7 is negative except during the interval fromt[err] to t[err],
i.e., during the pulse fromcontroller 20 and after the pul se

14 fromt[err] to t[err], while the base emtter charge is swept out. The
current in capacitor CP24 as shown in FI%URE 8 is also negative

becomes operational and begins,to output pulses. The output
pulses from controller 20 are coupled to power transistor TP29
which couples the unregulated VIN to primary winding W1 of
power transformer LP36. The resuiting pulses on secondary
winding W3 are rectified by diode DPOS, filtered by capacitor
CP28, and coupled to the VCC input of controller 20. The
controller thus powers itself after starting initially from the
charge applied to capacitor CP28 through start-up resistor RP06.

Controller 20 has a number of internal limiting and
shutdown circuits 50 to prevent overvoltage or overcurrent
conditions from occurring or persisting, and can limit its output as
the power supply powers up, for avoiding a potentially damaging
surge of current into uncharged storage capacitors, and the like,
upon start-up. To this end, a soft start circuit 40 is coupled to a
capacitor CPO8 to define the rate at which the amplitude of
successive output pulses can increase. According to the TEA2260,
minimum and maximum VCC voltage limits are established by a
VCC monitoring circuit and overvoltage comparator in a protection
circuit 50. Repeated overload is sensed by a comparator coupled
to internal voltage and current references. Maximum output
current in power transformer LP36 is limited by current limiting
comparators coupled to a current sensing resistor RP32 in_ series
with the emitter of power transistor TP29. Demagnetization is
sensed by winding W3 being coupled to protection circuit 50 at
pin 1.

In the standby mode, when no pulses are provided from
pulse width modulator 92, controller 20 regulates the voltage
from secondary winding W3 as sensed at the error input, pin 6, of
an error amplifier 34. The sensed level is provided via a voltage
divider comprising resistor RP14, variable resistor PP16 and
resistor RP13, coupled between VCC and ground. The sensed
voltage level is thus a proportion of VCC, and is compared with an
internal reference, VREF, of 2.49 volts coupled to the noninverting
input of error amplifier 34. Resistor RP17 is coupled between the
output of the error amplifier 34 and the inverting input, to set the
gain of the error amplifier.

When operation of controller 20 has driven VCC to a high
enough level that the error amplifier output indicates that a high
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bet ween pul ses, due to a current path from ground through resistors RP32,

" RP29 and inductor LP28. Between t2 and t3, the current in capacitor CP24 is
reversed, corresponding to the reversal of current in the base (FI GURE 6).
The charging of capacitor CP24 between t[err] and t[err] is equal to the

di scharging fromt[err] to t[err], plus the dischargi ng which occurs

bet ween pul ses. Accordi ngly, the capaci aﬁr voltage is relatively steady as
in FI GURE 9. Nor mal operation of e circuit relies on the voltage
across capacitor CP24 to turn off the power transistor TP29 within a short
time foll owi ngCheahtashiold gveddms obeen aoatired, | @yntellere 20Thrtees ithea m ni mum
limt, howev . , ven:nul | d a.ce I netime
el apses whi | gg%rﬁ{e)qﬁggie%ﬁ{aﬁﬁ{eﬂﬁ%w%mgg{sgg r@gn ﬁearﬁglé‘%}["f& R%&QQEAg%%r.E)lfng to
an inventive ‘ﬁ’éa‘if?.fp’é%ncﬁpwc?rﬁﬂ valtage N REE sather thar H00%u; (Genpratien AC

mai ns, capacig¢pufdddiceédseshandethet MCOOVoltagd acéwpulaed Sinoktorig?4. As shown

|1 FIIGURE 18, sl "8 SIS e kg B (Pna RBP4 1o
90% threshold. At that point, controller 20 resumes the original
100% threshold level and outputs a train of pulses to recharge the
VCC output to produce a 100% reference level at the inverting
input of comparator 34, and so forth. The regulated output
voltage at VCC defines a series of rising and falling ramp voltages
with a hysteresis between the two thresholds.

The output of error amplifier 34 is coupled to modulators
36, 38, which are also coupled to the soft start rising reference
voltage level obtained from soft start circuit 40, and to the ramp
output of an oscillator 42. The modulator outputs are coupled to
modulation logic and automatic burst generator 44, the latter
being coupled to a pulse output of oscillator 42. The oscillator
ramp siope, the pulse width, and the oscillator frequency are set
via external resistor RPO9 and capacitor CP09.

An IS logic stage 32 preferentially couples the input from
the secondary winding WS of pulse width modulator transformer
LP42 through to the output of controller 20, via a resistor RP41.
However when no pulses are received through resistor Rl_?'fil, the
output of modulator logic element 44 is coupled through to the
output of the controller. Regulation pulses from IS logic block 32
are coupled to logic processor 52, and through positive and
negative output drivers 62, 64 to Darlington pair output
transistors 66, 68. Output transistors 66, 68 are operated
alternately in a push-pull arrangement wherein only one is
conductive at any one time. Output transistor 66 supplies current
to the controller output pin via VCC and a resistor RP26, which
sets the positive output current level. Output transistor 68 sinks
current from output pin 14, effectively grounding the output pin
of controller 20.

The output of controller 20 is coupled to the base of power
transistor TP29 through a base network, including a pull-down
capacitor CP24 in parallel with at least one diode, and preferably a
plurality of diodes DP24, DP26 and DP27. At the leading edge of a

This is the replacement sheét
= 7 JUN 938
Date:



and DP27, before the power-up supply voltage VCC of controller 20 is high
“enough for the controller to begin outputting pul ses. The first pul se
following plug-in startup as shown in FIGURES 10-13 is nmuch the sane as the
steady state pul ses di scussed above. Following the trailing edge of the

vol tage pulse V[err] at the output of controller 20 (FIGURE 12), the base
current I[err] reverses due to the voltage reversal (FlIGURE 10) provided by
out put transistor 68 grounding the positjye term nal of capacitor CP24,
sweepi ng out the base-emtter charge. Wien the charge is exhausted at tine

t3, the base curren t er.o er I rent
drops to zeropu E&F‘Fe%‘fté?}“ q?r %‘htfoﬁ%fc;fb (ﬁ:\{’ﬁj%ﬂg)sﬁ% P%gb M)D ong as
transi stor TP@gelf@rwndlubtasn@ and thupedéfing abbdiode 3rap, \ﬁlaPﬂpléPrst orage

time of about cf, ﬁ{ Yotag elsOf HHRubVEEPLHNs.Of ThRedRRRs &éterdiie shsuch t hat
t he cessation of

falling edge &% ’EIHH“’EO‘T%"&%PC rentaﬁ&ﬁl %Fg%l%z tfe lt%ﬁmﬁ §P“?‘{% %6?\'; I:Ig[)i E:Pgd
in FI GURES 10phbsecan the diuwput lof cmmaﬂad?lﬁ) ointpup etrfimsisten c68 ofrauinds sanme
circuit in the,absepESp&itive terminal of pull-down capacitor CP24, thus
placing a negative voltage of 2.1 volts on the base of transistor
TP29. The negative voltage from the accumulated charge in
capacitor CP24 generates a negative base current which sweeps
out the base charge in power transistor TP29. This quickly stops
conduction of TP29. Inductor LP28, paralleled by a damping
resistor RP28, provides current pulse shaping to the base of
transistor TP29. A resistor RP29 provides base-emitter biasing.
The LC petwork, including inductor LP28 and the transistor base
capacitance, establishes the slope of the reverse base current in
power transistor TP29 when the base current is to be reversed by
the application of a negative voltage from capacitor CP24.
Inductance in the base circuit is also responsible for certain spikes
which appear in the controller output voltage (see, e.g., FIGURE 5)
and in the collector current (e.g., FIGURE 13).

At the collector of transistor TP29, a damping arrangement
is defined by diode DP29 and resistor RP31, with capacitors CP29
and CP31 being coupled in parallel with diode DP29 and. resistor
RP31, respectively.

In addition to the secondary winding W3, which provides
power for VCC of the controller 20, other secondary windings W2,
W4 and W35 provide other output voltages which are regulated by
the controller, together with regulation via the B+ supply during
scanning or the VCC supply in the absence of scanning. The signal
on secondary winding W2 is rectified by a diode DP50 and filtered
by a capacitor CP51, providing the regulated B+ output at +118V
for powering horizontal deflection circuit 88. A +19V supply is
provided by winding W4, as rectified by diode DP63 and filtered
by capacitor CP64, for energizing a load, shown as resistor RLI.
Winding W5 provides +24V via a diode DP92 and a capacitor CP86
for energizing a load, shown as resistor RL2.

The output voltages at all the secondary windings of power
transformer LP36 are regulated together with regulation of VCC
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15 resistor RP324 precharging capacitor CP24, as shown in Fl GURES 14-17.

FI GURES 14-17 illustrate the initial pulse. However, the differences in the
waveforms of FI GURES 14-17, as conpared to FIGURES 10-13, will persist over
a nunber of controller pulse cycles. The base voltage as shown in FI GURE 14
rises at tinme tAwith the rising edge of the output pulse fromcontroller
20, shown 12

by controller 20. Since controller 20 operates in both the run
mode and the standby mode, the secondary supplies including the
B+ voltage are always generated. The +19V supply is further
regulated to +5V by a regulator 26, for providing a stable supply
voltage to microprocessor 82, notwithstanding the rise and fall of
VCC during standby in the burst mode of controller 20.

According to an inventive feature, the positive terminal of
the pull-down capacitor CP24 is coupled to the unregulated input
voltage VIN. The unregulated voltage VIN appears as soon as the
circuit is coupled to the AC mains, i.e., before controller 20 begins
to output pulses. The timing diagrams of FIGURES 2-9 illustrate
steady state circuit conditions in the standby mode of the
television receiver, when the controller 20 operates in its burst
mode. FIGURES 10-20 illustrate circuit conditions following plug-
in startup, i.e., initial connection of power to AC mains 22. All the
figures represent idealized traces of the respective signals, with
certain noise and coupling effects omitted for clarity.

The output pulse Voo of controller 20 goes high at time t;
of Figure 5, and remains high until time t,, when the output drops
essentially to ground. As seen in FIGURES 2 and 7, the voltage at
the base of power transistor TP29, however, remains high
following the trailing edge of the controller pulse at t; due to the
base charge in the power transistor TP29. As a result, trillnsistor
TP29 continues to conduct collector current in saturation following
time tp.

Whereas the push-pull output circuit of controller 20
grounds the positive terminal of capacitor CP24 at the trailing
edge, the current in the base of power transistor TP29 reverses at
time tp, as shown in FIGURES 3 and 6, as current from capacitor
CP24 sweeps out the base charge. Capacitor CP24 is normally
charged to about 2.32 V. The base charge is also drained due to
collector conduction of transistor TP29, at a relatively slower rate.
The time from ty to t3, during which the charge in the base region
is drained, defines the storage time of the circuit.

When the base-emitter charge is exhausted at time t3,
current in the base of transistor TP29 quickly goes to zero as
shown in FIGURE 3, and the voltage at the base goes negative as
shown in FIGURE 2. About 3.24 microseconds elapses as the
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In FIGURE 16. Reversal of the base current at the trailing edge, tine tB,

* of the controller output pulse cannot occur or at best is only m ninal
because, in the absence of resistor RP324, capacitor CP24 is charged only
by the output of the controller 20 via current from VCC through resistor
RP26. A nunber of pul ses nmust occur to charge capacitor CP24 up to a

vol tage where the accunul ated charge is sufficient to conpletely sweep the
base- emitter charge fromtransistor TP293 At time t[err], the base
vol tage drops slightly, but the base region remains sufficiently charged to

mai nt ai n condgs%%ion of transiﬁtor TP29. At .spne t'hrre tD af.tgr the trailing
edge of the cordtyBHOB, eXehsSeCngs f5aJemoypd i |86 P45% r b stor TP29 and
ot her processdmshesmiteorhjusctiont becdmes rvarsge, biased,t svitxddrg viid age VBASE
finally drops : IS @ 4 e e r r.e | R ' TP29
has risen to atp{r{sé;;fﬁi%?ér, lIié("a‘{/églgl‘,i&aE))ga(!thE gfag ?;lg‘gkpkﬁgﬁﬁl&t@’nagﬁ{@&?i se in
t he steady staﬁ"g-l reesapien 1 of cuprent g the collegtor gecundietvaen Jimeshe base
charge. As a rtgsand tgf providingf thetdoensssping tpostioncbfirthed cprreht down

capaci tor, the gl @i in the collector, and therefore in the primary winding
of the power transformer, as shown in FIGURE 4. The voltage at
the base of transistor RP29 then returns to a slightly negative
voltage, due to the charge on capacitor CP24 and conduction from
ground through current sensing resistor RP32, biasing resistor
RP29, and inductor LP28. Some ringing occurs in the base voltage
due to parasitic capacitance associated with transistor TP29.

In FIGURE 35, the respective waveforms are shown over
several pulses from controller 20. The output of controller 20,
Vcon, shown in FIGURE 5, is substantially a square pulse, but has
an initial spike due to the high reactance of inductor LP28 at this
edge, and some trailing ringing, due to current reversal and
capacitive interaction at the base of the power transistor TP29.
Following the initial spike, the level of the pulse increases with
charging of capacitor CP24, however, the charging of capacitor
CP24 during any one pulse is minimal, being only sufficient to
replace the charge drained from capacitor CP24 during the
remainder of a cycle. As a result, in normal operation, asf-',shown

in FIGURE 9, the voltage across capacitor CP24 remains relatively
smooth, having a charging phase from times t] totp and a

discharging phase as the base charge is drained from times ty to
t3.

In FIGURE 6, the current Igsgg in the base of tramsistor TP29
is positive during the voltage pulse Vcoon from t; to t2, and
reverses at ty due to the application of the voltage across
capacitor CP24 at the trailing edge of the voltage pulse. The

current increases in negative amplitude, at a slope defined by
inductor LP28 until the charge is exhausted at t3, and returns to

zero at t4.

Whereas in normal operation capacitor CP24 remains
substantially charged as shown in FIGURE 9, the voltage Vgasg as
shown in FIGURE 7 is negative except during the interval from tj
to t3, i.e., during the pulse from controller 20 and after the pulse
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operates with a storage tinme of about 5.78 m crosecond This undesirably
" defeats the soft start protection feature of the controller which attenpts
tolimt the first current pulse to three m croseconds. A further
undesi rabl e aspect is that the positive term nal of capacitor CP24 will not
be pulled down to ground potential by conduction of Darlington transistor
68, but instead to the collector terninql vol tage level. This level for a
Darlington transistor could be significant - about 0.8 volt. The

reant o 11 BomhaZole By S She HaS: SnBinecShrtt, Br SBFPRgETor 18ber vol 1 age
condi tions. éufren€lin Saphtitor CRBIpasi shown [ FFIGWREOSeisc alsbendgativedi ti ons
when ini tiallyeeoun! shild, ik A5 TPClienP SHRH Frod %434RaCARBEERCTS and
resistors RP32, RP29 and inductor LP28. Between ty and t3, the
current in capacitor CP24 is reversed, corresponding to the
reversal of current in the base (FIGURE 6). The charging of
capacitor CP24 between t] and tp is equal to the discharging from
t2 to t4, plus the discharging which occurs between pulses.
Accordingly, the capacitor voltage is relatively steady as in
FIGURE9.
Normal operation of the circuit relies on the voltage across
capacitor CP24 to turn off the power transistor TP29 within a
short time following the trailing edge of a controller puise. There
is a minimum limit, however, because after a given pulse of any
width, a certain time elapses while the base charge is swept from
transistor TP29. According to an inventive feature, upon initial
connection of the circuit to the AC mains, capacitor CP24 is
charged through a startup resistor RP324. As shown in FIGURE
18, with initial connection to the AC mains, capacitor CP24 is
charged to the maximum 2.1V permitted by diodes DP24, DP26
and DP27, before the power-up supply voltage VCC of controller
20 is high enough for the controller to begin outputting pulses.
The first pulse following plug-in startup as shown m
FIGURES 10-13 is much the same as the steady state pulses
discussed above. Following the trailing edge of the voltage pulse
Vcon at the output of controller 20 (FIGURE 12), the base current
Igasg reverses due to the voltage reversal (FIGURE 10) provided
by output transistor 68 grounding the positive terminal of

capacitor CP24, sweeping out the base-emitter charge. When the
charge is exhausted at time t3, the base current returns to zero at

t4 and the collector current drops to zero. The collector current

ICOL continues to increase so long as transistor TP29 is
conducting, to a peak of about 1.3 A, with a storage time of about
2 microseconds. The sweeping of the base charge is such that the
cessation of collector current (FIGURE 13) follows shortly after the
falling edge of the controller output pulse.

The situation depicted in FIGURES 10-13 can be directly
compared to the performance of the same circuit in the absence of
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16 conponents of the load circuits draw maxi num current. The |ack of an
“effective neans for sweeping out the base charge in power transistor TP29,
during start-up phases of operation, tends to defeat the protection
circuits because transistor TP29 continues to conduct for a |longer tine
following the trailing edge of a controller pulse. The controller is |less
able to precisely control the output of the power supply. FI GURES 19
and 20 conpare the start-up operation oflbhe circuit of the invention with
a conparable circuit |acking precharging of the pull-down capacitor. In

FIGURE 19, theesbRgss RP324 precharging capacitor CP24, as shown in FIGURES
14-17. FIGURES 14-17 illustrate the initial pulse. However, the
differences in the waveforms of FIGURES 14-17, as compared to
FIGURES 10-13, will persist over a number of controller pulse
cycles. The base voltage as shown in FIGURE 14 rises at time tp
with the rising edge of the output pulse from controller 20, shown
in FIGURE 16. Reversal of the base current at the trailing edge,
time tg, of the controller output pulse cannot occur or at best is
only minimal because, in the absence of resistor RP324, capacitor
CP24 is charged only by the output of the controller 20 via
cutrent from VCC through resistor RP26. A number of pulses
must occur to charge capacitor CP24 up to a voltage where the
accumulated charge is sufficient to completely sweep the base-
emitter charge from transistor TP29.

At time tg, the base voltage drops slightly, but the base
region remains sufficiently charged to maintain conduction of
transistor TP29. At some time tp after the trailing edge of the
controller pulse, the base current flow in tramsistor TP29 and
other processes have exhausted the base charge, and the base
voltage Vgagg finally drops off. By this time the collector current
in transistor TP29 has risen to a much higher level, about 2.2 A
peak, than it would rise in the steady state when capacitor. CP24 is
effective for sweeping out the base charge. As a result of the
ineffectiveness of the uncharged pull-down capacitor, the circuit
operates with a storage time of about 5.78 microsecond This
undesirably defeats the soft start protection feature of the
controller which attempts to limit the first current pulse to three
microseconds.

A further undesirable aspect is that the positive terminal of
capacitor CP24 will not be pulled down to ground potential by
conduction of Darlington transistor 68, but instead to the collector
terminal voltage level. This level for a Darlington transistor could
be significant - about 0.8 volt.

The start-up output limiting circuits included in the
TEA2260 controller are meant to limit the occurrence or
persistence of overvoltage or overvoltage conditions. A power
supply is especially prone to overcurrent conditions when initially
coupled to the AC mains, because storage capacitors and other
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vol tage according to the invention is negative due to precharging of

" capaci tor CP24 when the first pul se occurs at the output of controller 20.
A transient variation in the anplitude of the | ow going base voltage spike
occurs as the voltage at the positive termnal of capacitor CP24 drops to
Its steady state val ue. However, the power supply pronptly achi eves steady
state operation. In FI GURE 20, the. base voltage is near zero rather

t han negative preceding the first contrql er pul se. The negative base
voltage spike is mssing or small for a nunber of successive cycles during
which the controller is relatively |ess able to precisely control the
current in tr&eEIPOpgAtsTPSotheplead givpuitsadgpw naKIBERYL fYETentapddiet fackcp24

becones charged 40 ethsativel nfeads fdie swaspin Obhaqﬁepb@sbe_dha@eairp%mxdmmft0
P GRES: 10 and I 4 5a £8P isﬁ%ﬂfﬁéﬁéf'%&%“§bsw§i°é§§§ﬁr§$a g o
oper ati on, dudefaptwiiec tprotactionalcitcudtspbecatsei dransistoni TR2%f cortinussntool | er
are relativel ¥oh86d 66t laVfonder AHENFONOWIHY N WrailingChasdid%a t SntPitidr

pulse. The controller is less able to precisely control the output of

the power supply.

FIGURES 19 and 20 compare the start-up operation of the
circuit of the invention with a comparable circuit lacking
precharging of the pull-down capacitor. In FIGURE 19, the base
voltage according to the invention is negative due to precharging
of capacitor CP24 when the first pulse occurs at the output of
controller 20. A transient variation in the amplitude of the low-
going base voltage spike occurs as the voltage at the positive
terminal of capacitor CP24 drops to its steady state value.
However, the power supply promptly achieves steady state
operation.

In FIGURE 20, the base voltage is near zero rather than
negative preceding the first controller pulse. The negative base
voltage spike is missing or small for a number of successive cycles
during which the controller is relatively less able to precisely
control the current in transistor TP29. Over about 3.82 .
milliseconds, capacitor CP24 becomes charged to about 1.8-V, the
base voltage preceding a pulse drops to negative, and steady
operation is achieved. However, direct comparison of FIGURES 19
and 20 shows that the interval to achieve steady state operation,
during which interval the protection circuits of the controller are
relatively ineffective, is much shorter when precharging the pull-
down capacitor according to the invention than when starting up
without a voltage therecon. Whereas the circuit of the invention
achieves its short storage time upon the initial controller pulse, a
comparable circuit operating, for example, at 18 KHz requires
some 68 cycles over 3.8 milliseconds to achieve a short storage
time.
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down capacitor according to the invention than when starting up without a
“voltage thereon. Wiereas the circuit of the invention achieves its short
storage tine upon the initial controller pulse, a conparable circuit
operating, for exanple, at 18 KHz requires sone 68 cycles over 3.8
mlliseconds to achieve a short storage tine. ——

o ¥ AR R A

1. A television receiver comprising:

a switched mode power supply for regulating at least one
output voltage by generation of output pulses '(Vcon) coupled to a
power transistor (TP29), the power transistor being coupled to a
primary winding (W1) of a power transformer (LP36) which is
coupled to an unregulated input voltage, the switched mode
power supply having a sense input (2) coupled to a secondary
winding (W2) of the power transformer and being operable to
regulate the output voltage by modulating a width of the output
pulses so as to maintain the output voltage at predetermined
levels;

a circuit coupling the output pulses (V. ,,) to a base of the
power transistor, the circuit comprising a pull down capacitor
(CP24) in series with the base, and at least one diode
(DP24, 26, 27) in parallel with the pull down capacitor, whereby
during the output pulses the pull down capacitor is charged
according to a first polarity causing the power transistor to
conduct, and following a pulse the capacitor applies an opposite
polarity to the base of the power transistor, for sharply ceasing
conduction of current through the power transistor and the
primary winding; characterized by,

means (RP324) coupled to the unregulated input voltage
(VIN) and to the capacitor (CP24) for precharging the capacitor
upon initial appearance of the unregulated input voltage.

2. The television receiver according to claim 1, characterized
in that the means coupled to the unregulated input voitage and to
the pull down capacitor comprise a resistor (RP324) coupled
between the unregulated input voltage (VIN) and a terminal of
the pull down capacitor (CP24).

3. The television receiver according to claim 1, characterized
by a power supply controller (20) in the switched mode power
supply, the sense input (2) being an error input of the power
supply controlier coupled to the output voltage (B+).

4. A television receiver comprising: This is the replacement shost
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What is clained is: 1. Atelevision receiver conprising: a
"switched node power supply for regulating at |east one output voltage by
generation of output pulses (V[err]) coupled to a power transistor (TP29),
t he power transistor being coupled to a primary wi nding (W) of a power
transfornmer (LP36) which is coupled to an unregul ated input voltage, the
swi t ched node power supply having a sense input (2) coupled to a secondary
wi ndi ng (W2) of the power transfornmner ar}Td%]bei ng operable to regulate the
out put voltage by nodul ating a w dth of e output pulses so as to naintain
the output voltage at, predeterm ned |evels; a circuit coupling the

out put pul ses (V[ eractifiero meanss €24 providisgennt parmguaed, inpet voltaget

conprising a Wm)d@ﬁ&h%ﬂﬁlédt% ACPgtlnd:n series with the base, and at
| east one di ode (DP2 r t he Bull down capacitor,

wher eby during theaoﬁ‘?ﬁé&‘bﬁ;‘égénP‘ﬁgcglLf:ul%lpﬁ\émvé{HBaﬁaB V&F §WPar ged

accordi ng to eomtroder @0xarforyreguliatimg) athéeasovene touapsti yodtage oby
generation of output pulses coupled to a power transistor (TP29),
the power transistor being coupled to a primary winding (W1) of
a power transformer (LP36) which is coupled to the unregulated
input voltage, and the power transformer having a secondary
winding (W3) coupled to a power input (16) of the power supply
controller, the controller being operable to modulate a width of
the output pulses to maintain the power input at predetermined
levels; o

a startup voltage source (RP06, CP28) coupled to the
unregulated input voltage for providing power to the power input
upon initial coupling to the AC mains, thereby initiating operation
of the controller (20} until power is available at the secondary
winding (W3) of the power transformer;

a network (CP24, LP28) coupling an output (V.oq) of the
power supply controller to a base of the power transistor, the
network comprising a capacitor (CP24) in series between the
output (14) of the controller and the base of the tramsistor, and at
least one diode (DP24, 26, 27) in parallel with the capacitor,
whereby during an output pulse of the controller the capacitor is
charged according to a first polarity causing the power transistor
to conduct, and following a pulse the capacitor applies an opposite
polarity to the base of the power transistor, for sharply ceasing
conduction through the power transistor and the primary winding;
characterized by,

means (RP324) coupled to the unregulated input voltage
(VIN) and to the capacitor (CP24) -for precharging the capacitor
upon coupling the rectifier means (24) to the AC mains, and prior
to generation of the output pulses by the controller (20).

5. The television receiver according to claim 4, wherein the
means coupled to the unregulated input voltage and to the pull
down capacitor comprise a resistor coupled between the
unregulated input voltage and a terminal of the pull down

L
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conduct, and follow ng a pul se the capacitor applies -an opposite polarity
"to the base of the power transistor, for sharply ceasing conduction of
current through the power transistor and the primary w nding; characterized

by, means (RP324) coupled to the unregul ated i nput voltage (VIN) and
to the capacitor (CP24) for precharging the capacitor upon initial
appearance of the unregulated input voltpge. 2. The television

recei ver according to claim1, characterized in that the neans coupled to

t he unregul ated i nput vol e and to the ca acitor c rise a
r esi gt{)rgl(JRP3§3 l‘l‘é‘gﬁlélfplc\é& Eféfvﬁgeﬁ"tﬂ‘étpﬁﬁr'égﬁ'l‘%l ¥m Wéft%{‘ﬂjéﬁ?{)/l :\I;5 and a

term nal of threnpoliedown capacitor (CP24). 3. The tel evi si on
receiver according to claim1, char acteri zed by a power supply controller

(20) in the swi tched npde power sup t he sense I nput 82 bei ng an error
i nput of the power Ssubbg teleyisio F%CIWUBF@I ing ttRecdimpt: wheredydheg+) .

power supply controller has a sense input coupled to an error
amplifier, and produces the pulses in a burst mode characterized
by distinct thresholds between which the controller regulates a
voltage at the power input, thereby providing a burst mode of
operation.

7. The television receiver according to claim 1 or 4, wherein
the means coupled to the unregulated input voltage and to the
pull down capacitor comprise a resistor coﬁpled between the
unregulated input voltage and a terminal of the pull down
capacitor, and wherein the power supply controller has a push-
pull output stage, the pull down capacitor being coupled to the
push-pull output stage.

8. The television receiver according to claim 7, wherein the
power supply controller comprises an integrated circuit having
biasing terminals for the push-pull output stage which are
internal to the integrated circuit and are therefore inaccessible.

9. The television receiver according to claim 7, wherein the
resistor is coupled to an output of the push-pull stage which is
coupled to the pull-down capacitor.

10. A switched mode power supply comprising:

a source (VIN) of unregulated voltage;

a load (88);

a switching transistor (TP29) coupling said source to said
load;

a capacitor (CP24) coupled to a control terminal (base) of
said transistor;

a source (20) of control pulses (V. op) coupled to the control
terminal of said transistor through said capacitor (CP24);
characterized by
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4. A television receiver conprisi ng:
© 18 rectifier means (24) providing an unregul ated input voltage (VIN)
when coupl ed to AC nai ns; a switched node power supply with a power
supply controller (20) for regul ating at | east one out put voltage by

20

means (RP324) for charging said capacitor {CP24) from said
source (VIN) of unregulated voltage._

11. A power supply according to claim 10, characterized by
means (DP24, 26, 27) for clamping the voltage across said
capacitor (CP24) to a predetermined value.

12. A ;iower supply according to claim 11, characterized in
that said clamping means comprises diode means (DP24, 26, 27).

13. A power supply according to claim 10, characterized by
an inductor (LP28) coupled in series with said capacitor (CP24).

14. A power supply according to claim 10, characterized by
a transformer (LP36) coupled between said transistor (TP29) and
said load (88).
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generation of output pulses coupled to a power transistor (TP29), the power
“transistor being coupled to a primary winding (W) of a power transforner
(LP36) which is coupled to the unregul ated i nput voltage, and the power
transfornmer having a secondary wi nding (W) coupled to a power input (16)

of -the power supply controller, the co@Iroller being operable to nodul ate a
wi dth of the output pulses to maintain the power input at predeterm ned

levels; SSRIPEHED MODK 286w R qﬂﬁp g he
unr egul ated input voltage for p}?tg\lléltgﬁpﬂﬁv%mgﬁﬁ% power |nput upon
initial coupling to the AC nmains, the Il ati ng operation of the

controller (20) until power is avail able at the secondary w ndi ng (V\B) of

the power transforngr televisior® reBL RS nds B2 dwidcRed) ol pbAidr gy Phir
(V[err]) of the vver s controller t? %base of \}@Eﬁ?er ansi st or,
t he networ k co‘?ﬁg %IF% %"RHHB‘P“E@?ZEBCP 10ge 3 é‘:?vffgt QREToUL put ( 14)
of the control ﬂel?SGa)ndhatrhfg e priméryt weindisg (Wi preoupied ato laaashrepidardidode
(DP24, 26, 27)v61@a&ar(%‘lli\ﬁ'l vy tahpE)uf%rCt?‘Ql?s%tto?r The power transistor is

controlled by pulses (V o,) from the output of a controller (20).

In order to sweep the base-emitter charge from the power

transistor in order to end collector-emitter conduction, the base of

the power transistor is coupled to the output of the pulse

generating controller via a capacitor (CP24) in parallel with at

least one diode (DP24, 26, 27). During a pulse from the controller,

the capacitor is charged to a voltage equal to the forward biased

drop across the diode(s). At the end of a pulse at the output of

the controller, the voltage across the capacitor provides a negative

voltage at the base of the transistor, thus sweeping out the base-

emitter charge and sharply turning the transistor off. In order to

assure this function of the capacitor even upon plug-in startup,

the capacitor is precharged via a resistor (RP324) coupled

between the output of the controller (pin 14) and the unregulated

voltage input (VIN).

(Reference Indicia are from Fig. 1) -
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“wher eby during an output pulse of the controller the capacitor is charged
according to a first polarity causing the power transistor to conduct, and
,following a pul se the capacitor applies an opposite polarity to the base of
“the power transistor, for sharply ceasing conduction through the power
transi stor and the primary w ndi ng; characterized by, means (RP324)
coupled to the unregul ated i nput voltage (VIN) and to the capacitor (CP24)
for precharging the capacitor upon coupling the rectifier means (24) to the
AC mai ns, and prior to generation of 1{ e out put pul ses by the controller
(20). 5. The television receiver according to claim4, wherein the
nmeans coupled to the unregul ated i nput voltage and to the pull down
capacitor conprise a resistor coupl edFbBweden the unregul ated i nput vol t age

dat i nal ,of VAWM d
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19 capacitor coupled to an output term nal of the power supply controller.

" 6. The television receiver according to claim4, wherein the power supply

.controller has a sense input coupled to an error anplifier, and produces
the pulses in a burst node characterized by distinct thresholds between

whi ch the controller regulates a voltage at the power input, thereby
provi di ng a burst node of operation.u6
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*7. The television receiver according to claiml-or 4, wherein the neans
Coupled to the unregul ated i nput voltage and to the puII down capacitor
conprise a resistor coupled between the unregul ated i nput voltage and a
term nal of the pull down capacitor, and wherein the power supply
controller has a push- pull output stage, the pull down capacitor being
coupled to the push-pull output stage. 8. The television receiver
according to claim7, wherein the power-supply controller conprises an
integrated circuit having biasing termnals for the push-pull output stage
which are internal to the integratgdgcircuit and are therefore

i naccessi bl e. 9. The television receiver according to claim7,
wherein the resistor is coupled to an output of the push-pull stage which
is coupled to theyghl F down capacitor. 10. A switched node power
supply conpri si ng: v
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"afsourc-e (VIN) of unregul ated vol t age;
tTansi stor (TP29) coupling said source to said | oad;
(CP24) coupled to a control

a load (88); a switching

a capacitor

term nal (base) of said transistor; a

source (20) of control pulses (V[err]) coupled to the control term nal of
said transistor through said capacitor (CP24); characterized by
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ﬂéo means (RP324) for charging said capacitor (CP24) from said source

(VIN) of unregul ated voltage. 11. A power supply according to claim
10, characterized by neans (DP24, 26, 27) for clanping the voltage across
"said capacitor (CP24) to a predeterm ned val ue. 12. A power supply

according to claim 11, characterized in that said clanping nmeans conprises

di ode neans (DP24, 26, 27). 13. A power supply according to claim

10, characterized by an inductor (LP28) coupled in series with said

capaci tor (CP24). 14. A power s y according to claim 10,

characterized by a transformer (LP36) c | ed between said transistor

(TP29) and
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