SWeTCHI NG PONER--SUPPLY REGULATOR The invention relates to a sw tched node
power supply; especially for television receivers, the supply having an

.. nductor and clanping diode in conbination with a switching transistor
whose: 5 duty cycle is varied at the horizontal scanning rate, to regul ate
an out put voltage level of a power supply. Switching regulators use the on
and off tinme of a switching transistor tefegulate the current supplied to
a load circuit. By varying the switching tine instead of varying the
conducting current 10 |evel, the sw tching regulator avoids the high power
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20 output transistor for effecting horizontal beam scanning.
- A switching regulator as described can be driven by a pulse
width modulator in a feedback arrangement. A current supply charges
a capacitor repetitively at the horizontal rate to provide a sawtooth
voltage that is applied to one input of a comparator. An error voltage
25 representative of the regulated output voltage is applied to another
input of the comparator. The comparator controls the switching
transistor of the voltage regulator, namely turning off the switching
transistor at the time during each period when the sawtooth voltage
exceeds the regulated output voltage. The duty cycle of the switching
30 transistor is made relatively higher to couple more power through the
switching transistor when needed, and vice-versa, to maintain the
output: voltage at a reference level. '
In one type of switching regulator, known as a "buck" regulator,
the switching transistor and an inductor are coupled in series
35 between the unregulated supply voltage and an output, typically with
- a parallel storage capacitor. An electromagnetic field is built up in



a par.al l el storage capacitor. .An el ectromagnetic field is built up in

-2- the inductor when the transistor is conducting. Wen the sw tching

transi stor turns off, back el ectronotive force induces a voltage across the

i nductor. A clanping diode or "catch" diode is coupled to hold the junction

of the switching transistor and the inductor at 5 voltage just bel ow

ground. The back el ectronotive force thea Is applied to maintain the

positive voltage on the output, with the49nhductor supplying current to

mai ntai n the out put voltage when the switching transistor is off. This
.arrangenent relies on the switching transistor to turn off current to the
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In the conventional buck regulator, the inductor and catch diode
are coupled to the source (or emitter) of the switching transistor.
20 That is, the transistor is upstream of the inductor along the current
supply path, between the unregulated supply voltage and the junction
“of the inductor and catch diode. When the transistor switches off,
the source terminal of the transistor and the cathode of the catch
diode attempt to go negative as the back electromotive force that
25 arises on the inductor, is subtracted from the regulated output
voltage at the opposite terminal of the inductor. Conduction of the
catch diode then clamps the voltage at the upstream terminal of the
inductor. The inductive impulse can then be applied to the output.
- In an inventive arrangement, an inductive power impulse, or
30 inductive buck, is obtained using an inductor that is upstream of a
switching transistor, with a catch diode coupled to the terminal of
the inductor on the unregulated supply voltage side. In this
arrangement, the switching transistor needs to conduct when the
catch diode is conducting, so that the inductive impulse is coupled
35 through to the output. The power supply operates in a discontinuous
mode. Means apart from the switching transistor are needed to



swirtchiing transistor, with a catch diode coupled to the terminal of the

I nductor on the unregul ated supply voltage side. In this arrangenent, the
swi tching transistor needs to conduct when the catch diode is conducting,
so that the inductive inpulse is coupled 35 through to the output. The
power supply operates in a discontinuous node. Means apart fromthe -
swtching transistor are needed to -3--8nitiate conduction of the catch
di ode for grounding the nore negative term nal of the inductor, such that
the inductive inpul se can be coupled through the transistor to the load. A
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regul ated DC vaidmygises: a source of an unregulated DC voltage; a horizontal

deflection circuit for inductively coupling pulses from a first
winding of a transformer to a second winding of the transformer, the
unregulated DC voltage being supplied to the second winding; a switch

20 operated with a variable duty cycle and supplying a regulated DC
voltage to the first winding; an inductor and a diode having a common
junction coupled to the second winding, the inductor coupling the
unregulated DC voltage to the switch; and, means for varying the duty
cycle of the switch responsive to a feedback signal indicative of

256 variations of a load energized by the regulated DC voltage.

In a pr_esently' preferred embodiment, a first capacitor is
charged by the unregulated DC voltage and the pulses; and, a second
capacitor is charged by the first capacitor and supplying a drive
voltage to the switch, the drive voltage being discharged by operation

30 of the means for varying the duty cycle. The second capacitor is
coupled to the regulated DC voltage. The first capacitor is charged
during retrace intervals and the second .capacitor is charged at the
end of the retrace intervals. The means for varying the duty cycle
determines when the drive voltage is discharged.

35 In accordance with a further inventive arrangement, a power
supply, comprises: a source of an unregulated DC voltage; a



lp a‘presently preferred enbodinment, a first capacitor 'is charged by the
unregul ated DC vol tage and the pul ses; and, a second capacitor i's charged
by the first capacitor and supplying a drive voltage to the switch, -the
drive vol tage being di scharged by operation 30 of the means for varying
the duty cycle. The second capacitor is coupled to the regul ated DC

vol tage. The first capacitor is charged quring retrace intervals and the
second capacitor is charged at the end of the retrace intervals. The neans
for varying the duty cycle determ nes when the drive voltage is discharged.
35 In accordance with a further inventive arrangenent, a power supply,
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FIGURE 1 is ahavinguatcamagnajunctient caupledito theoskcond winding, the inductor

15 also being coupled to the switch. The diode is coupled between the
common junction and ground. The first capacitor is charged during
retrace intervals and the second capacitor is charged at the end of
the retrace intervals. The second capacitor is coupled to the

. regulated DC voltage. '

20 FIGURE 1 is a circuit diagram, partially in block form,
schematically of a switching power supply regulator according to the
inventive arrangements. '

FIGURES 2 and 3 are waveforms useful for explaining the
operation of the circuit shown in FIGURE 1.

25 In FIGURE 1, AC power from the domestic mains 20 is rectified
by a bridge rectifier 22 and coupled to charge a filter capacitor C1 to
provide a DC drive voltage, namely the unregulated B+ voitage (RAW
B+), for example 110 volts - 170 volts, coupled to a winding W2 of a
flyback transformer T1. A switching regulator 30 is coupled to the

30 other terminal of winding W2 and via switching transistor Q1,
provides a regulated B+ voltage (REG B+), for example 130 voits,
coupled to another primary winding W1 of the flyback transformer T1.
Horizontal output transistor Q2 is coupled to the other terminal of
winding W1 and driven by the output signal of a horizontal drive

35 circuit 28. In the run mode of the television, the operation of the
horizontal output transistor Q2 applies flyback pulses to winding W1
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schemaitically of a switching power supply regulator according to the -

i nventive arrangenents. FIGURES 2 and 3 are waveforns useful for explaining
the operation of the circuit showmn' in FIGURE 1. In FIGURE 1, AC power from
the donestic mains 20 is rectified by a bridge rectifier 22 and coupled to
charge a filter capacitor Cl to provide a DC drive voltage, nanely the
unregul ated B+ voltage (RAWB+), for exambe 110 volts - 170 volts, coupled
to a wnding W of a flyback transfornmer T1. A switching regulator 30 is
coupled to the other term nal of winding W2 and via switching transistor
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The feedback signal may be generated directly from the
regulated DC voltage, or indirectly from a load energized by the
regulated DC voltage. In FIGURE 1, a solid line 39 indicates a
feedback path connection between a junction J3 and a junction J4, for
20 directly monitoring the regulated DC voltage. Dashed line 40
indicates an alternative feedback path connection between a flyback
derived secondary supply 36 and junction J4, which may be used
iristead_ of connection 39. Derived secondary supply 36 comprises a
secondary flyback transformer winding W4, for supplying flyback
25 pulses to rectifying diode D9 and capacitor C6, which energize a load
38.
in either case, the feedback voltage may be scaled by a voltage
divider formed by resistors R8 and R9, the values of which will
depend upon the range of the voltage being monitored. The output of
30 error amplifier 33 is coupled by resistor R1 to. the gate of transistor
Q1, for adjusting the length of time that switching transistor Q1
remains in conduction during each horizontal period. When power
consumption increases, transistor Q1 conducts incrementally longer,
thereby coupling additional power through the flyback transformer to
35 the loads. When power consumption decreases, transistor Qf.



The feedback signal may be generated directly fromthe regulated DC
voltage, or indirectly froma |oad energized by the regulated DC voltage.
In FIGURE 1, a solid line 39 indicates a feedback path connection between a
junction J3 and a junction J4, for 20 directly nonitoring the regulated DC
vol tage. Dashed line 40 indicates an alternative feedback path connection
between a flyback derived secondary supplg. 36 and junction J4, which may be
used instead of connection 39. Derived secondary supply 36 conprises a
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I nduct or provided on the drain side of transistor Q1. The inductive impulse is
provided by the flyback pulse, which is. coupled from winding W1 to
winding W2, to provide a low going puise which causes catch diode D6
to conduct. This clamps the cathode of diode D6 at about -0.7 volts,
20 and applies the voltage of inductor L1 to the source terminal of
transistor Q1. '
The unreguiated B+ voltage on winding W2 of the fiyback
transformer is summed with the negative retrace pulse and coupled
to diode D5, providing a voltage V1 that is greater than the
25 unregulated B+ voltage because the trace portion of the horizontal .
signal applied to winding W1 and the unregulated B+ voltage are
combined, that is, summed together. The RAW B+ voltage and voltage
V1 at the junction J1 of winding W2 and the anode of diode D5 is
shown in FIGURE 2. The 1/f4 period of the pulses of voltage V1 result
.30 from the flyback pulses coupled from winding W1. '
A voltage V2 at the junction J2 of the cathodes of diodes D5 and
D6 may be thought of as a new B+ voltage. Voltage V2 is not filtered
by a capacitor, so that voltage V2 will drop at the start of retrace,
that is, at the negative flyback pulse, causing catch diode D6 to
a5 conduct. FIGURE 3 shows voltage V2 and current i2 with respect to
voltage V1, in an expanded time scale relative to FIGURE 2.



conti huing to provide current to the output fromthe back el ectronotive
force produced by the collapsing field in the charged 15 i nductor.

However, according to an inventive aspect, inductor L1 is provided on the
drai n side of transistor QL. The inductive inpulse is provided by the
f1yback pul se, which is coupled fromw nding W to winding W2, to provide a
| ow goi ng pul se whi ch causes catch di ode Dp_to conduct. This clanps t he

cat hode of diode D6 at about -0.7 volts, 20 and applies the voltage of
inductor L1 to the source terminal of transistor QL. The unregul ated B+

vol tage on winding W2 of the flyback transforner is summed with the
negative retrace pulf® gate d@icirguit campdseR sarage deappaitoy SP2ayhicll -t hat
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is finished. :

When transistor Q1 is off transistor Q3 removes the gate
charge via resistors R1 and R7. Charge is provided to the gate of
transistor Q1 when transistor Q3 is off. Capacitor C3 is charged _

20 through diode D8 and resistor R2 during the inductive impulse. The

' charge on capacitor C3 is then dumped through diode D7 to capacitor
C2 when the unregulated B+ voltage rises after the retrace interval is
finished. Zener diode CR1 regulates the voltage on capacitor C2 for
example to 9.1 volts.

25 A snubber circuit 26 is coupled to transistor Q1. A resistor R6

' and capacitor C4 are coupled in series with one another, between the
drain terminal and a current overload resistor R4, in series with the
source of transistor. Q1. Capacitor C5 is coupled between the source
and drain. A resistor R5 protects the gate of transistor Q1. A

30 capacitor (not shown), for example having a capacitance of 220 pf,
may be coupled across each of diodes D7 and D8 to suppress radio

~ frequency interference.

The invention provides gate driving: means for employing a novel

buck converter arrangement in which the inductor L1 is upstream of
35 the switch Q1, and a retrace pulse from a flyback winding W2 is
operable to initiate conduction of a clamping or catch diode D6, to



e

transi stor QL conducts from charge provided on capacitor C2 through
resistor R3. ‘At the required tine, the output of error anplifier 33 10
goes low and transistor QL is turned off, gate charge being renoved

t hrough resistor RL. The circuit works to provide charge on capacitor C2,
coupled to the gate of transistor QL, by charging capacitor C3 when the
catch diode D6 is conducting, and dunping the charge fromcapacitor C3 to
capacitor C2 when the conbination of thegunregulated 15 B+ voltage.-and the
retrace pulse rises again after the retrace interval is finished. Wen
transistor QL is off, transistor (B renoves thé gate charge via resistors
R1 and R7. Char ? i,s. provided to the gate of trangistor QL when transistor
@ is off. c@@%@d?d@lwes'mnalﬁeﬁd%b_smqregw-dimlw jan fwdheror R2
during the i rprovideseai diivg yoitagbecon eapaeiton G2 forither catitrolsterintmaldohped

t hrough di od I/ ] @hﬁg Seeqd gy EP iLSes
after the re'ftpg' sevwiiuf??sgjb}%aﬁ@u S eégdigtgrs?r: O(Ee CF?FH%U gggrsah%’ﬁe
vol t age on czﬂéfﬁ“tS capacHqy; @Xhﬁﬁ'lgec Jragdy krg_ur@\,—, ischatggs i hber
circuit 26 i schargel eapacitor rtG3si stor QL. A resistor R6 and capacitor C4 are
coupled in series with one another, between the drain termnal and a
current overload resistor R4, in series with the source of transistor QL.
Capacitor C5 is coupled between the source and drain. A resistor R5
protects the gate of transistor QL. A 30 capacitor (not shown), for
exanpl e having a capacitance of 220 pf, nmay be coupled across each of

di odes D7 and D8 to suppress radio frequency interference. The invention
provi des gate-driving nmeans for enploying a novel buck converter
arrangenment in which the inductor L1 is upstreamof 35 the switch Ql, and
a retrace pulse froma flyback wwnding W2 is operable to initiate
conduction of a clanping or catch diode D6, to -8 - enabl e inductive

i mpul ses to be generated. The invention further provides a drive voltage on
capacitor C2 for the control term nal of



the swtch Ql, for exanple the gate of a MOSFET, by the cooperative action .
of capacitor C3 being charged, and in turn, discharging to 5 charge

capacitor C2. -9- What is clained is: 1 1. A power supply,
conprising: 2 “a source (20, 22) of an unregul ated DC voltage (RAW B+);
3 a horizontal deflection circuit (28, @, 29) for inductively 4
coupling pulses froma first winding (W) of a transforner (T1) to a 5
second wi nding (W2) of said transforner; a switch (Ql) operated with
a variable dultw cle; and, 7 rreans 33) for varying said duty cycle
of said switc %ﬁ)s 8"4‘ mesbitsi ve to a feedback signal .indicative of .

variations of a load 9 energl zed by a regul ated DC vol tage, 10
characterized by: }1 vol tage (RAW B+) bei ng
supplied toqsal d 13 secBo‘?fb\n B Eo?%a ﬁg % cb&? ch (&é”s#&ol yi ng sa| d
regul at ed D@ vol t a8eSQUYtee; (B Arsunegyl E‘i"
i nductor (L1 and a honden(d%deflmhangeucunn(ﬁﬁ; Qaﬁczs)orfm( Jnduckirelyupl ed to
said second el d n ubat ed
¢ vol t age. (RARE! é’“i ilikes 70 W’; hirg X9 6f B fangfofmbr (L8RS of -
claim1, furk H$coQ a?"’ 'Bgl "PPF’st capacitor (C3) charged by
sai d unregul@éated D8 switchd@‘e QPEWQ#)WIﬂ'hdi yanablpuduwsgydau and, a
segond cap?twtor ( wearkd 48 do:bds:@m gl said dutg bersaid??éw@m(()@ upﬁl yi ng
a drive 'vo | c arge
by operati on?g@ségpgehed%ng Ormgﬁ?l ‘géétl‘% \68 ‘{53%3“@%0&2 hocgds
The power suppenergized by @ Eegléﬂ% vPhade,i n t hat said 2 second capaC| t or
(C2) is coupbed to charactesigetabgd DC vol tage (REG

1 said unregulated DC voltage (RAW B+) being supplied to said

12 second winding;

13 said switch (Q1) supplylng said regulated DC voltage (REG B+) to

14 said first winding; and, |

15 an inductor (L1) and a diode (D6) having a common junction (J2)

16 coupled to said second winding (W2), said inductor (L1) coupling said

17 unregulated DC voltage (RAW B+) to said switch (Q1).

.8 . .

2. The power supply of claim 1, further characterized by:

a first capacitor (C3) charged by said unregulated DC voltage
(RAW B+) and said pulses; and,

a second capacitor (C2).charged by said first capacitor (C3) and
supplying a drive voltage to said switch (Q1), said drive voltage being

discharged by operatlon of said means (33) for varying said duty
cycle. -

N O W0 -

~ 3. The power supply of claim 2, characterized in that said

second capacitor (C2) is coupled to said regulated DC voltage (REG
3 B+). :

N -

1 4. The power supply of claim 2, characterized in that said first
2 capacitor (C3) is charged during retrace intervals and said second
3 capacitor (C2) is charged at the end of said retrace intervals.’

M



3B+).'1 4. The power supply of claim2, characterized in that said
first 2 capacitor (C3) is charged during retrace intervals.and said second
3 capacitor (C2) is charged at the end of said retrace intervals. -10-
5. The power supply of claim4, characterized in that said neans (33) for
varying said duty cycle determ nes when said drive voltage is discharged.
6.. The power supply of claim1, characterized in that said neans (33) for
varying said duty cycle conprises a pul g S¢ wi*dt h nodul at or (:35) which
operates synchronously with horizontal gchroni zing pulses. 7. The power
supply of ciaim 1,5.f uThelQJowafasUﬂplyrdfzelaimy4,aclimlacteri2ieddm tler1gaidoupl ed to

said regul a e?l, Qﬁsvﬁé)aﬂﬁ \fd?gﬁgBéhldaﬂqt} RyeR Geféﬂrﬁﬁéﬁ]@mén lsajd 'dewel ating
said drive vo tl?q(;%e ﬁa%@ﬁe supply claim1l aracterized in that
sai d di ode ¥ dﬁuﬁyﬁ‘é en said comon junction (J2) and ground. 9.
A power suppl y, conprising: a source of an unregul ated DC vol tage; a
tranlsf gr{mr 1havi ngg f lTlliié rsgapm? o BRIMOS, charaétsiiasd th thadsaid bei ngl
coupled to ga r Y vari abl e
dut'y cycl o Sntrosi el frGarsing’ ol Uy yal %ﬁ%‘?ﬁéwiﬂﬂ# e ont o
defilection &i Mmaﬂ%r(aﬁ)dlﬁ’@!w/&%ﬁf@tﬁﬁplsﬁmg ranossly withn hetizental st wi ndi ng

to sai d secendyncainizingspuldeswi t ch supplying a regul at ed DC voltage to
said first wnding; a first capacitor charged by said unregul ated DC

voltage and said p a second ca tor ,charged |d fi[st_ capacitor
and supplyidg a dr veﬁ?ﬁlﬁ% er sYPRY; gﬁﬂﬂ“ﬁ‘cﬂ %ﬂe ﬁﬁ%rﬁgqr&ed\, y&ng said
duty cycle ef Zeaed dinde @Rmycouﬂedltblsmdyeqmatethm ngitage (REG Be-)\mﬂdtcge
responsi ve 10 said RARKCKQ1) for regulating said drive voltage.

1 8 The power supply of claim 1, characterized in that said diode
2 (D6) is coupled between said common junction (J2) and ground.

1 9. A power supply, compnsmg
2 a source (20, 22) of an unfegulated DC voltage (RAW B+);

3 a transformer (T1) having first (W1) and second (W2) windings;

4 a switch (Q1) operated with a variable duty cycle;

5 a horizontal deflection circuit (28, Q2, 29) for inductively

& coupling pulses from said first winding (W1) to said second winding

7 (W2); |

8 means (33) for varying said duty cycle of said switch (Q1)

9 responsive to a feedback signal indicative of variations of a load

10 energized by a regulated DC voltage (REG B+),

11 characterized by:. :

12 said second winding (W2) being coupled to said unregulated DC
13 voltage (RAW B+);

14 . said switch (Q1) being coupled to sald first (W1) and second
15 (W2) windings and .supplying said regulated DC voltage (REG B+) to
16 said first winding (W1);

17 a first capacitor (C3) charged by said unregulated DC voltage
18 (RAW B+) and said pulses;

19 a second capacitor (C2) charged by said first capacttor (C3) and
20

supplying a drive voltage to said switch (Q1); and,

This Sheet Has Been Replaced
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signal indicative of variations of a |oad ener gi zed by said regul ated DC
vol t age. said neans (33) for varying said duty cycle of said switch (QL)
repetitively discharging said drive voltage responsive to said feedback
signal. 10. The power supply of claim9, further conprising an inductor
and a diode having a common junction coupled to said second w nding, said

i nductor al so being coupled to said-switch. 11. The power supply of claim
10, characterized in that_ said d| ode (Deé}1i-s coupl ed between said common
junction (J2) .and und. 12 power su of cla char.act zed in
that said Pirst ca%&@ mgans C@? '&?&Y'QS&% 5‘#@ ?Q‘?a@e ?"ﬂt gyirg! s(%ﬁr)d sai d
second capaei tapetitizely |d§sma=rggtgj said tdm/eanmltageswspmvaade saider val s. 13.
The power Qgpf&éﬂﬁa‘ckck;?rm 12, characterized in that said second capacitor
(C2) is cogzlgl ed to sai regul ated DC voltage (REG B+). 14. The power supply
of claim9S“characterized in that said neans (33) for varying said duty '
cycle conprises a pulse width nodul ator (35) which operates synchronOusI y

with hori zont al sywhrwhezmswelpshppq ofl 2laimTO¢ finther charieterizéd blyaamn 9,
IU” her co g.zﬁr‘&ﬁdfﬁ A" ﬁgvi"ng ?a&d?nmoﬁgi‘dh%&? (%) ¥8liprge and
o said svm c | & I

sal d
to sald se nd wmgdmg I( 2 said mductor (L1) also belng coupled to

4 said switch (Q1).

/]

11. The power supply of claim 10, characterized in that said
2 diode (D6) is coupled between said common junction (J2) and ground.

-k

1 . 12. The power supply of claim 9, characterized in that said
2 first capacitor (C3) is charged during retrace intervals and said
3 second capacitor (C2) is charged at the end of said retrace intervals,

13. The power supply of claim 12, characterized in that said

2 second capacitor (C2) is coupled to said regulated DC voltage (REG
3 B+). .

14. The power supply of claim 9, characterized in that said
means (33) for varying said duty cycle comprises a pulse width

modulator (35) which operates synchronously with horizontal
synchronizing pulses.

A GO N =

N =

15. The power supply of claim 9, further characterized by a
Zener diode (CR1) coupled to said regulated DC voltage (REG B+) and to
3 ‘said switch (Q1) for regulating said drive voltage.
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