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5 In a typical switch mode power supply (SMPS) of a

television receiver the AC mains supply voltage is coupled
to a bridge.rectifier. An unregulated direct current (DC)
input supply voltage is produced. A pulge width modulator
controls the duty cycle of a chopper transistor switch that
10 applies the unregulated supply voltage across a primary
winding of a flyback transformer. A flyback voltage at a
“ frequency.that is determined by the modulator is developed
at a secondary winding of the transformer and is rectified
to produce DC output supply voltages such as a B+ voltage
15 that energizes a horizontal deflection circuit of the
television receiver, and a voltage that energizes a remote
control unit. | '
During normal operation, the DC output supply
voltages are regulated .by the pulsé_width modulator in a
20 negative feedback manner. During standby operation, the
SMPS is required to-generate the DC output supply voltage
that energizes the remote control unit. However, most
other stages of the television receiver are inoperative and
do not draw supply currents. Consequently, the average
‘.. 25 value of the duty cycle of the chopper transistor may have
to be substantially lower during standby than during normal
operation. | _
- Because of, for example, storage time limitétiqn
in the choppef transistor, it may not be possible to reduce
30 the length of the conduction interval in a given cycle
' below a minimum level., Thus, in order to maintain the
average value of the duty cycle low, it may be desirable to
operate the chopper transistor in an intermittent or burst
mode, during standby. During standby, a long dead time
35 interval occurs between consecutively occurring burst mode
operation intervals. Only during the burst mode operatlon
interval does switching operation occur in the chooper
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out put supply vol tages such as a B+ vol tage 15 that energi
deflection circuit of the television receiver, and a volta g
a renote control ‘unit. During normal operatlon the DC out put supply

vol tages are regul ated. by the pulse wi dth nmodyied @s,igaga 20 negative

f eedback manner. During standby operazlon the SMPS is required to generate
the DC output supply voltage that energizes the remote control unit.

However , mts:tanstﬂs&bzs.t aghe ebstule islevatsiedch eaxfittey coh@ukcboprrative and

do not drav:[n]t cyry et 3 SRR ggggtié/%%%he average 25 value of the

duty cycle o e chopper tranS|s to be substant[aLIy | ower
during st andby t han Isueicegrdanael Wb‘pierm iagspect Rt &bee infentbongxanpl e,

storage ti BurstMrodlel @peration intervals.are initiated and occur at a
| 5 ' rate that is determined by a repetitive signal at the
frequency of the AC mains supply voltage. For example,
when the mains supply voltage is at S50Hz, with a period. of
20 milliseconds, each burst mode operation interval, when

at_ agsecondary mnndlng of the transfornmer and is rectlfléﬁlﬁﬂ[t

switching cycles occur, may last 5 milliseconds, and the

10 dead time interval when no switching cycles occur, may last
during the remainder portion of 15 milliseconds. Such
arrangement, that is triggered by a signal at the frequency
of the mains supply voltage, s1mplif1es the design of the
SMPS. .

15 The burst mode operation intervals that occur in
standby operation are synchronized to the 50Hz signal.
During each such interval, pulses of cﬁrrent are produced
in transformers and inductances of the SMPS. The pulses of
current occuf in clusters that are repetitiGe at 50Hz. The

20 pulses of current occur at a frequency that is equal to the
switching frequency of the chopper transistor within each
burst mode operation interval. Such current pulses might
produce an objectionable sound during power-off or standby
operation. The quectionable sound might be produced due to

(" 25 possible parasitic mechanical vibrations as a result of the
‘ pulse currents in, for example, the inductances and
transformers of the SMPS.
- In accordance with another aspect of the
invention, the change in the AC mains supply voltage during

30 each period causes the length of the conduction interval in
consecutively occurring switching ¢ycle during the burst
mode operation interval to increase progressively. Such
operation that occurs during each burst mode operation
interval may be referred to as soft start operation. The

35 soft start operation causes, for example, gradual charging
of capacitors in the SMPS. Consequently, the parasitic
mechanical vibrations are substantially reduced. Also, the
frequency of the switching cycles within each burst mode



in the chopper transistor, it may not be possible to reduce laced -
of the conduction |nterval in a given cycle below a n1n|nun1l
ofder .to maintain the average val ue of the duty cycle | ow,

desirable to operate the:chopper trane;stor i NRGM $ﬁi@ﬁ&httent or burst
mode, during standby. During standby, a |ong dead tine 35 interval occurs
bet ween consecutively occurriggﬁburst node ggeratlon intervals. Only

during the ¢pexsationcinpervd inaiqrtpdimedo °¥ﬁnFEﬁ|?EF¥RﬁﬁeﬁQQﬂ? oceur in
the choppergbp surth€kAEAENInSHRRT 112MAICoEIBACR audible noise

during standby operation. _
A switch mode power supply, embodying an aspect of
5 the invention, for generating an output supply voltage
. during both a standby-mode of operation and during a run-
mode of operation includes a source of AC mains input
supﬁiy voltage. A control signal at a given frequency is

generated. A switching arrangement energized by the input

10 supply voltage and responsive to the first control signal
produces a switching current during both the standby-mode
of operation and the run-mode operation. The output supply
voltage is generated from the switching current. An
arrangement coupled to the switching arrangement and

15 responsive to a'standby-mode/run*mode control signal and to
a signal at a frequency that is determined by a frequency
of the AC mains input supply voltage controls the switching
arrangement in a burst mode manner during the standby-mode
of operation. During a burst interval, a plurality of

20 switching cycles are performed and during an alternating
dead time interval no switching cycles are performed. The
two intervals alternate at a frequency that is determined
by the frequency of the AC mains 1nput supply voltage.

In the Drawing:
.2.5, FIGURE 1 illustrates a power supply embodying an
< aspect of the invention; |
FIGURES 2a-2d illustrate waveforms useful for
explaining the run mode operation of the circuit of FIGURE
1 when loading varies; '

30 ~ FIGURES 3a-3g illustrate additional waveforms
useful for explaining the run mode'operation of the circuit
of FIGURE 1 under a constant loading condition;

FIGURE 4 illustrates the way the isolation
transformers that are used in the circuit of FIGURE 1 are

35 constructed;

FIGURES 5a—5d illustrate waveforms useful for
explaining a standby operation of the power supply of
FIGURE 1; '
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sufficient length. In accordance with an aspect of the inventi t
nmode operation intervals are initiated and occur at a 5 rate
determ ned by a repetitive signal at the frequroays®fed4de AC nmai ns supp
vol tage. For exanpl e, when the mains ﬁjpply voltage is at 50Hz, with a
period of 20 milliseconds, each burst node operation interval, when
swi tching cycl es 0CCRIGUREY GasﬁdfilﬁddﬁraeeohdenséﬁmttWEyQMDrﬂdead tinme
i nt erval S C | get r mai-nder
portion owge&qh?%;éc%g‘rgﬂafﬁé arrar ggr?eq%%sn aﬁ tggsé{%‘gg}grgeﬁ by a signal
at the freq@®EAERECl dweingi $astmR4y vol tage, sinplifies the design of the

SWPS. 15 BREUREr 1 1 IDE6t 2l ABdLPL8aYDOS 6fwshémiltrcum

st andby _oper ati on are. synchroni zed to the 50Hz signal.
Y 5P of FIGURE “1°thst fhcreases output power? a

FIGURE 8 provides performance data, in a table
form, of the circuit of FIGURE 1 and also, for comparison

tr,ans_i'stor. The result i-s that each of the conducti on i nt er vah ﬁ@ﬁ

ply

purposes, of a conventional power supply}_and
FIGURE 9 provides édditional performance data, in
10 a table form, of the circuit of FIGURE 1 and also, for
comparison purposes, of a conventional power supply.
‘ FIGURE 1 illustrates a .switch-mode power supply
(SMPS) 200, embodying an aspect of the invention. SMPS 200
produces a B+ output supply voltage of +145 volts that is
15 used for energlzlng, for example, a deflection circuit of a
television receiver, not shown, and an output supply
voltage V+ of +18 volts that are both regulated. A mains
supply voltage Vpc is rectified in a bridge rectifier 100
to produce an unregulated voltage Vyz. A primary winding

20 Wy

' between a terminal 100a, where voltage Vyg is developed,

of a flyback isolation transformer Tl is coupled

and a drain eleétrode of a power chopper metal oxide
semiconductor (MOS) field effect transistor Q1.
The .source electrode of MOS transistor Q1 of
25 FIGURE 1 is coupled to a common conductor, referred to
C herein as "hot" ground. The gate electrode of transistor

Q1 is coupled via a coupling resistor 102 to a terminal 104
where a-pulse-width modulated signal Vg is produced.

Signal Vs produces a switching operation in transistor Q1.
30 A secondary winding W3 of an isolation transformer T2,

across which signal Vg is developed, is coupled between

terminal 104 and the hot ground'conduétof. A pair of back-

to—-back zener diodes Z18A and Z18B provide gate protection
in transistor Q1. . Winding W3, winding Wor transistor.Ql

35 and signal Vs are at potentials that are referenced to the

hot ground conductor.
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the SMPS of FIGURE 1 under a constant loading condition.

Similar symbols and numerals in FIGURES 1 and 3a-3g
indicate similar items or functions.

During, for example, interval t-t; of FIGURE 3b of

a corresponding given cycle or period, the voltage of puise
signal Vg is positive relative to the hot ground conductor

for maintaining transistor Q1 of FIGURE 1 conductive during
interval tg-t; of FIGURE 3b. Consequently, a current ij; in

‘winding Wy of FIGURE 1 is upramping, as shown in FIGURE 3d,

15

20

25

30

35

during interval tg-t;. Therefore, a quantity of inductive
energy is stored in transformer Tl of FIGURE 1. At time t,

of FIGURE 3d, transistar Q1 of FIGURE 1 becomes
nonconductive. '

After transistor 'Ql becomes nonconductive, the
inductive energy stored in winding Wp is transferred, by

flyback transformer action, to a secondary winding Ws of
transformer T1. Flyback_pulses developed at terminais 108
and 109 of winding Wg are rectified by diodes 106 and 107,
respectively, and filtered in capacitors 121 and 122,
respectively, for producing DC voltages B+ and V+,
respectively, that are all referenced to a second common
conductor, referred to herein as "cold" ground. The cold
ground is conductively isolated from the hot ground’
conductor, with respect to an electrical shock hazard,'by
transformers T1 and T2. Transistor Q1, transformer Tl and
diodes 106 and 107 form an:output'étage of the SMPS.

A pulse-width modulator of SMPS 200 includes a
blodking oscillator 110, embodying an aspect of the
invention, that produces switching signal Vg for

controlling the switching operation of transistor Q1.

. Oscillator 110 includes a switching transistor Q2 having a

base electrode that is also controlled or switched by
signal Vg. Winding W3 of transformer T2 provides positive



operation that occurs during each burst node operation inter VihjsShe @@ﬂqumwmj
referred to as soft start operation. The 35 soft start opera

fer exanple, gradual charging of capacitors in the SMPS. COnse

parasitic nechanical vibrations are sybstanti aRC¥ 3%dé4&d. Al so,

frequency of the switching cycles wthl n each burst node 3 operatlon
interval is aj ned abov t he ran or further _reducing the
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that winding W; is referenced to the hot ground conductor.

5 a secondary winding W, of transformer T2, that is

referenced to the cold ground'conductor} is conductively

coupled to a diode D3 of a control circuit 120, embodying

another aspect of the invention, that is also referenced to
the cold ground conductor. : '

10 © The cathode of diode D3 is coupled to the cold
ground conductor via a capacitor C4. As explained later
on, a DC control voltage V, developed across capacitor C4
varies the nonconduction time or duty cycle of transistor
Q2 during each period. '

15 A capacitor C2 is coupled between the base
electrode of transistor Q2 and a te;minal 104a. A resistor

R2 is coupled between terminal 104a and terminal 104 where
signal Vg is developed. During interval tg-t; of FIGURE

3b, a current ig of FIGURE 3c is produced in resistor R2 of
20 FIGURE 1 that is coupled between terminals 104 and 104a.
Current ig of FIGURE:3c, that is produced by signal Vg of

FIGURE 3b, charges capacitor C2 of FIGURE 1 in a manner
that turns on transistor Q2, during interval ty-t; of
FIGURE 3d.

25 ' During normal operation, when transistor Q2 of
FIGURE 1 is conductive, a current iy of FIGURE 3d in

winding W; of FIGURE 1 increases linearly, until an emitter

o~
i

voltage-of transistor Q2, that is developed across an
emitter resistor R4, is sufficiently high to initiate a

30 rapid turn-off operation in transistor Q2. Feedback
resistor R4 is coupled between the emitter of transistor Q2
and the hot ground conductor. Resistor R4 causes a gradual
decrease of current ig of FIGURE 3c when transistor Q2 of

FIGURE 1 is conductive until transistor Q2 ceases to
35 conduct at time t; of FIGURE 3c. Resistor R4 of FIGURE 1
' also serves to optimize the switching condition and to

provide current protection in transistor Q2. The result is
that the voltage across winding W; reverses polarity. The



nmoder of operation includes a source of AC mains input supply ' Begn Replaced
control signal at,a given frequency is generated. A switching -
energi zed by the input 10 supply voltage and responsive tot H :

control signal produces a switching current dumc¢axgd3@4s t he st andby- node of
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remains substantially constant or unaffected by loading.
Therefore, advantageously, the stored energy in transformer

T1l, when transistor Q1 becomes nonconductive, is
- substantially constant for a given level of voltage Vyp.

.

10 However, the conduction interval may vary when a variation
in voltage Vyg occurs.

When transis;or Q2 ceases to conduct, a
downramping current i, of FIGURE 3e is produced in winding
W, of transformer T2 of FIGURE 1. Current i, causes diode
15 D3 of FIGURE 1 to be conductive and charges capacitor C4,
" during interval t;-t4 of FIGURE 3e. For a given level of
voltage Vyg of FIGURE 1, and for a given duty cycle of

transistor Q2, the charge added to capacitor €4 is the same-
in each cycle. During .interval t;-t,,; control voltage V,

20 of FIGURE 1, except for the forward voltage drop in diode
D3, is substantially developed across winding W,.
- Voltage V; determines the length of interval t;-t4
of FIGURE 3e that is required to deplete the magnetic

energy stored in transformer T2 of FIGURE 1. When, at time
25 t4 of FIGURE 3e, current i, becomes zero, the polarity of

e signal Vg of FIGURE 3b changes as a result of resonance

N,

oscillations in the windings-of transformer T2. Therefore,
positive current ig of FIGURE 3c is generated. As

explained before, when current ig is positive, it causes

30 transistors Q1 and Q2 to be conductive.

During the aforementioned nonconduction interﬁal
t;-t4 of FIGURE 3b of transistors Q1 and Q2 of FIGURE 1,

signal Vg is negative, as shown during interval ty-t, of

FIGURE 3b. Consequently, a current in the opposite

35 polarity, as shown in FIGURES 3c, flows through capacitor
C2 of FIGURE 1, during interval t;-t; of FIGURE 3c, and

through diode D1 of FIGURE 1 during interval tp-t4 of
FIGURE 3c. The resulting charge in capacitor C2 of FIGURE
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FIGURE 1 illustrates a power supply enmbodying an aspect of th
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suppl y of Miq9fE FEGURES 3b, signal V5 reverses polarity.
Control circuit 120 of FIGURE 1, that is

5 referenced to the cold ground conductor, controls the duty
cycle of oscillator 110 by varying control voltage Vg

across capacitor C4. A transistor Q4 of circuit 120 is

coupled in a common base amplifier configuration.

The base

voltage of transistor Q4_is obtained via a temperature
10 compensating forward biased diode DS from a +12V voltage

.regﬁlator VR1. Regulator VRl is energized by voltage V+.
A fixed resistor R51 is coupled between the

emitter of transistor Q4 and voltage B+. As a result of
the common base operation, a current ig in resistor R51 is

15 proportional to voltage B+. An adjustable resistor R5 that

is used for.adjusting the level of voltage B+ is coupled

between the cold ground conductor and a junction terminal

between the emitter of transistor Q4 and resistor RS1.

Resisﬁor R51 is used to determine the level of the current

20 in transistor Q4. Thus, an adjustable preset portion of
. current ig flows to the cold ground conductor through

resistor R5, and an error component of current ig flows

through the emitter of transistor Q4.

The collector current of transistor Q4 is coupled

25 to the base of a transistor Q3 for controlling a collector

current of transistor Q3. The collector of transistor Q3

forming a high output impedance is coupled to the junction

between capacitor C4 and diode D3. When transistor Q2

becomes nonconductive the stored energy in transformer T2
30 causes current i, to flow via diode D3 into capacitor C4,

as indicated before. Regulation of the power supply is
achieved by controlling control voltage V4. Voltage V, is

controlled by controlling the loading across winding W, of

-transformer T2 by means of transistor Q3.

35 The collector current of transistor Q3, that forms
a current source having a high output impedance, is coupled

to capacitor C4 that operates as a flywheel. In steady
state, the amount of charge ‘that is added to capacitor C4



4 FI GURES 6a- 6d illustrate transient waveforns usef ul

for exghiaB Replaced -
a- nodification of the circuit 5 of FIGURE 1 that increases ou I ﬂ IH

operation of the circuit of FIGURE 1 during start- up; FlI GURE 7

FI GURE 8 provides performance data,

in a tabl @chos®), 6aB t he CIrCUIt of

"FIGURE 1 and al so, for conpari son purBoses, of a conventional power supply;
and F!GURE 9 provides additional performance data, in 10 a table form of
the circui tquefing @dtervadnd, et §anf RAIGURENZ®r iisorqgpalpbeethe pameunt

convent i I ' - | -
onventional, pouer & MR 15" Loibhed b oA %R el ERfScReYer SuPPlY

7~

10

15

20

25

30

35

C4 in a given period to-ty.

FIGURES 2a-2d illustrate waveforms useful for
explaining the regulatlon operation of the SMPS of FIGURE 1
under different loading conditions. Similar symbols and
numerals in FIGURES 1, 2a-2d and 3a-3g indicate similar
items or functions.

. " After, for example, time ty of FIGURES 2a—2d, the
power supply current loading across capac1tor 121 of FIGURE
1 decreases and voltage B+ tends to increase. As a result
of the increase in voltage B+, transistor Q3 conducts a
higher level of collector current. Therefore, voltage V,
of FIGURE 2c across capacitor C4 of FIGURE 1 becomes
smaller. Therefore, a longer time is required in each
period for removing the stored inductive energy from
transformer T2 of blocking oscillator 110, after transistor
Q2 becomes nonconductive. It follows that the length of -

" the interval, tp-tg, of FIGURE 2a, in a given cycle, when

transistor Q2 of oscillator 110 of FIGURE 1 is
nonconductive, increases under reduced loading condition.
The result is that the duty cycle, that is the ratio
between the "on" time to the "off" time of transistor Q1,
decreases, as required for proper regulatioﬁ. '
In steady state, voltage V; is stabilized at a
level that causes an equilibrium between the charging and
discharging currents of capacitor C4. The increase in
voltage B+ is capable of éausing, advantageously, a |
proportionally greater change in voltage V4, as a result of
amplification and current integration of the collector
current of transistor Q3 in capacitor C4. In a transient

condition, as long as voltage B+ is, for example, greater
than +145 volts, voltage V,; will decrease.

The result is that voltage V4 of FIGURE 1 tends to
change in a manner that tends to nullify the aforementioned
tendency of voltage B+ to increase under reduced loading.

Thus, regulation is obtained in a negative feedback manner.
In the extreme case, a short circuit across winding W



(SMPS) 200, enbodying an aspect of the invention. SMPS 200 pr'& H Replaced -
out put supply voltage of +145 volts that is 15 wused for energD j
exanple, a deflection circuit of a television receiver, not sh _
out put supply voltage V+ of +18 volts that ar&daoils, sqgulated A mai ns

supply voltage [err] is rectified inl® bridge rectifier 100 to produce an
unregul ated voltage VUR A primary winding 20 [err] of a flyback
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transi stor.la@emon25 FIGJRE 1 is coupled to a common conductor referred

to herein as "hot” QQBQQQESI?E QatﬁnQEEE%r&@Qmﬁkah%aﬁi'%BOHeQEeA§eCOUp|ed
via a coupling resistor 0O a termna wher'e a- qulse wi_dt h nodul at ed
si gnal A5 i laréggg@eee.the duty cycle of transistors Q1 and Q2 in a

. manner that provides regulation. Thus, the nonconduction

interval of transistor Q1 varies with current loading at a
terminal 99 where voltage B+ is developed.
Processing voltage B+ for producing control
10 voltage V4 is accomplished, advantageously, in a DC coupled
| signal path for improving error sensing. Also, a change in
_voltage B+ is capable of causing a proportionally greater
change in voltage V4 thus improving error sensitivity.

Only after the error in voltage B+ is amplified, the

‘15 amplified error contained in DC coupled voltage V4 is
transformer or AC coupled to effectuate pulse-width
modulation. The combination of such features improves the
regulation of voltage B+. '

Another way by whlch an arrangement similar to

20 control circuit 120 is used for regulation purposes is
shown and explained in a copending U.S. Patent Application
424,353 entitled, A SYNCHRONIZED SWITCH-MODE POWER SUPPLY,
(RCA 85439 GB Application No. ) filed GB concurrently.
voltage that is produced similarly to voltage V4 of FIGURE

25 1 is transformer coupled'to a sawtooth generator. The
transformer coupled voltage varies a sawtooth signal that
is used for producing a pulse-width modulated control
signal.” .

' A zener diode D4 is coupled in series with a

30 resistor RD4, between the base and collector electrodes of
transistor Q3. Zener diode D4, advantageously, limits
voltage V4 to about 39 volts, which limits the frequency of
oscillator 110, or the minimum cut-off time of transistors
02 and Q1. In this way, the maximum power transferred to

35 the load is, advantageously, limited for providing over-
current protection. |

For safe operation, it may be desirable to have
‘secondary current i3 in winding Wy decay to zero before



Si gnal V5 produées a switching operation in transistor Q.
w nding WB of an isolation transformer T2, across which signal Hmuumuu

devel oped,

is coupl ed between termnal 104 and the hot ground
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transistor QL 35 and signal
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EhonEhat S0t dch bt £l e BYSLRIAE SSE[Hadd¥ 110. mhis
condition can be met by a proper choice of the primary
inductance of transformer T2 and of the value of zener
diode D4. )
Standby operation is initiated by operating SMPS
200 in a low power operétion mode. The low power operation
mode occurs when the power demand from the SMPS drops below
20-30 watts. For example, within horizontal deflection
circuit 222 a horizontal oscillator, not shown, that is
controlled by a remote control unit 333 ceases operating

" during standby. Therefore, a horizontal deflection output

stage in deflection circuit 222, that is energized by

* voltage B+, ceases operation as well. Consequently, the

loading at terminal 99; where voltage B+ is produced, is
reduced. It follows that voltage B+ and the error current
in trangistor Q4 tend to increase. Therefore, transistor
Q3 saturates, causing a near short circuit across winding
W,,0f transformer T2, that causes voltage V4 to be
approximately zero throughout the standby mode of
operafion. Consequentlj,‘unlike in the run-mode of
operation, a positive pulse of signal Vg cannot be
generated by resonance oscillations in transformer T2. It
follows that the regenerative feedback loop is prevented
from initiating the turn on transistor Q2. Consequently,
continuous oscillation cannot be sustained.

~ In accordance with aﬁ aspect of the invention,
transistor Q2 is periodically triggered into switching in a

burst mode operation by an upramping portion of a half wave
rectified voltage of a signal V,. Signal V; occurs at the

mains frequency, such as 50Hz. Signal V; is derived from

bridge rectifier 100 and is applied to the base of

transistor Q2 via a series arrangement of a resistor Rl and.

a capacitor Cl. The series arrangement operates as a
differentiator that produces a current i,.

FIGURES 5a-5d illustrate waveforms during standby

'operation, indicating that burst mode switching operation

VS
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5 explaining the normal steady state operation or run node- E%h%HSMBs Replaced
FIGURE 1 under a constant |oading condition. Simlar synbols a '
in FIGURES 1 and 3a-3g indicate simlar itenms or functions.

or
IS positive relative to the hot

exanpl e, interval [err] of FIGURE BbVE£ 10 a BGAr85p648i ng glven cyc

peri od, the voltage of pul se signal

ground conduct or f mai n ning transistor 1 conductive

during intePvafs Féﬁﬁ]at&r &ibi%g %ﬁi‘% erXaSJEE%n‘hZ[ err] in

wi ndi ng W 6blEb@GeBEbY 'asdapdatrj:melg;nm\aiowizrulf,l Gilfen 3h tﬂggénrl ng

I nt erval h

transformerﬁ{ése% E?G%?QEETI ? (i mﬁl{err € '19 Eﬁwggilq%%%csﬂs

FI GURE 1 bestntlarosgmbdlst and. nuri¢rald rian HIGURESQL hndoﬁasS@onconductlve,

the 20 5 ingHghiYeecUeheYadt PE&Rs 'S Hiliriorserr] 15 transferred, by

A parallel arrangement of a capacitor €3 of FIGURE
1 and a resistor R3 is coupled in series with a diode D2 to
form an arrangement that is coupled between the hot ground
conductor and junction terminal 104a, between capacitor C2
10 and resistor R2. A diode D1 is coupled in parallel with

capacitor C2.

During normal run mode operation, capacitor C3
remains charged to a constant voltage Vg by the positive

voltage pulses of signal Vs that is developed in w1nd1ng W

15 each time transistor Q2 is conductive. Therefore,
capacxtor C3 is decoupled from the positive feedback signal .
path and has no effect on circuit operation. During

standby operation, capacitor c3 discharges during the long
inactive periods or dead time, as shown by voltage Vg

20 between times tio-ty3 in FIGURE 5b.

Immediately after time t;3 of FIGURE Sa of a given
interval tjg-t;3, current i; of FIGURE 1, produced by
voltage differentiation in capacitor Cl1, increases from
zero to a maximum positive value. As a result, a base

25 current, produced in transistor Q2, causes transistor Q2 to

be conductive. When transistor Q2 becomes conductive, a
positive pulse of signal Vs is produced in winding W3 that

N,

maintains transistors Q1 and Q2 conductive.
Similarly to normal run mode operation that was
30 described before, transistor Q2 remains conductive until
the magnitude of the base current of transistor Q2 is

insuffic¢ient to maintain transistor Q2 in saturation, as
collector current i, is upramping. Then, collector voltage

V, increases and signal Vg decreases. The result is that
35 by means of positive feedback transistor Q2 is turned-off.

The voltage across capacitor C2 produces negative
current ig that discharges capacitor C2 via a diode D7 and

that maintains transistor Q2 in cut-off. As long as a



flyback transforner action, to a secondary mnndlng W of tr&ﬁ &Whﬁm
Fl yback pul ses devel oped at term nals 108 and 109 of mﬁndlng
rectified by diodes 106 and 107, respectively, and filtered i

121 and 122, 25 respectively, for gr:?dum ng REAV®I1&ffes B+ and V+,
respectively, that -are all reference o a second common conductor,

referred to h "col d" d._ T ol I
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includes a sw tchi transi st or havi
and posfgive current ig is geggrated.

During a substantial portion of a given conduction
interval of transistor Q2, current ig flows entirely via
. capacitor C2 to form the base current of transistor Q2.

10 Because collector current i, is upramping, the emitter
voltage of transistor Q2 increases in an upramping manner,
causing the voltage at the anode of diode D2 to increase.
When the voltaée at the anode of diode D2 becomes
sufficiently positive, diode D2 begins conducting.

15 Therefore, a substantial portion of current ig is diverted
by capacitor C3 from the base of transistor Q2. The result
is that the base current becomes insufficient to sustain
the collector current of transistor Q2. Therefore, the

positive feedback signal path causes transistor Q2 to turn-
20. off. Thus, the peak amplitude of current i, is determined

by the level of voltage Vg across capacitor C3.
- During interval tjgo-t;; of FIGURES 5a-5d,

- capacitor C3 of FIGURE 1 is coupled via diode D2 to the
positive feedback signal path and charged by positive
25 current ig. Therefore, voltage Vg of FIGURE 5b becomes
- progressively larger.
| In accordance with a further aspect of the
‘inventien,'voltagelvg that becomes progressively larger

causes the conduction interval during each cycle that
30 occurs in interval t;4-t;, of FIGURES 5a-5d to become

progressively longer. Consequently, the peak amplitudes

and the pulse widths of currents i1 and i, of FIGURE 1

increase progressively.

During a corresponding nonconduétion portion of

35 each cycle that occurs in interval ty¢-t;, of FIGURES 5a-

Sd,'capacitor C2 of FIGURE 1 is discharged via a diode D7

and resistor R2. The length of the nonconduction interval

of transistor Q2 in each cycle is determined by the time



base el ectrode that is also controlled or switched by signal V5. Wnding

[err] of transformer T2 provides positive 6 feedback in oscillator 110

by devel opi ng signal V5. Transformer T2 has a primary winding [err] that is

coupl ed between voltage VUR and the coll ector BCAt85,n648tor (2 such that

winding [err] i's referenced to the'h 4ground conductor. 5 A secondary

wi nding W2 of transforner T2, that is referenced to the cold ground

conduct or, |n§qnin¢dbﬁbveﬁiscbﬁpgtﬁgtQﬂR?QﬁtﬂieCQSthSﬁcboﬁt¥ﬁwek|¢hﬁﬁt 120,

enbodyi ng ariuiis %SﬁﬂghiﬁﬁdéhOflmbga’ﬁiw,cddt&htl i?aﬂ:ts(hé edmaExeaed to the

fggdcg{gundt%Pnd%% of pos;tive curreggecathode of diode D3 is coupled po
In accordance with an embodiment of an aspect of

5 the invention, the nonconduction interval becomes progressively longer
because capacitor C2 is charged to a progressively higher
voltage and also because the magnitude of current i
becomes progressively smaller. Therefore, positive base
current will begin flowing in the base of transistor Q2 .

10 after progressively longer nonconduction intervals. The
' result is that the switching frequency during the burst
mode interval will vary or decrease progressively.
At time ty5°0of FIGURE 5a current i; is zero.
Therefore, burst mode operation that occurred during
15 interval t;p-t;, cannot continue and the long dead time
interval ty3-t;3 occurs in which no, switching operation
happens. At time't13, positive current i, is generated

again and a subsequent burst mode switching interval occurs
- in transistors Q1 and Q2. |
20 During the burst mode interval tig~t;; of FIGURE
- 5d, the length of the conduction interval in each cycle
increases progressively, as explained beforé. Such
operation may be referred to by the term soft start
operation. Because of the soft start operation,
25 ~capacitois, for ekample, of SMPS 200 are chérged or
discharged in a gradual manner.

In accordahce with an embodiment of another aspéct of the
inventien, voltage Vg of capacitor C3, by being lower than
during run mode operation, maintains the switching

30 frequency of transistors Q1 and Q2 of FIGURE 1 above the
audible range in SMPS 200 of FIGURE 1 throughout interval
tjo-ti2 of FIGURE 5a. As a result of the soft start
operation during standby and of the high switching
frequency during standby, noise produced by parasitic

35 nmechanical vibrations in inductors and transformers of SMPS

200 of FIGURE 1 is, advantageously, substantially reduced.
The burst mode operation durlng interval tio-ti2

of FIGURE 5c¢ produces voltage V+ of FIGURE 1 at_a
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ground conductor via a capacitor C4. As explained |ater on, a DC control
vol tage [err] devel oped across capacitor C4 varies the nonconductlon tlne
or duty cycle of transistor 2 during each period. 15

capacitor C2 is coupl ed between the&ﬁise el ecREBIBS0F48r ansi st or CQ and a
termnal 104a. A resistor R2 is cou d between terninal 104a and term na
104 -where signal errkELs devel oped. During interval err%ﬁof FI GJRE 3b, a
current [ePF?belﬁp gt 9 ?ﬂ?ﬁﬂﬁxﬁ?ﬁ PREEatdPrg; ORITBMOLY COUNMAIE 1 t hat

i's coupl eduhetW888 ber FrgeRe 104wdrichdl GdandBy.r epechaseé] oof tid @dFst3c, t hat
5 produced Y SoRekabe bl el QT huRl Ao RRPR00 £, O F SR
3d. 25 maintaineausubgtantiadlxuinwﬁm,onﬁ wbontt fawatss ortigeh of "Fl GURE 1
's CO”%“Cth¥§1n8 RULRER rhe Rbad! B&Reibd.N
To generate voltage V+ at the required level for

operating remote control unit 333, a corresponding average

duty cyéle of transistors QI and Q2, that is substantially

lower than during run mode, is required. The length of the

10 conduction interval ‘in transistor Q1, for'ekample, should
be longer than the storage time of transistor Ql.
Accordingly, by operatihg in the burst mode, the conduction
interval of transistor Ql in each cycle can be maintained
longer for pbtaining the required lower average duty cycle

15 than if continuous switching operation had occurred during
standby. Such continuous switching operation in

_transistors Q1 and Q2 occurs during normal run mode
operatioh without the occurrence of dead time intervals
such as interval tj;,-t;3 of FIGURE 5d.

20 The SMPS has also a soft start-up feature, as will
now be explained with the aid of waveforms in FIGURES 6a-
6d. Similar symbols and numerals in FIGURES 1, Sa-5d and
6a-6d indicate similar items or functions. The start-up
mode is similar to thé'stand—by operation. When the power

25 supply is first turned on, capacitors C3 and C4 are

(u' ) discharged and there is no forward bias on the base of
transistor Q2. Oscillation is initiated by feedihg a small

"portion-of rectified AC supply signal V,; to the base of
transistor Q2. As illustrated by FIGURE 6d, the oscillator

30 duty cycle is initially very short, or the interval in each

-cycle when transistor Q2 is nonconductive is long, because '
winding W2 of transformer T2 is heavily loaded by the
discharged capacitor C4. The charge on capacitors C3 and
_ C4, and voltage B+ build up gradually over a period of
35 about 15msec, as shown in FIGURE 6c. Normal operation
" begins following this slow build up.
In case of a short circgit at output terminal 99

- of FIGURE 1, for example, SMPS 200 goes into an
: This Sheet Has Been Replace
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winding [err] of FIGURE 1 increases linearly, until an emtter voltage-of

t ransi stor
sufficiently high to initiate a 30
Q-

and the hot ground conductor. Resisto

@, that- is devel oped across an emtter resistor R4, is
rapid turn-off operation in transistor

Feedback resistor R4 is coupl ed ?%tmeen t REAc A5y 648 of 'transi stor

R4 causes a gradual decrease of

Q2

current [err] of FIGURE 3c when transistor Q2 of FIGURE 1 is conductive
until transiftermdfteptspode opsratigng 8 asinidar pappess te) BhRE 3c.

Resi stor R4 stfarfd-ByRopbrakiensmbdes (Poppéidnpae,t AE saphehitse copdi bgon and
to provide %Hkﬁﬁ&?apﬁgtﬁﬁb& ”ci9c55983'2$§§i{%%ré$%§ &ﬁsgeréﬁctﬁgt the

voltage acr oss w ndi

l"... ".

S
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err| reverses
flowing through secondary winding Wg of transformer T1

causes a higher negative bias to develop across a resistor
R6 that is coupled to the emitter of transistor Q3. Base
current then flows into transistor Q3 through a diode DSS,
causing transistor Q3 to saturate and to clamp its
collector voltage V4 to ground. The consequent loading of
transformer T2 causes SMPS 200 to operate'in'the :
intermittent burst mode as described for sﬁandéby mode
operation. ] .
The low voltage supply portibn of SMPS 200 that
produces voltage V+ may be arranged to operate as a forward
converter in case of, for example, high audib power

‘requirements. FIGURE 7 shows a modification of the circuit

of FIGURE 1 for obtaining forward converter operation. A
resistor Rx and a dibde Dy of‘FIGURE 7 servé as an overload
protection, as explained- later on. Similar symbols and
numerals in FIGURES 1 and 7 indicate similar items or
functions. Should an overload occur when the modification
shown in FIGURE 7 is employed to provide the high power
audio supply, resistor Rx senses the excess current and
provides negative bias to the emitter of transistor Q3.

FIGURE 8 shows, in a table form, the variation of
voltage B+ caused by a corresponding variation in a beam
current flowing in an ultor electrode, not shown, of a
televiston receiver. Voltage B+ energizes the deflection
circuit output stage, not shown, for producing the ultor
voltage and the beam current. FIGURE 9 shows, in a table
form, a variation of voltage B+ caused by a variation of
mains supply voltage Vjpc. '

For comparison purposes, row No. 1 in edch of the
tables of FIGURES-8 and 9 provides data obtained when a
conventional prior art SMPS using an integrated circuit
TDA4601 control circuit and a power transformer Orega No.’
V4937700 is utilized. Row No. 2 in each of the tables of
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turn-off operation is rapid because of the positive feedback caused by
winding [err] in developing signal V5. As indicated before, w nding W8
provi des pul se drive signal [err] that also contraols transistor 01. The 5
conduction interval in each cycle of ygransist & &-&4& @ remins
substantially constant or unaffected by | oading. Therefore, advantageously,

the stored energy. in transfaqrner ) en_transistaor cones
nonconduct i MRS jof §J§§{R§n§1 g“lsl V%I%E?%t Ryreap gtﬁ/éqﬁelgévg €of voltage [err]
10 Howeverpedfrmemudlicif GMPSNRO0veF FEGUREIY idhesupendmri.ati on in vol t age
VUR occurs. Wen transistor (2 ceases to conduct, a downranpi ng current
[err] of FIGURE 3e is produced in wnding [err] of transformer T2 of FI GURE
1. Current i4 causes diode 15 D3 of FIGURE 1 to be conductive and charges
capacitor C4, during interval [err] of FIGURE 3e. For a given |level of
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vol tage VUR of FIGURE 1, and for a given duty cycle of tra ﬂ" Iml ﬂﬂ PW“"
charge added to capaC|tor 4 is the sarre I n each cycle. n Mm
[.err] control voltage V4 20 of FIGUREe1l, exce for the forma d Vol't age
drop in diode D3, is substantially deV&l oped d§¥b§§nﬁ 48di ng [err] Vol tage
V4 determines the length of interval [err] of FIGURE 3e that is required to
"depl ete the naggggic energy stored in transfornmer T2 of FIGURE 1. Wen, at
time 25 t48 RE 3e, current [err] becones zero, the polarity of

signal V5 of FIGURE Bb’ dhaﬂ§é§ha§°§erB§U¢¥ SWPREE of2e 9% & | 1 ations in the

wi ndi ngs Oftéié‘é‘ﬁ%&Bépﬁratﬂserf%&%eneaaﬁiﬁgVaen cotitipRit spiplly of FI GURE 3c
i s generated. | ai'ned bef rent Qsi t.i ve |t causes

30 transi s‘(‘b*%a{ﬂ it @”T’d‘gogmf'gnﬁué{g?g ‘?‘?19"% f?éjpﬁ(;rigﬁeﬁf‘l oned
nonconduct i @i ifd ed Vikn{mwodd off opefaREodp comprisivigst ors QL and Q@ of

FI GURE 1, means (100) for generating an input supply voltage

' (Vgr) from a source of AC mains voltage;

first means (110) for generating a periodic first
control signal (Vs);

switching second means (Q1) energized by said
input supply voltage (Vyg) and responsive to said first
control signal (Vs) for producing a switching current (i,)
during both said standby-mode of operation and said run—
mode of operation;

third means (T1l) responsive to said switching
current (i;) for generating therefrom said output supply
voltage.(B+);

a source (333) of a standby-mode/run-mode first
control signal; characterized by .

- fourth means (Q4,03,02) coupled to said switching
means (Ql) and responsive to said standby-mode/ruh-mode '
first control signal and to a second control signal (i) at
a freqﬁency that is determined by a frequency of said AC
mains voltage for controlling said switching means (Ql) in
a burst mode manner during said standby mode of operation,
such that during a burst interval a plurality of switching

'~ cycles ére performed, and during an alternating dead time
interval no switching cycles are performed, the two
intervals alternating at a frequehcy that is determined by
said frequency of said AC mains voltage.

2. A power supply in accordance with Claim 1
characterized in that said switching means (Q1l)

continuously produces, in said run mode of operation,
pulses of said switching current (i;).

3. A power supply according to Claim 1

' characterized by, a load circuit (222) coupled to_said
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signal V5 is negative, as shown during interval [err] of Flmﬂ
Consequently, a current in the opposi '?e 35 pol aEi ty], as sh l HIHWJJMH”",
3c, flows through capacitor C2 of FIGURE 1, during.interval [erf] bof 'l GURE
3c; and through diode D1 of FIGURE 1 H@ring ingex Vg8, deyt4 of FI GURE 3c.

The resulting charge in capacitor C2 of FlI GURE 8 1 produces a voltage in
capacitor C2 of such a polarity that tends to rapidly turn on transistor

@, when, aoutpwe sSuPREY NELIRITS 3tB+)siagdaresBoneyye ska oidirstandegont r ol
circuit 120p9fe fiéhihode £1¥ét idonmtrol 816h8NCEErdR 33 A G e a
conductor,  pOIT bl (Y GSlintngathhLalord Wbt dtalod i esOn !
| said standbj—mode/run-mode first control signal and means
coupled to said load circuit (222) and responsive to at
least one of said output supply voltage (B+) and said load
current (iz) for generating a third control signal (Vgq)
that is coupled to said third means (T1l) for enabling said
burst mode opération when a level of said'at least one of
- said output supply voltage (B+) and load current (ij) is

outside a normal operatioh range.

4. A power supply according to Claim 3
characterized in that said third control signal (V4) varies
a duty cycle of said switching means (Q1l) during said run .
mode of operation in accordance with said output supply
voltage (B+) in a negative'feedback manner.

5. A power supply according to Claim 1 _
characterized in that during said run mode of operation the
switching cycles of said switching means (Ql) occur
continuously and uninterrupted by dead time intervals.

6. A power supply accor&ing to Claim 1
characterized by, modulating means (T2,C3) responsive to
said output supply voltage (B+) and coupled to said
switching means (Ql1) for pulse width modulating said
switching operation of said switching means (Q1) during
said run mode of operation in a negative feedback manher,
thereby regulating said output supply voltage - (B+) during

-~

said run mode of operation.

7. A power supply according to Claim 6
cha:acterizéd in that said switching operation is
controlled in an open loop manner with respect to variation
of said output supply voltage (B+) durirg sa}d standby mode
of operation. ' :
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acress capacitor.C4. A transistor Q4 of circuit 120 is couimmn"l muﬂmuu
base anplifier configuration. The base voltage of transist

via a tenperature 10 conpensatlng1%£éffd bi ased di ode DS frofm a"+12v°

val tage regul ator VRL. Regul ator VRl ener giroxd 85y 6¢8l t age V+. A fixed

resistor R51 is coupled between the emtter of transistor A and vol tage
B+. As a result of the comobn base erathgk}a curre Eerr] In resistor

R51 is 15 proporti &nal & BOYSF: SHRPEY acegrdinq & fita F'e istor R5 that is
used for admu&hmmgruhedlamethat said amediltat ing ceanad (lr2) ween t he col d

round con r ] tier t ransi st or
%A and res%%ﬁ?gqéiy% ngg R§5§§i§§3§%dgf%¥§ﬁpgcgﬁ ig?héglggé of the
current 20 finstt mns;mgtlosiqnal generatinadreansaild Opr Sort ppbserwididi

current [ emodulatimgt eatife fieke. Gbﬂﬂﬂdlcﬁghlﬂt ovsh hifugbesesdrider RS, and

an error conponent of current rri
with a waveform of said AC mains voltage to provide a soft

start operation during each period of said AC mains voltage
that occurs in said standby mode of operation.

9. A power supply according to Claim 8
characterized in that said switching means (Ql) operates in:
first and second switching states during a given switching
cycle and wherein a length of an interval when said
switching means (Q1) operates in one of said states
increases progressively during corresponding periods of
said AC mains voltage in accordance with a waveform of said
AC mains voltage to provide said soft start operation .
during said standby mode of operation. '

10. A power supply according to Claim 8
| characterized in that said soft start operation causes a '
reduction in parasitic mechanical noise in said power
supply during said standby mode of operation.

X 11. A power supply according to Claim 8
i characterized by a load (222) coupled to said output supply
- voltage that generates a load current (i3), wherein said
fourth means (Q4,03,02) is responsive to a magnitude of
said load current for controlling'said switching operation
in said burst mode manner when said magnitude of said load
‘current is excessive.

12. A power supply according to Claim 11
characterized in that said modulating means (T2,C3)
modulates said first control signal (Vs) in accordance with
said waveform of said AC mains voltage to provide said soft
start operationfwhen said magnitude of said load current
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through the emitter of transistor Q4. The collector current Imu Iﬂ"i“ﬂ lﬂl"l"l
X is coupled 25 to the base of a transistor B3 for control
col l ector current of transistor : lyi col l ector of transistor *@B"“fofni hg

h

a high output inpedance is coupled t e juncr¢adrBHe848%en capacitor C4 and
di ode D3. Vhen transi stor @ beconmes nonconductive the stored energy in

tfansforner rr o\, V. into capacitor
C4, as i nd| dP% %gérléegéﬂFi‘géjguIé-(;tl:lt}:lt g'r%v?.ﬁi{:é %%vée‘?egl upp y&{?ts achi evgd by

controllingpnonecbionoltage V4. Voltage V4 is controlled by controlling the
| oadi ng across winding W2 of transformer T2 by means of transistor (3. 35
The collector current of transistor B, that fornms a current source having
a high output inpedah3e, AssS¥ihfh @PdeoPEHPECSERPLYM ¢IMRrigidiatt es as a

flywheel . In steady méahe, féhagemarantingf anhinpet t fupply wildadet qvggpaci t or

c4
from a source of AC mains voltage at a first frequency;

a transformer (T2) having a first .winding (W;)
coupled to said input supply voltage (VhR);'characterized
by

first switching means (Q2) coupled to said first
winding (W;) for generating a switching current (ij)
therein, said first switching means (Q2) and said’
transformer (T2) forming a regenerative positive feedback
signal path that forms an oscillator (110) ﬁhat'oscillates
continuously during a run-mode of operation; |

means (Ql) coupled to said input supply voltage
(Vyr) and responsive to an output signal (Vs5) of said-
oséillator (110) for generating from said input supply
voltage (Vyr) an output supply voltage (B+) by a switching
.operation controlled in accordance with said output signal
{Vs) of said oscillator (110); :

. means (Q3,0Q4) responsive to said output supply
voltage (B+) and coupled to said oscillator (110) for
modulating said oscillator output signal (Vs) -during said

) run mode of operation in a negative feedback manner,
{ thereby regulating said output supply voltage (B+) ;

means (Q4,03) responsive to a standby-mode/run-

mode control signal (from 333) and coupled to said
"oscillator (110) for disabling the continuous oscillations
iﬁ sgid osciilator (110), in a standby mode of bperation;
and ‘

means (D2,C3) responsive to a signal (i7) at a
frequency that is determined by said first frequency for
initiating a burst mode switching operation in said first

. switching means (Q2) that is repetitive at a frequency
determined by said first frequency when the continuous
‘oscillations are disabled.
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during interval [err] of FIGURE 3e is equal to the anpunt OLII m Iﬂnmmn
renmoved by transistor 03 fromcapacitor C4 in a given perio
2a-2d illustrate waveforns useful foréf2 expl ai ning the regul*at fon

d

operation of the SWPS of FIGURE 1 und | ff er ROA 186536489 conditions
Simlar synbols and nunerals in FIGURES 1, 2a-2d and 3a-3g indicate simlar

t f t Af t f f..FLGURES 2a-2d, the 10
Loagf ngpFSCchspZntlﬂUSGPhS%&@FO§E ngai???ﬁééhﬁJQﬁ)qlﬁéﬂR 1 dgcreaseseand
vol t age B+1nﬂukadhenﬂz@meamethAs saldsmbdubdt ine neagrsed©3,04)vol t age B+,
transi stor Q3 conducl s 2apa¥iebr’ {48} £br CQLAGH NS Y & %BErOIhQBEEQQS

vol tage V4
(V4) in said capacitor (C4) having a value that is
indicative of a duty cycle of said first switching means
(Q2) required for regulating said output supply voltage
(B+), and wherein said modulating means further comprises

second switching means (Q3) that is responsive to said
switching current (i,) for coupling said capacitor (C4) to

a second winding (Wp) to apply said control voltage (V4) in
said capacitor (C4) to said second winding (W) during a
flyback interval of a given switching cycle of said first
switching means (Q2), and
means (Q4) coupled to said capacitor (C4) and

responsive to said standby-mode/run-mode control signal
(from 333) for controlling said control voltage (V4) in a
‘manner that disables said regenerative positive feedback
signal path during said standby-mode of operation.

15. A power supply according to Claim 13
characterized in that said modulating means (Q3,Q4) forms a
DC coupled signal path between a terminal (99) where said

output supply voltage (B+) is developed and said second
winding (W) of said transformer (T2).

16.- A switch mode power supply for generating an
output supply voltage (B+) during both a standby-mode of
operation and during a run-mode of operation, comprising;

means for generating an input supply voltage (VyR)
from a source of AC mains voltage;

means (110) for generating a first control signal
(Vs) at a given frequency; '

switching means (Q1) energlzed by said input
supply voltage (Vygr) and responsive to said first control
signal (Vg) for producing a switching current (i;) during
both said standby-mode of operation and said run-mode of

operation;

This Sheet Has Been Replac

Tl




of. H GURE 2c across capacitor C4 of FIGURE 1 becones 15 smaUlHlJ, IILL"! uﬂuum .
Therefore, a longer tine is required in each period for reno

i nductive energy fromtransformer T2 ?? bIockln oscillator 110, af
transi stor 02 becomes nonconducti ve. foIIomB AHer €48 | ength of the
interval, [err] of FIGURE 2a, in-a given cycle, when 20 transistor 02 of

oscillator 110 of Flylii 1('r§ WyInGeRplakive, tbr@éﬁﬁmﬁemg@ cagvend
| oadi ng condjtio

The res that the d cle, the ratio
bet ween t he! 1t%ﬂgaqlﬂ?Q?f§ G%P e%FH@ 8?1a éﬁ@g Y U@ F8d€es, as

reqU|red f oggpy pper regul ation. In steady state vol t age V4
Is stabilized at a | evel that ;9 ses an eg?ﬂglbrl bet ween t he charging
and di scharging cur refirse G O FNMOde, COREERY s

capabl e of sigmsalyg,clethesstatgemd by, a proportlonally greater change in

voltage [err] as a resjld (H4,Q3,T2,c3) responsive to said standby-
mode/run-mode control signal for controlling said switching
means (Ql) in a4 burst mode manner during seid standby mode
of operation, such that, during a burst ihterval, a
plurality of switching cycles are performed, and during an
alternating dead time interval, no switching cycles are
performed; and
_ means (D2,R3,C2) coupled to said switching means
(Q1) for controlling a switching frequency in said
switching means (Ql) during said standby-mode of operation,
such that said switching frequency of said switching means
(Q1) varies within said burst interval.

17. A power supply in accordance with Claim 16
characterized in that during said standby mode of operation
said switching frequency of said switching means (Q1) is a
function of a waveform of said input supply voltage.

18. A power supply eccording to Claim 16
characterized in that said switching frequency
i progressively decreases during said burst mode interval.

—'19. A power supply according to Claim 18
characterized in that the on-time of said switching means
progressively increases during said burst mode interval.

20. - A power supply according to Claim 16
characaterized in that said frequency control medns
provides a soft start operation within said burst interval.

21. A switch mode power supply,"comprising:
a source of input supply voltage (Vygp):
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30, anplification and current integration of the coI | ect or tm ml")mll
transistor B in capacitor C4. In a transient condition, ulﬂﬂn
B+ is, for exanple, greater than +14§2¥0Its, vol t age V4 mnll decfedse." THe *

result is that voltage V4 of FIGURE “tends t RS 8%b4®ge in a manner that
"tends to nullify the aforenentioned tendency of voltage B+ to increase

under reduced | oadi ng.¢ AdHsEorn@aU!(@R) ORaEn® 4 of sk iwiriimgoaw, ye feedback
manner. |n the extrene ca 3. a short C|rcrét ac&? mnndlng W2
REPL ACEVENTC@EEed @ YA AN RPPAYCYPT RIS Yarddsci || ator 110 thus
providing, advant ageﬂ?&ﬁ/;sﬂrtdh&hgr fBhnkaib2padsug Al Wk sadd degsti bed
winding (W,;) for generating a switching signal (i,) in said
transformer (T2) that is coupled back in a positive
feedback manner to said first switching means (Q2) to form
an oscillator (110) that oscillates contlnuously during a

run-mode of operation;
means coupled to said input supply voltage (Vygr)

and responsive to an output signal (Vg) of said oscillator
(110) for generating from said input supply voltage (Vyg)
said output supply voltage (B+) by a switching operation
controlled in accordance w1th said oscillator output signal
(Vs) ; characterized by '

means (Q4,Q03,T2) responsive to said output supply
voltage (B+) and coupled to said oscillator (110) for
modulating said oscillator output signal (Vg) during a run
mode of operation in a negative feedback manner thereby
regulating said output -supply voltage (B+);

means responsive to a standby-mode/run-mode
control signal (from 333) and coupled to said oscillator
(110) for disabling in a standby mode of operation the
continuous oscillations in said oscillator; '

means (D1,C2) responsive to a signal at a flrst

N frequency for initiating a burst mode switching operation
{ ' in said first switching means (Ql) that is repetitive at a

fregﬁency determined by said first frequency when the
continudus oscillations are disabled; |

a capacitor (C3); and

second switching means (D2) responsive to said
standby-mode/run-mode control signal for coupling said
capacitor (C3) to said positive feedback signal path to
maintain a switching frequency of said first switching
means (Ql) above an audible ranée_during said burst mode of
operation and for decoupling said capacitor (C3) from said
positive feedback signal path to prevent said capacitor
from affecting the oscillation (110) frequency of said .
oscillator during said run-mode of operation. e
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| ater on. Conversely, a tendency of voltage B+ to decrease Slww”ﬂ"ﬁmmmrl”"l
the duty cycle of transistors QL and @ in a manner that provi g I RERTLTINCS 1T 1En
regul ation. Thus, the nonconduction igkerval of transistor QL varies wth
current |loading at a term nal- 99 where vol tagea% 8% el oped. Processing

vol tage B+ for producing control 10 voltage [err] is acconplished,
advant ageously, in a DC coupled signal path for inproving error sensing.-

Al so, a'change in vaoltage B+ is capahl e of capsin propqrtional ly greater
change in vol tage V&2+hds R‘?ﬁﬁroﬂ‘ig’é’ &r PSF"E‘S‘H&? t"?‘?/%%?l“%%ly after the
error in vothagecterizedny}, fd aksisterl §R3) acpipIeddcersadd caphaiited i n DC
coupl ed vol 4 is, transforner. . Al e 0 . t | se-wi dth
nodul ati on. t@%g %/%ﬂbcfjﬁsa(ﬁaoﬁ?io SSL?@% Fgg?gggé)ii gr)ovcg“fsr]c q‘rcﬁ’[el&%ea‘gu&éﬂ%on of
vol t age B+.intervals when no burst que switching operation'occurs in

said standby mode of operation.

23. A power supply according to Claim 22
characterized in that said second switching means comprises
a diode (D2) that is coupled between a second winding (Wj3)

of said transformer and said éapacitor.

24. A power supply accbrding to Claim 23
charécterized in that a current thaﬁ charges said capacitor
(C3) via said diode (D2) develops a voltage in said
capacitor (C3) that is ramping in a first direction during
a given burst-mode interval and wherein said resistor (R3)
causes said capacitor-(c3)_voltage to ramp in an opposite
direction during said dead time intervals. |

A
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Anot her way by which an. arrangenent simlar to 20 control circuit 120 is ¢
used for regul ation purposes is shown and- explained in a copending U S. QQ
Patent Application 424,353 entitled, A SYNCHRONI ZED SW TCH MODE POVNER

SUPPLY, (RCA 85439 GB Application No. ) filed GB concurrently.
voltage that is produced simlarly to voltage V4 of Fl GURE 25 17is
transforner coupled to a sawtooth generator. The transformer coupled

vol t age varies a sawtooth signal that ]ﬁgzsed for producing a pul se-wi dth
nodul at ed control signal. A zener diode is coupled in series with a 30

resi stor RD4, between the base and collector electrodes of transistor @.
Zener di ode D4, advantageously, limts voltage V4 to about 39 volts, which
limts the frequency of oscillator 110, or the mninmumcut-off tinme of
transistors @ and QL. In this way, the maxi num power transferred to

us
Bel BBs
Z2oRleHSEEZ] - 9
ow@| |lus- © 8
b e < 4 < -
Fo] L=14*
(Le o 4 b
2 X
8. ! =28%
> T,
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35 -~the load is, advantageously, limted for providing over- current
‘protection. For safe operation, it may be desirable to have secondary
current i3 in winding [err] decay to zero -before REPLACEMENT SHEET
transistor QL is turned on again. This means that the decay tinme of current
[err] should be, preferably, shorter than that of current i4 of bl ocking
oscillator 110. This condition can be net by a proper choice of the prinmary
5 i nduct ance of transfornmer T2 and he val ue of zener diode D4.

St andby operation is initiated by operdtfng SMPS 200 in a | ow power
operation node. The | ow power operation

HIGHER LOAD <« LOVER LOAD
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nmode- occurs when the power demand fromthe SMPS drops bel ow 10 20-30
watts. For exanple, within horizontal deflection circuit 222 a horizontal
oscillator, not shown, that is controlled by a renpte control unit 333
ceases operating during standby. Therefore, a horizontal deflection output
stage in deflection circuit 222, that is energized by 15 Vvoltage B+,
ceases operation as well. Cbnsequentlg' the loading at term nal 99, where
vol tage B+ is produced, is reduced Iélloms that voltage B+ and the
error current in transistor Q4 tend to increase. Therefore, transistor (B
saturates, causing a near short circuit across wnding 20 [err] of
transforner T2, that causes voltage V4 to be approximately zero throughout
t he standby node of operati gA. Consequently, unlike in the run-node of
operation, a positive puls??gf signal [e nnot be generated by

l .

resonance oscillations in {ransforf@ T2. i
20, 1Cul, wi | e
46mH 8 H 100t
: W2" g0,25Cul
& wll '
2 0,25 '
CuL w3 :
wa ,FORMER
AR GAP
MATERIAL: U15 PHILIPS
: TYPE 3CS
CORE: 3122134 90690

INSULATION FORMER: 3122 134 02540

" FIG. 4 TRANSFORMER T2
TRANSFORMERY -
DATA
T\ g
108t -
6 045CuL Wp {HlR Ws oot 3 05CuL
1,5I'I'IH 1
| 1ot
\,__.
AIR GAP
= 1.5mm
7 _ |
iNsutaTioN ~ FORMER MATERIAL: E42/20
SIEMENS N27
CORE:  B66329-G1500

k TRANSFORMERT{  FORMER: B66243-A1018-T1
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25, ~follows that the regenerative feedback loop is prevented from
initiating the turn on transistor 2. Consequently, continuous oscillation
cannot be sustained. - In accordance with an aspect of the invention,
transistor 2 is periodically triggered into switching in a 30 burst node
operation by an upranping portion of a half wave rectified voltage of a _
signal V7. Signal V7 occurs at the nalq@/Brequency such as 50Hz. Signal V7
is derived frombridge rectifier 100 an applied to the base’ of

transistor 2 via a series arrangenent of a resistor RL and 35 a capacitor
Cl. The series arrangenent operates as a differentiator that produces a

current [err] FIGURES Sa-5d illustrate waveforns during standby operation,
i ndi cating that burst nPde swi t chi ng operatlon

|

e B ' - FIG.5

|
T:o 1'Il 4
Ton ta 1,22 a0 \
L T
—'[—l- —:—— Ay ng)
|
, | f\ ' /\ N f\ o 1 4)
. : Lo 45V
| 0me /-

e e———l
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REPLACENMENT SHEET 12 of oscillator 110 occurs during an'interval [err]
followed by a dead tine interval [err] when no trigger pulses of signa
[err] are present in the blocking oscillator. Simlar synbols and nuneral s
in FIGURES 1 and [err] 5 indicate simlar itens or functi-ons. A parallel
arrangenent of a capacitor C3 of FIGURE 1 and a resistor R3 is coupled in
series wwth a diode D2 to form an arrﬁszgyent that is coupl ed between the
hot ground conductor and junction ter 104a, between capacitor C2 10
and resistor R2. A diode D1 is coupled in parallel wth capacitor C2.
During normal run node operation, capacitor C3 remains charged to a
constant voltage V6 by the positive "

AUDIO-
VOLTAGE
SUPPLY

B+
+18V
Nl
Cx

FIG 7 * MODIFICATION OF THE CIRCUIT OF FIGURE 1 BD675 X a3
. FOR HIGH AUDIO POWER CONSUMPTION - /(

Q1-BUZ50A
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vol t age pul ses of signal [err] that is developed in winding WB 15 each
tim@ transistor @ is conductive. Therefore, capacitor C3 is decoupl ed
fromthe positive feedback signal path and has no effect on circuit
operation. During standby operation, capacitor C3 discharges during the

| ong inactive periods or dead tinme, as shown by voltage V6 20 between
times [err] in FIGJURE 5b. Imrediately ggﬁr?_ti me [err] of FIGURE 5a of a
given interval [err] current [err] of E 1, produced by vaoltage
differentiation in capacitor Cl, increases fromzero to a maxi num positive’
value. As a result, a base 25 current, produced in transistor @, causes
transistor 2 to be conductive. Wen transistor @2 becones conductive, a
positive pulse of signal [err] is produced in winding [err] that maintains
transistors QL and @2 conductive. Simlarly to normal run node operation

t hat was : '

FIG. 8

MAINS = BEAM B+
| VOLTAGE CURRENT VOLTAGE - CIRCUIT
sl row# [VI . [mA]  [V] AV[mV] TYPE

08 139.8 -
PRIOR
1 220 700
| 0 1405 _ ART
08 1405
SMPS OF
2 220 200

FIG. 9

MAINS  geam B+

VOLTAGE - GURRENT VOLTAGE CIRCUIT
) rows [VVac [mA] [V] av[mV] TYPE
1 1% os o 14  PRIOR
250 © 1405 ART
s 1404 04 SMPSOF
250 1408 FIG. 1
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3 descri bed before, transistor 2 remains conductive until the nagnltu
of He base current of transistor Q@ is insufficient to maintain transist
C2*|n saturation, as collector current i2 is upranping. Then, collector
,volfage V2 increases and signal [err] decreases. The result is that 35
means of positive feedback transistor @ is turned-off. ‘The vol tage acros
capaci tor C2 produces negative current26-s that discharges capacitor C2 via
a diode D7 and that maintains transistor 2 in cut-off. As long as a 13
magni t ude of negative current is is larger than that of positive current
[err] the base current in transi SA@sTR¥CcTS zero and transistor @ renains
nonconductive. Wen the - '

10

15

20

- 25

A SWITCH-MODE POWER SUPPLY WITH BURST MODE
' STANDBY OPERATION

In a switch mode power supply.(260), a

first switching transistor (Q2) is coupled to a primary
winding (W;) of a transformer (T2) for generating pulses of

a switching current (i;). A secondary winding (W;) of the
transformer is coupled via a switching diode (D3) to a =

capacitor (C4) of a control circuit for developing a
control signal (V4) in the capacitor (C4). The control

signal (V4) is applied to a mains coupled chopper second

transistor (QI) for generating and regulating supply

voltages in accordance with pulse width modulation of the

control signal (V4). During standby operation, the first

(Q2) and second (Q1l) transistors operate in a burst mode
that is repetitive at a frequency of the AC mains supply
voltage such as 50Hz. In the burst mode operation, during
intervals in which pulses of the sﬁitching current occur,
the pulse width and peak amplitude of the switching current
pulses progressively increase in accordance with the
waveform of the mains supply voltage to provide a soft
start operation in the standby mode of operation within

-each burst group.

ov1C

by
S
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nhgnltude of negatlve current is of FICGURE 1 becewe3“5~Sﬂmirerfthan“cggmaﬁ
“[err] transistor @ is turned.on again and poktlﬁv

: generated. During a substantial. portion of a g;gﬂy}
transistor 2, current is flows entirely viac -
current of transistor 2. 10 Because coIIectbP“ L5 ZHER

the enitter voltage of transistor Q increases #n: n:ﬂpranﬁbﬁg ﬂﬁéﬁe -----
causing the voltage at the anode of diqde D2 Fo i ncrease. When the voltage

at the anode of diode D2 becones suffi ientlylpg;*t]@g“~ngg@“Egﬂﬁ@glns
conducting. 15 Therefore, a substanti al gort CUTTEeM 1S 1S diverted

by capacitor C3 fr SWEIGHMODE BPWER,SUPREY,WXTH BURST MODE: STANPBY: the base

_current becones insufficient to sust ®pgrAlREORO! | ect or current_of transi st or
Q. Therefore, the Pogili¥ged SEARRY IRk oPBlL: SRURSE 'SS] StOr Q@ to
f'ur n-

power
supplies.

In a typical'switch mode power supply (SMPS) of a
television receiver the AC mains supply voltage is coupled
to a bridge rectifier. An unregulated direct current (DC)
input supply voltage is produced. A pulge width modulator
controls the duty cycle of a chopper transistor switch that
applies the unregulatéd supply voltage across a primary
winding of a flyback transformer. A flyback voltage at a
frequency.that is determined by the modulator is developed
at a secondary winding of the transformer and is rectified
to produce DC output supply voltages such as a B+ voltage
that energizes a horizontal deflection circuit of the

television receiver, and a voltage that energizes a remote
control unit.

10

15

During normal operation, the DC output supply

voltages are regulated.by the pulse width modulator in a
20 negative feedback manner. During standby operation, the
SMPS is required to generate the DC output supply voltage
that energizes the remote control unit. However, most
other stages of the television receiver are inoperative and
do not draw supply'currents. Consequently, the aéerage
value of the duty cycle of the chopper transistor may have

to be substantially lower during standby than during normal
operation.

- Because of, for example, storage time limitation
in the chopper transistor, it may not be possible to reduce
the length of the conduction interval in a given cycle
below a minimum level. Thus, in order to maintain the
average value of the duty cycle low, it may be desirable to
operate the chopper transistor in an intermittent or burst
mode, during standby. During standby, a long dead time
interval occurs between consecutively occurring burst mode
operation intervals. Only during the burst mode operation
interval does switching operation occur in the chopper

30

35§

A.
S
2

;ﬂaa- o
o



20 off. Thus, the peak anplitude of current i2 is det

-of voltage V6 across capacitor C3. During interval [err
capacitor C3 of FIGURE 1 is coupled via diode D2 to th
signal path and charged by positive 25 current [err]

V6 of FI GURE 5b becones progressively larger. In accordaffjce with a furth

aspect of the inventien, -voltage V6 that becones progressively

causes the conduction interval during egh cycle that 3 Qccurs in
interval [err] of FIGURES Sa-5d to become progressively |onger.

Cogseque]nt I Y S:hasaee&ranpthéuéeéuwcus :]:3;&%“ Ie%%\rmf’% ége g%?ﬁus%g%nger r]
rr] o crease
oo |8% ? e§%€¥¥S£§ Sﬂcurs in interval [err] of

nonconductlon

FI GURES 5a-

5

10

15

20

25

30

35

he28 DEE, 199¢! tia

In accordance with an aspect of the invention,
burst mode operation intervals are initiated and occur at a
rate that is determined by a repetitive signal at the
frequency of the AC malns.supply voltage. For example,
when the mains supply voltage is at 50Hz, with a period of
20 milliseconds, each burst mode operation interval, when
sﬁitching cycles occur, may last S milliseconds, and the
dead time interval when no switching cycles occur, may last
during the remainder portion of 15 milliseconds. Such
arrangement, that is triggered by a signal at the. frequency
of the mains supply voltage, simplifies the design of the
SMPS.

The burst mode operation intervals that occur in
standby operation are synchronized to the 50Hz signal.
During each such interval, pulses of current are produced
in transformers and inductances of the SMPS. The'pulses of
current occur in clusters that are repetitive at SOHz. The
pulses of current occur at a frequency that is equal to the
switching frequency of the chopper transistor within each
burst mode operation interval. Such current pulses might
produce an objectionable sound during power-off or standby
operation. The objectionable sound might be produced due to
possible parasitic mechaaical vibrations as a result of the
pulse currents in, for example, the inductances and
transformers of the SMPS.

- In accordance with another aspect of the
invention, the change in the AC mains supply voltage during
each period causes the length of the conduction interval in
consecutively occurring switching cycle during the burst
mode operation interval to increase progressively. Such =
operation that occurs during each burst mode operation
interval may be.referred.to as soft start operation. The
soft start operation causes, for example, gradual charging
of capacitors in the SMPS. Consequently, the parasitic
mechanical vibrations are substantially reduced. 2also, the
frequency of the switching cycles within each burst mode



5d, capacitor C2 of FIGURE 1 is discharged via a diode «ainel p & et gﬁzﬁﬁ
~The I ength of the nonconduction interval of transistor

- determned by the time ~ 14 required for discharging cagpacitor C2 to sych
a level that causes a magnitude of negative current [err
than that of positive current i7. In accordance with an je
aspect of 5
progressively | onger because capacitor C2 is charged to la—progressively
hi gher vol t ageparatépsointenvalk t#mmaﬁnﬁaﬂng@eabbveuthenauétbxé tEacyETeS

It o 2BDEGEIMEr |

odi ment of ar
the invention, the nonconducti on interval jpecones

progr essi vel Yféﬁafh%heIhﬁé&fxéiﬁ‘g 081 LetR 1PV 6L 8a1BIS IndE N 1 OWiNg

in the base of tranS|
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A switch mode power supply, embodying an aspect of
the invention, for generating an output supply voltage
during both a standby-mode of operation and during a run-
mode of operation includes a source of AC mains input
supply voltage. A control signal at a given frequency is
generated. A switching arrangement energized by the input
supply voltage and responsive to the first control signal
Produces a switching current during both the standby-mode
of operation and the run-mode operation. The output supply
voltage is generated from the switching current. An
arrangement coupled to the switching arrangement and
responsive to a standby-mode/run-mode control signal and to
a signal at a frequency that is determined by a frequency
of the AC mains input supply voltage controls the switching
arrangement in a burst mode manner during the standby-mode
of operation. During a burst interval, a plurality of
switching cycles are performed and during an alternating
dead time interval no switching cycles are performed. The

~ two intervals alternate at a frequency that is determined

by the frequency of the AC mains input suppiy voltage.
In the Drawing:

FIGURE 1 illustrates a power supply embodying an
aspect of the invention;

FIGURES 2a-2d illustrate waveforms useful for
explaining the run mode operation of the circuit of FIGURE
1 when loading varies;

FIGURES 3a-3g illustrate additional waveforms
useful for explaining the run mode operation of the circuit
of FIGURE 1 under a constant loading condition;

' FIGURE 4 illustrates the way the isolation
transformers that are used in the circuit of FIGURE 1 are
constructed;

FIGURES Sa-5d illustrate waveforms useful for

explaining a standby operation of the power supply of
FIGURE 1;



10 af ter progressively |onger nonconduction intervals. T FHELAGEMENT SHERTH]

-the switching frequency during the burst node interval wl
decrease progressively. At time [err] O FIGJURE 5a curr

Therefore, burst node operation that occurred during 15
cannot continue and the long dead tine interval [err] o

swi_.tchi ng operation happens. At tine [egr] positive curfent [err] is

vary or

ipterval [err]

nt; [ez chmgrc.

generated again and a subsequent burst nmpde switching intervar occurs In
transistors QL and Q2. xﬁfhums 6a-6d i@ihbﬂﬂaé@etf&ﬁ§iet{ﬂ)dﬁvb&befn¥a| [err]
of FI GURE 5d, the Ien t

progr essi vel y, usgfuak r con%&t hggﬁlgegeﬁ[‘\é% n%RF be cé‘g'écf’gdl ncreases |

to by
the term soft BIGUREopedutingLsﬁkxnhnps of the soft start operation, 25

capacitors, for exanpl epr@ireM’I AUbtaatesa fi8dification of the circuit
5 of FIGURE 1 that increases output power;

FIGURE 8 provides performance data, in a table
form, of the circuit of FIGURE 1 and also, for comparison
purposes, of a conventional power supply:; and

, FIGURE 9 provides additional performance data, in
10 a table form, of the circuit of FIGURE 1 and also, for
comparisdn purposes, of a conventional power supply.

FIGURE 1 illustrates a switch-mode power supply
(SMPS) 200, embodying an aspect of the invention. SMPS 200
produces a B+ output supply voltage of +145 volts that is

15 used for energizing, for example, a deflection circuit of a
television receiver, not shown, and an output supply
volﬁage v+ of +18 volts that are both regulated. A mains
supply voltage Vo is rectified in a bridge rectifier 100
to produce an unregulated voltage Vygr. A primary winding-

20 w, of a flyback isolation transformer Tl is coupled
between a terminal 100a, where voltage Vyr is developed,

and a drain electrode of a power chopper metal oxide
semiconductor (MOS) field effect transistor QL.

The source electrode of MOS transistor Q1 of
FIGURE 1 is coupled to a common conductor, referred to
herein as "hot" ground. The gate electrode of transistor

Q1 is coupled via a coupling resistor 102 to a terminal 104
where a-pulse-width modulated signal Vg is produced.

Signal Vg produces a switching operation in transistqr Q1.
30 A secondary winding W3 of an isolation transformer T2,
~across which signal Vg is developed, is coupled between

25

terminal 104 and the hot ground conductor. A pair of back-

to-back zener diodes Z18A and Z18B provide gate protection
in transistor Q1. Winding W3, winding W,, transistor Q1

35 and signal Vg are at potentials that are referenced to the
hot ground conductor.

—



di scharged in a gradual manner. In accordance with an enjoRERBHIEMENTafidE B e
“aspect of the inventien, voltage V6 of capacitor C3, by RKeifng Tower ttam
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1 and 4 indicate similar items or functions.
FIGURES 3a-3g illustrate waveforms useful for
S explaining the normal éteady state operation or run mode of
the SMPS of FIGURE 1 under a constant loading condition.
Similar symbols and numerals in FIGURES 1 and 3a-3g
indicate similar items or functionms.
During, for example, interval t-t; of FIGURE 3b of

a corresponding given cycle or period, the voltage of puise
signal Vg is positive relative to the hot ground conductor

for maintaining transistor Q1 of FIGURE 1 conductive during
interval tg-t; of FIGURE 3b. Consequently, a current i; in
winding Wy of FIGURE 1 is upramping, as shown in FIGURE 3d,
15 during interval tg-t;. Therefore, a quantity of inductive
energy is stored in transformer Tl of FIGURE 1. At time t,

10

of FIGURE 3d, transistor Q1 of FIGURE 1 becomes
nonconductive.

After transistor Q1 becomes nonconductive, the

20 4inductive energy stored in winding W, is transferred, by
flyback transformer action, to a secondary winding Wg of
transformer Tl. Flyback pulses developed at terminals 108
and 109 of winding Wg are rectified by diodes 106 and 107,
'respectively, and filtered in capacitors 121 and 122,

25

respectively, for producing DC voltages B+ and V+,
respectively, that are all referenced to a second common
conductor, referred to herein as "cold* ground. The cold
ground is conductively isolated from the hot ground'
conductor, with respect to an electrical shock hazard, by
30 transformers T1 and T2. Transistor Ql, transformer Tl and
diodes 106 and 107 form an output stage of the SMPS.

A pulse-width modulator of SMPS 200 includes a
blocking oscillator 110, embodying an aspect of the
invention, that produces switching signal Vg for

35 controlling the switching operation of transistor Ql.

Oscillator 110 includes a switching transistor Q2 having a
base electrode that is also controlled or switched by
signal Vg. Winding W3 of transformer T2 provides positive



15 sufficient level to enable the operation of renote contr
"FIGURE 1, during standby. Because of the burst nbde operati
consuned in SMPS 200 is maintained substantially | ower, at
than 5 during normal run node operation. To generate voIt
required |l evel for operating remote control unit 333, a corfrdgs spon

average duty cycle of transistors QL and6Q, that is substgntialTy | ower
than during run node, is required. The length of the 10 ¢ Lon

interval in tréesdsack iﬁ.oéaﬂihatompueo bhodévbinpinqu;ﬂgdduav the storage
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swi t chi ng operahaﬁnwﬁndimgcwylﬂﬁiréwétéﬂced to the hot ground conductor.
5 A secondary winding W, of transformer T2, that is

referenced to the cold ground conductor;, is conductively
coupled to a diode D3 of a control circuit 120, embodying
another aspect of the invention, that is also referenced to
the cold ground conductor.

10 The cathode of diode D3 is coupled to the cold
ground conductor via a capacitor C4. As explained later
on, a DC control voltage V; developed across capacitor C4

varies the nonconduction time or duty cycle of transistor
Q2 during each period. _

15 A capacitor C2 is coupled between the base
electrode of transistor Q2 and a terminal 104a. A resistor
R2 is coupled between terminal 104a and terminal 104 where
signal Vg5 is developed. During interval tg-t; of FIGURE
3b, a current ig of FIGURE 3c is produced in resistor R2 of

20 FIGURE 1 that is coupled between terminals 104 and 104a.
Current ig of FIGURE 3¢, that is produced by signal Vg of
FIGURE 3b, charges capacitor C2 of FIGURE 1 in a manner
that turns on transistor Q2, during interval ty-t; of
FIGURE 3d. ' '

25

During normal operation, when transistor Q2 of
FIGURE 1 is conductive, a current iz of FIGURE 3d in

winding W; of FIGURE 1 increases linearly, until an emitter
voltage-of transistor Q2, that is developed across'an
emitter resistor R4, is sufficiently high to initiate a

30 rapid turn-off operation in transistor Q2. Feedback
resistor R4 is coupled between the emitter of transistor Q2

and the hot ground conductor. Resistor R4 causes a graduél
decrease of current ig of FIGURE 3c when transistor Q2 of

FIGURE 1 is conductive until transistor Q2 ceases to
35 conduct at time t; of FIGURE 3c. Resistor R4 of FIGURE 1
also serves to optimize the switching condition and to

provide current protection in transistor Q2. The result is
that the voltage across winding W; reverses polarity. The



standby. Such continuous sw tching operation in transi st
occurs during normal run node operation w thout the occurlr &&
i ntervals such as interval [err] of FIGURE 5d. 20 The S

also a soft start-up feature, as will now be expl ained wi h_tE;g@Eﬂ;uﬁb
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, S conduction interval in each cycle of transistors Q1 and Q2
remains substantially constant or unaffected by loading.
Therefore, advantageously, the stored energy in transformer

Tl, when transistor Q1 becomes nonconductive, is
substantially constant for a given level of voltage Vyg.

S

10

However, the conduction interval may vary when a variation
in voltage Vyg occurs. '

When transisgor Q2 ceases to conduct, a
downramping current iy of FIGURE 3e is produced in winding
Wy of transformer T2 of FIGURE 1. Current iy causes diode
D3 of FIGURE 1 to be conductive and charges capacitor C4,
during interval t;-t4 of FIGURE 3e. For a given level of

- voltage Vyg of FIGURE 1, and for a given duty cycle of

15

transistor Q2, the charge added to capacitor C4 is the same

in each cycle. During.interval t;-t4, control voltage V,

20 of FIGURE 1, except for the forward voltage drop in diode

D3, is substantially developed across winding W,.

Voltage V; determines the length of interval t;-t,4
of FIGURE 3e that is required to deplete the magnetic
energy stored in transformer T2 of FIGURE 1. When, at time
t4 of FIGURE 3e, current i, becomes zero, the polarity of
signal V5 of FIGURE 3b changes as a result of resonance
oscillations in the windings of transformer T2. Therefore,
positive current ig of FIGURE 3c is generated. As
explained before, when current ig is positive, it causes
30 transistors Q1 and Q2 to be conductive.

During the aforementioned nonconduction interval
ty~t4 of FIGURE 3b of transistors Q1 and Q2 of FIGURE 1,

signal Vg is negative, as shown during interval t;-t, of
EIGURE 3b.

25

Consequently, a current in the opposite
polarity, as shown in FIGURES 3c, flows through capacitor
C2 of FIGURE 1, during interval t;-t, of FIGURE 3¢, and
through diode D1 of FIGURE 1 during interval t,-t4 of

35

FIGURE 3c. The resulting charge in capacitor C2 of FIGURE



winding W2 of transformer T2 is heavily loaded by the dis hﬁf@éﬁf “m‘“rw

*C4. The charge on capacitors C3 and C4, and voltage B+ bul | up gradual
over a period of 35 about |5nsec, as shown in FIGURE 6¢ Nﬁ% C 1996
operation begins followng this slow build up. In case of}a}sHort circuit
at output termnal 99 of FIGURE 1, for exanple, SMPS 200

0es i]ltU all 1
6 intermttent node operation, in a simgar manner to thejstand-by

operation node. For exanple, if capacitor Cl21 of FIGURE *=t+s=SNOrt’

circuited, the incr i.n ted3 ' C i ding W
of transfor me‘(r?l ?f%g%%gigegg;e%gghié# %Jeég%%% tg};g%?guggvg[ﬂ%i%%#&gs a
resi st or that tends to rapidly turn on transistor Q2, when, at time

t, of FIGURES 3b, signal Vg reverses polarity.
Control circuit 120 of FIGURE 1, that is

5 referenced to the cold ground conductor, controls the duty
cycle of oscillator 110 by varying control voltage V,
across capacitor C4. A transistor Q4 of circuit 120 is
coupled in a common base amplifier configuration. The base
voltage of transistor Q4 is obtained via a temperature

10 compensating forward biased diode D5 from a +12V voltage
regulator VR1. Regulator VRl is energized by voltage V¢,

A fixed resistor RS51 is coupied between the
enitter of transistor Q4 and'voltage B+. As a result of
the common base operation, a current ig in resistor RS1 is

15 proportional to voltage B+. An adjustable resistor R5 that
is used for adjusting the level of voltage B+ is coupled
between the cold ground conductor and a junction terminal
between the emitter of transistor Q4 and resistor RS1.
Resistor R51 is used to determine the level of the current

20 in transistor Q4. Thus, an adjustable preset portion of
current ig flows to the cold ground conductor through
resistor RS, and an error component of current ig flows
through the emitter of transistor Q4.

| The'collector current of transistor Q4 is coupled

25 to the base of a transistor Q3 for controlling a collector
current of transistor Q3. The collector of transistor Q3
forming a high output impedance is coupled to the junction
between~capacitor C4 and diode D3. When transistor Q2
becomes nonconductive the stored energy in transformer T2

30 causes current ig to flow via diode D3 into capacitor C4,
as indicated before. Regulation of the power supply is
achieved by controlling control voltage V4. Voltage V4 is
controlled by controlling the loading across winding W, of
transformer T2 by means of transistor Q3.

35 The collector current of transistor Q3, that forms

a current source having a high output impedance, is coupled

to capacitor C4 that operates as a flywheel. 'In steady
state, the amount of charge that is added to capacitor C4
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forward converter Operation. A résistor Rx and a di od Dy of FIGQURE 7 serve
as an over| oa@fprbasgei hat ais cxgmavac Py é‘-t’-'élnséﬁ.toa Qﬁl.sroaqucsim 20
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overload occur when th%IEBgELifgﬁééwillustrate waveforms useful for

5 explaining the regulation operation of the SMPS of FIGURE 1
under different loading conditions. Similar symbols and
numerals in FIGURES 1, 2a-2d and 3a-3g indicate similar
items or functions.

After, for example, time t, of FIGURES 2a-2d, the
power supply current loading across capacitor 121 of FIGURE
‘1 decreases and voltage B+ tends to increase. As a result

of the increase in voltage B+, transistor Q3 conducts a
higher level of collector current. Therefore, voltage V,

10

of FIGURE 2c¢ across capacitor C4 of FIGURE 1 becomes
15 smaller. Therefore, a lohger time is required in each

period for removing the stored inductive energy from

transformer T2 of blocking oscillator 110, after transistor

Q2 becomes nonconductive. It follows that the length of

the interval, tp-tg, of FIGURE 2a, in a given cycle, when
20 transistor Q2 of oscillator 110 of FIGURE 1 is
nonconductive, increases under reduced loading condition.
The result is that the duty cycle, that is the ratio.
between the "on" time to the “off" time of transistor Q1,
decreases, as required for proper regulation.

In steady state, voltage V; is stabilized at a

level that causes an equilibrium between the charging and
discharging currents of capacitor C4. The increase in

. voltage B+ is capable of causing, advantageously, a
proportionally greater change in voltage V4, as a result of

25

30 amplification and current integration of the collector
current of transistor Q3 in capacitor C4. 1In a transient

condition, as long as voltage B+ is, for example, greater
than +145 volts, voltage V; will decrease.

The result is that voltage V, of FIGURE 1 tends to
change in a manner that tends to nullify the aforementioned
tendency of voltage B+ to increase under reduced loading.

Thus, regulation is obtained in a negative feedback manner.
In the extreme case, a short circuit across winding W,

35
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will increase the duty cycle of transistors Q1 and Q2 in a
manner that provides regulation. Thus, the nonconduction
interval of transistor Q1 varies with current loading at a
terminal 99 where voltage B+ is developed.

Processing voltage B+ for producing control
voltage V4 is accomplished, advantageously, in a DC coupled

signal path for improving error sensing. Also, a change in

_voltage B+ is capable of causing a proportionally greater

change in voltage V4 thus improving error sensitivity.

Only after the error in voltage B+ is amplified, the
amplified error contained in DC coupled voltage V,; is
transformer or AC coupled to effectuate pulse-width
modulation. The combination of such features improves the
regulation of voltage B+.

Another way'by which an arrangement similar to
control circuit 120 is used for regulation purposes is
shown and explained in a copending U.S. Patent Application
424,353 entitled, A SYNCHRONIZED SWITCH-MODE POWER SUPPLY,
(RCA 85439 GB Application No. ) filed GB concurrently.
voltage that is produced similarly to voltage V4 of FIGURE
1 is transformer coupled to a sawtooth generator. The
transformer coupled voltage varies a sawtooth signal that
is used for producing a pulse-width modulated control
signal.” )

A zener diode D4 is coupled in series with a
resistor RD4, betéeen the base and collector electrodes of
transistor Q3. Zener diode D4, advantageously, limits
voltage V; to about 39 volts, which limits the frequency of
oscillator 110, or the minimum cut-off time of transistors
Q2 and Q1. In this way, the maximum power transferred to
the load is, advantageously, limited for providing over-
current protection.

For safe operation, it may be desirable to have
secondary current i3 in winding W; decay to zero before
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transistor Q1 is turned on again. This means that the
decay time of current i3 should be, preferably, shorter

than that of current i; of blocking oscillator 110. This

condition can be met by a proper choice of the primary
S inductance of transformer T2 and of the value of zener
diode D4. : i
Standby operation is initiated by operating SMPS
200 in a low power operation mode. The low power operation
mode occurs when the power demand from the SMPS drops below
10 20-30 watts. For éxample, within horizontal deflection
circuit 222 a horizontal oscillator, not shown, that is
controlled by a remote control unit 333 ceases operating
during standby. Therefore, a horizontal &eflection output
stage in deflection circuit 222, that is energized by
15 voltage B+, ceases operation as well. Consequently, the
loading at terminal 99, where voltage B+ is produced, is
reduced. It follows that voltage B+ and the error current
in transistor Q4 tend to increase. Therefore, transistor
Q3 saturates, causing a near short circuit across winding
20 Wy,of transformer T2, that causes voltage V; to be
approximately zero throughout the standby mode of
operation. Consequently, unlike in the run-mode of
operation, a positive pulse of signal Vg cannot be

generated by resonance oscillations in transformer T2. 1t

25 follows that the regenerative feedback loop is prevented
from initiating the turn on transistor Q2. Consequently,
continuous oscillation cannot be sustained.

= In accordance with an aspect of the invention,
transistor Q2 is periodically triggered into switching in a
30

burst mode operation by an upramping pdrtion of a half wave
rectified voltage of a signal V4. Signal V4 occurs at the

mains frequency, such as S50Hz. Signal V,; is derived from
bridge rectifier 100 and is applied to the base of
transistor Q2 via a series arrangement of a resistor Rl and
35 a capacitor Cl. The series arrangement operates as a
differentiator that produces a current i,.
FIGURES Sa-5d illustrate waveforms during standby
operation, indicating that burst mode switching operation
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pulses of signal Vg are present in the blocking oscillator.
Similar symbols and numerals in FIGURES 1 and 5a-5d
S indicate similar items or functionms.
' A parallel arrangement of a capacitor C3 of FIGURE
1 and a resistor R3 is coupled in series with a diode D2 to
form an arrangement that is coupled between the hot ground
conductor and junction terminal 104a, between capacitor C2
10 and resistor R2. A diode D1 is coupled in parallel with
capacitor C2.

During normal run mode operation, capacitor C3
remains charged to a constant voltage Vg by the positive
voltage pulses of signal Vg that is developed in winding W,

15 each time transistor Q2 is conductive. Therefore,
capacitor C3 is decoupled from the positive feedback signal
path and has no effect on circuit operation. During

standby operation, capacitor C3 discharges during the long
inactive periods or dead time, as shown by voltage Ve

20 Dbetween times tjs-t;3 in FIGURE Sb.

Immediately after time t;o of FIGURE S5a of a given
interval ty¢-t;3, current i, of FIGURE 1, produced by
voltage differentiation in capacitor Cl, increases from
zero to a maximum positive value. As a result, a base

25 current, produced in transistor Q2, causes transistor Q2 to
be conductive. When transistor Q2 becomes conductive, a
positive pulse of signal Vs is produced in winding W3 that
maintaifns transistors Q1 and Q2 conductive.

Similarly to normal run mode operation that was

30 described before, transistor Q2 remains conductive until
the magnitude of the base current of transistor Q2 is
insufficient to maintain transistor Q2 in saturation, as
collector current i, is upramping. Then, collector voltage
V2 increases and signal Vg decreases. The result is that

35 by means of positive feedback transistor Q2 is turned-off.

The voltage across capacitor C2 produces negative
current ig that discharges capacitor C2 via a diode D7 and

that maintains transistor Q2 in cut-off. As long és-a



first control signal and to a second control signal [erf ]HEﬂAQEMEMh@ﬂEEV
- that is determned by a frequency of said AC mains voltpgg Tor—Tonttoeth ng

said switching nmeans (QL) in a burst node manner duringj sp d nod
of operation, such that during a burst interval a plura d%ébm %ﬁl ng

cycles are perfornmed, and during an alternating dead tine 1nfnrval no
switching cycles. are performed, the tywg intervals alte

rnating at a
frequency that is determned by said frequency of said ﬁ(?ﬂBTﬁS“VGFPGQGFJZ.

A power suppln)agﬂlﬁi‘(fé)rdﬁm@;a/uﬂ\h Guairent agaiaclﬁq&ecihaa that egid

swi tching ne ontln ro Syt [ Pg ration,
pul ses of sai%c]ésé&q %‘ff R ngg g\u Eé %uppgngg(?gSFd?g fo daim
1 characteri zascdyyand tmmmmuqz (rzﬁﬁ)lnsouphedndmctsarei When the
magnitude of negative current ig of FIGURE 1 becomes
5 smaller than current i,, transistor Q2 is turned on again

and positive current ig is generated.

During a substantial portion of a given conduction
interval of transistor Q2, current ig flows entirely via

capacitor C2 to form the base current of transistor Q2.

10 Because collector current i, is upramping, the emitter

voltage of transistor Q2 increases in an upramping manner,
causing the voltage at the anode of diode D2 to increase.
When the voltaée at the anode of diode D2 becomes

sufficiently positive, .diode D2 begins conducting.

15 Therefore, a substantial portion of current ig is diverted
by capacitor C3 from the base of transistor Q2. The result
is that the base current becomes insufficient to sustain
the collector current of transistor Q2. Therefore, the

positive feedback signal path causes transistor Q2 to turn-
20 off. Thus, the peak amplitude of current i, is determined
by the level of voltage Vg across capacitor C3.
During interval tjg-t;; of FIGURES S5a-5d,
capacitor C3 of FIGURE 1 is coupled via diode D2 to the

positive feedback signal path and charged by positive
25 current ig. Therefore, voltage V¢ of FIGURE 5b becomes
5 6

progressively larger.

In accordance with a further aspect of the
inventien, -voltage Vg that becomes progressively larger
causes the conduction interval during each cycle that

30 occurs in interval t,p-t;, of FIGURES Sa-5d to become

progressively longer. Consequently, the peak amplitudes
and the pulse widths of currents iy and i; of FIGURE 1

increase progressively.

During a corresponding nonconduction portion of
each cycle that occurs in interval tj;p-tj» of FIGURES 5a-

5d, capacitor C2 of FIGURE 1 is discharged via a diode D7

and resistor R2. The length of the nonconduction interval
of transistor Q2 in each cycle is determined by the time

35
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than that of positive current i;.

In accordance with an embodiment of an aspect of
5  the invention, the nonconduction interval becomes progressively longer
because capacitor C2 is charged to a progressively higher
voltage and also because the magnitude of current i,
becomes progressively smaller. Therefore, positive base
current will begin flowing in the base of transistor Q2

10 after progressively longer nonconduction intervals. The
result is that the switching frequency during the burst
mode interval will vary or decrease progressively.

At time t;, of FIGURE 5a current i, is zero.
Therefore, burst mode operation that occurred during

15 interval t;g5-t;; cannot continue and the long dead time
interval tj3-t;3 occurs in which no switching operation
happens. At time t;3, positive current i, is generated
again and a subsequent burst mode switching interval occurs
in transistors Ql and Q2.

20 During the burst mode interval t;g-t;» of FIGURE
5d, the length of the conduction interval in each cycle
increases progressively, as explained before. Such
operation may be referred to by the term soft start
operation. Because of the soft start operagion,

25 capacitors, for example, of SMPS 200 are charged or
discharged in a gradual manner.

In accordance with an embodiment of another aspect of the
inventien, voltage Vg of capacitor C3, by being lower than
during run mode operation, maintains the switching

30 frequency of transistors Q1 and Q2 of FIGURE 1 above the
audible range in SMPS 200 of FIGURE 1 throughout interval
t19-tiz2 of FIGURE 5a. As a result of the soft start
operation during standby and of the high switching
frequency dufing standby, noise produced by parasitic

35 mechanical vibrations in inductors and transformers of SMPS
200 of FIGURE 1 is, advantageously, substantially reduced.

The burst mode operation during intexval tjp-ti2
of FIGURE 5c¢ produces voltage V+ of FIGURE 1 at a



a duty cycle of said swtching nmeans (Ql).during said r Hwﬁﬁde~nf18p§j§£“"n
‘in acgoréance with said output supply voltage (B+) in awnéﬁ£L$Q@M@ %a K
manner. 5. A power supply according to Claim1 character e in that durfi
said run node of operation the switching cycles of said gw F Cﬂﬁ@ﬁs
(QLl) occur continuously and uninterrupted by dead tine i1tarva S. 6
power supply according to Claim1l charbfSterized by, nodu a—kﬁg‘ﬂﬁaﬂ *“TTZ,
C3) responsive to said output supply voltage (B+) and coupled to said

swi t chi ng rremx(wﬁerwrmwlseomedamm aspéhgaeslahﬂow BtB0comerat i on of

said sw tchi eration,i ative
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said run roddwste (ﬂmlﬁﬂ Ly theAepgmy coppiediclrorSMRg) 200 dsai m 6
maintained substantially lower, at about 6 watts, than

S during normal run mode operatioén.

To generate voltage V+ at the required 1evel for
operating remote control unit 333, a corresponding average
duty'cycle of transistors Q1 and Q2, that is,substantidlly
lower than during run mode, is required. The length of the
conduction interval in transistor Ql1, for example, should
be longer than the storage time of transistor Q1.
Accordingly, by operating in the burst mode; the conduction
interval of transistor Q1 in each cycle can be maintained
longer for obtaining the required lower average duty cycle
than if continuous switching operation had occurred during
standby. Such continuous switching operation in
transistors Q1 and Q2 occurs during normal run mode

operation without the occurrence of dead time intervals
~ such as interval t;p-t;3 of FIGURE 5d.

10

15

20 The SMPS has also a soft start-up feature, as will

now be explained with the aid of waveforms in FIGURES 6a-
6d. Similar symbols and numerals in FIGURES 1, 5a-5d and
6a-6d indicate similar items or functions. The start-up
mode is similar to the stand-by operation. When the power
supply is first’ turned on, capacitors C3 and C4 are
discharged and there is no forward bias on the base of

transistor Q2. Oscillation is initiated by feeding a small
portion-of rectified AC supply signal V, to the base of

25

transistor Q2. As illustrated by FIGURE 6d, the oscillator
30 duty cycle is initially very short, or the interval in each
cycle when transistor Q2 is nonconductive is long, because

winding W2 of transformer T2 is heavily loaded by the

discharged capacitor C4. The charge on capacitors C3 and

C4, and voltage B+ build up gradually over a period of
35 about 1Smsec, as shown in FIGURE 6c.

Normal operation
begins following this slow build up.

In case of a short circqit at output terminal 99
of FIGURE 1, for example, SMPS 200 goes into an



characterized in that said switching operation is control Qpen
"l oop manner with respect to variation of said output supp yRHﬂMCEMENf
during said standby node of operation. 20 8. A power
Claim6 characterized in that said nodul ati ng neans (T2) Qgglve t
g r ¥06ng
nal . (V5) in

said AC mai ns voltage and coupled to said first control

means (110) for pul se-width nodul ating slagd first contral

accordance with a waveform of said AC mains voltage to p OV|de a soft start
operation duri igteaeiteentoflo8é &péfatfor(RiiRS avelinddgrt

standby mode Ofst%cf %Er' %peration mode. For example, if capacitor €121 of

FIGURE 1 is short circuited, the increase in current iz
flowing through secondary winding Wg of transformer T1

S causes a higher negative bias to develoé across a resistor
R6 that is coupled to the emitter of transistor Q3. Base
current then flows into transistor Q3 through a diode DSS,
causing transistor Q3 to saturate and to clamp its
collector voltage V4 to ground. The consequent loading of

10 transformer T2 causes SMPS 200 to operate in the

intermittent burst mode as described for stand-by mode
operation.

The low voltage supply portibn of SMPS 200 that
produces voltage V+ may be arranged to operate as a forward
15 converter in case of, for example, high audio power
requirements. FIGURE 7 shows a modification of the circuit
of FIGURE 1 for obtaining forward converter operation. A
resistor Rx and a diode Dy of FIGURE 7 serve as an overload
protection, as explained later on. Similar symbols and
20 numerals in FIGURES 1 and 7 indicate similar items or
- functions. Should an overload occur when the modification
shown in FIGURE 7 is employed to provide the high power
audio supply, resistor Rx senses the excess current and
provides negative bias to the emitter of transistor Q3.
FIGURE 8 shows, in a table form, the variation of
voltage B+ caused by a corresponding variation in a beam
current flowing in an ultor electrode, not shown, of a
televiston receiver. Voltage B+ energizes the deflection
circuit output stage, not shown, for producing the ultor
30 voltage and the beam current. FIGURE 9 shows, in a table

form, a variation of voltage B+ caused by a variation of
mains supply voltage V.

25

For comparison purposes, row No. 1 in edch of the
tables of FIGURES 8 and 9 provides data obtained when a
35 . conventional prior art SMPS using an integrated circuit
TGA4601 control circuit and a pbwer transformer Orega No.
V4937700 is utilized. Row No. 2 in each of the tables of
FIGURES 8 and 9 provides data obtained when the unmodified



9. A power supply according to Claim@8 characterized in_that
‘means (Ql) operates in first and second switching statés EMLAGEHENTG“EEB
switching cycle and wherein a length -of an interval e

means (QLl) operates in one. of said states increases pno reSS|v§ \ ggr
correspondi ng periods of said AC mains voltage in accorjdgnc@ B

wavef orm of said AC mains voltage to prioyide said soft St@ft operations %
during said standby node of operation. 10. A power supply accordlng to i

daim8 char aghily e4d erdurbAl 531 dhSolled! s AU el QlehpunE— -eductTon
in parasitic nechanlcal noi se I n ggb %£ wer _supply duri sald standby node
C

of operation. Performanss. ofs HBFy & IRPRE Iois rﬂ“@eEﬂQFact erized by a
| oad (222) coupled to said output supply voltage that generates a | oad
current (i3), wherein said

i ng




fourth means (Q4, @B, ) is responsive to a magnitude of sai dnum | :
‘for controlling said switching operat ion in said burst node H Ilmnnlll l”“l

said magnitude of said |oad current is excessive. 12. A power”

according to Claim 11l characterized in that said nodul ating neans (T2 C3)
nmodul ates said first control signal (V5)1i#8n accordance with said waveform
‘of said AC mains voltage to provide said soft start operation when said

magni t ude of said | oad current REPLACENENT SHEET | 28DEC 1996 . z . 21
CLAIMS:

1. A switch mode power supply (200) of a
television apparatus for generating an output supply
voltage (B+) during both a standby-mode of operation and
during a run-mode of operation, comprising:

tnieans (100) for generating an input supply voltage
(th) from a source of AC mains voltage;

first means (110) for generating a periodic first
control signal (Vs);

switching second means (Ql) energized by said
input supply voltage (Vyr) and responsive to said first

control signal (Vg) for producing a switching current (i)

during both said standby-mode of operation and said run-
mode of operation;

third means (T1) responsive to said switching
current (i) for generating therefrom said output supply
voltage (B+);

a source (333) of a standby-mode/run—mode first
control signal; characterized by’

fourth means (Q4,03,02) coupled to said switching
means (Ql) and responsive to said standby-mode/run-mode
first control signal and to a second control signal (i;) at
a frequency that is determined by a frequency of said AC
mains voltage for controlling said switching means (Q1) in
a burst mode manner'during'said standby mode of operation,
such that during a burst interval a plurality of switching
cycles are performed, and during an alternating dead time
interval no switching cycles are performed, the two
intervals alternating at a frequency that is determined by
said frequency of said AC mains voltage. '

2. A power supply in accordance with Claim 1
characterized in that said switching means (Q1) .

‘continuously produces, in said run mode of operation,
pulses of said switching current (i,).

3. A power supply'according to Claim 1

characterized by, a load circuit (222) coupled to said
REPLACEMENT SHEET -




[err] is excessive, for providing an over-current prot ecuon”llﬂﬂ"ﬂ"l”Igullll :
-node power supply, conprising: nmeans for generating an input I L ALUULY
(VUR) froma source of AC mains voltage at a first frequency; ‘a £r ansf Or ner
(T2) having a first winding [err] coupled to said input supply voltage

(VUR); characterized by first switching pans (@) coupled to said first
winding [err] for generating a smﬁtchiné current (i2) therein, said first
switching neans (@) and said transforner (T2) form ng a regenerative

positive feedaghut! 3RRb1RAVBILAGE (B¥) ) reSponsaker t614R1dt §8andby-
oscillates contin ousL§P%§rlq g run-nnfe of pe&at|o§'3ge€ns é coupl ed
to said input "?&ﬁljlry“\/ q& ?§ rRFOARECT ¢ | VETOR 33U EBLPCTP LS {err]
of said load current (i3) therein that varies in accordance with
said standby-mode/run-mode first control signal and means
coupled to said load circuit (222) and responsive to at
least one of said output supply voltage (B+) and said load
current (i3) for generating a third control signal (Vq)
that is coupled to said third means (T1) for enabling said
burst mode operation when a level of said at least one of
said output supply voltage (B+) and load current (i3) is
outside a normal operation range.

4. A power supply according to Claim 3
" characterized in that said third control signal (V4) varies
a duty cycle of said switching means ini.dnring said run
mode of operation in accordance with said butput supply
voltage (B+) in a negative feedbéck manner.

5. A power supply according to Claim 1
characterized in that during said run mode of operation the
switching cycles of said switching means (Q1) occur
continuously and uninterrupted by dead time intervals.

6. A power supply accor&ing to Claim 1
characterized by, modulating.ﬁeans-(Tz,c3) responsive to
said output supply voltage (B+) and coupled to said
switchihg means (Q1) for pulsé-ﬁidth modulating said
switchiﬁg operation of said switching means (Q1) during
said run mode of operation in a negative feedback manner,

thereby regulating said output supply voltage (B+) during
said run mode of operation.

7. A power supply according to Claim 6
characterized in that said switching operation is
controlled in an open loop manner with respect to variation

of said output supply voltage (B+) durirg said standby mode
of operation. '
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output “Supply vol tage (Be) by & Switching operation cont ol F‘Sillltllﬂlllllﬂlll IIILIIIIIII
accordance with said output signal (V5) of said oscillator (110): ‘nehns"
(B, A) responsive to said output supply voltage (B+) and coupled to said

oscillator (110) for nodul ating said os@g@l ator output signal (V5) during
said run node of operation in a negative feedback nmanner, thereby

regulating sai d output supply voltage (B+) ; neans (4, B) responsive to
a' st andby- node/ run- nodé. c@ntgowerssgpaly(acour&ﬁﬁj to€ladmpbed to said

[l at 1 I I ald
g:g: |Hator Ellléaaéﬁc&%a ﬂgthae ol aaaafaef@ .Jle%gf &ng 4( D o)

g I n, a stanagid eratlon mea
responsi ve to ECSRPYPEIVE £ said A F‘@gﬁén 9ltage and rovplefnte $Addai d
first frequencgifst control signal generating means (110) for pulse-width

modulating said first control signal (Vs) in accordance
with a waveform of said AC mains voltage to provide a soft
start operation during each period of said AC mains voltage
that occurs in said standby mode of operation.

9. A power supply according to Claim 8
characterized in that said switching means (Ql) operates in
first and second switching states during a given switching
cycle and wherein a length of an interval when said
switching means (Q1) operates in one of said states
increases progressively during cor;esponding periods of
said AC mains voltage in accordance with a waveform of said
AC mains voltage to provide said soft .start operation
during said standby mode of operation.

10. A power supply acco:diﬁg to Claim 8
characterized in that said soft start operation causes a
reduction in parasitic mechanical noise in said power
supply during said standby mode of operation.

11. A power supply according to Claim 8
characterized by a load (222) coupled to said output snpply
voltage that generates a load current (i3), wherein sa‘,_id
fourth means (04,03,02) is responsiﬁe to a magnitude of
said load current for controiling sgid switching operation

in said burst mode maﬁper when said magnitude of said load
current is excessive. -

12. A power supply according to Claim 11
characterized in that said modulating means (T2,C3)
modulates said first control signal (Vg) in accordance with

said waveform of said AC mains voltage'to brovide said soft

start operat+oa;ahea—eaidrmuEFttude of said load current
REPLACEMENT SHEET ~ : ' ,
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initiating a burst node switching operation in said first s JBHILIIM!M%IJIH"I
. (@) that is repetitive at a frequency determned by said fi :
when.the continuous oscillations are disabl ed. 22 14. A power supply
according to Claim 13 characterized in that said nodul ati ng neans (@B, 4)
conprises a capacitor (C4) for generatiqg a control voltage (V4) in said
capacitor (C4) having a value that is indicative of a duty cycle of said
first swtching means (@) required for regulating said output supply
vol tage (B+), (gl hheexcessivel, ristulprovidingans éverteurxantpri ses second
swi t chi ng ”EaB§o£g§¥15ﬁ?t I s responsive to said

13. A switch mode power supply, comprising: _

means for generating an input supply voltage (Vyg)
from a source of AC mains voltage at a first frequency:

a transformer (T2) having a first winding (W;)
coupled to said input supply voltage (Vyg): characterized
by |

first switching means (Q2) coupled to said first
winding (W;) for generating a switching current (i,)
therein, said first switching means (Q2) and said .
transformer (T2) forming a regenerative positive feedback
signal path that forms an oscillator (110) that oscillates
continuously during a run-mode of operation;

means {(Q1) coupled to said input supply voltage
(Vyr) and responsive to an output -signal (Vg) of said
oscillator (110) for generating from said input supply
voltage (Vyp) an output supply voltage (B+) by a switching
operation controlled in accordance with said output signal
(Vs) of said oscillator (110); :

means (Q3,Q4) responsive to said output supply
voltage (B+) and coupled to said oscillator (110) for
modulating said oscillator output signal (Vs) during said
run mode of operation in a negative feedback manner,
thereby regulating said output supply voltage (B+) ;:;

means (Q4,03) responsive te,a'standby-mode/rén—
mode cdntrol signal (from 333) and coupled to said
oscillator {110) for disabling the continuous oscillations

in said oscillator (110), in a standby mode of operation;
and

means (D2,C3) responsive to a signal (iq) at a
frequency that is determined by said first frequency for
initiating a burst mode switching operation in said first
switching means (Q2) that is repetitive at a frequency
determined by said first frequeney when the continuous
.oscillations are disabled.
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swi t chi ng current .(i2) for coupling said capacitor (C4) to a Hm I!uillmmlwugllll
-(W2) to apply said control voltage (V4) in said capacitor

second-winding [err] during a flyback interval of a given smntchlng cycle

of said first switching neans (@), and neans () coupled to Said

capacitor (C4) and responsive to said stangby-node/ run-node control signa
(from 333) for controlling said control voltage (V4) in a manner that

di sabl es said regenerative positive feedback signal path during said

st andby node of operati ob4. 13 powexnsupplyphgcardingite Glai@ 4Bm 13

characterized 'Bhagﬂctéf‘igeﬂgﬂk‘ tﬁidé"%a’lﬁaﬂ%dﬁﬁt% ﬁ@éﬁ@p@s ggoupl ed

signal path between g term where said outg i voltage (B+)
i s devel oped an8°%RF s§§c%n‘éla%‘h’tﬁ (4 fox geneHat %s? (EQ?&F° dTypltage A
switch nmode powdVgkubpl saidrcapaaiteaxr (§4dnhaving a value that is

indicative of a duty cycle of said first switching means
(Q2) required for regulating said output supply voltage
(B+), and wherein said modulating means further comprises
second switching means (Q3) that is responsive to said
switching current (i,) for coupling said capacitor (C4) to
a second winding (W;) to apply said control voltage (V4) in
said capacitor (C4) to said second'winding (H3) during a
flyback interval of a given switching cycle of said first
switching means (Q2), and

means (Q4) coupled’ to Said capacitor (C4) and
responsive to said standby—mode/run—mode control signal
(from 333) for controlling said control voltage (V4) in a
manner that disables said regenerative positive feedback
signal path during said standby mode of operation.

15. A power supply according to Claim 13
‘characterized in that said modulating means (Q3,04) forms a
DC coupled signal path between a terminal (99) where said

output supply voltage (B+) is developed and said second
winding (W;) of said transformer (T2).

16. A switch mode power supply for generating an
output supply voltage (B+) during both a standhy-mode of
operati‘n and during a run-mode of operation, comprising.

: a means for generating an input supply voltage (Vyg)
from a source of AC mains voltage;

means (110) for generating a first control signal
(Vg) at a given frequency:; ' _

switching means (Ql) energized by said input
supply voltage (Vyr) and responsive to said first control
signal (Vg) for producing a switching current (i;) during

both said standby-mode of operation and said run-mode of
operation; ’
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out put supply vol tage. (B+) during both a standby-node of opedﬂl‘!ﬂﬂuﬂwum"l"l
‘during a run-node of operation, conprising; neans for generat RGN s W
supply voltage (VUR) froma source of AC mains voltage; neans (110) for

generating a first control signal [err] at a given frequency; swi t chi ng ’
means (QLl) energized by said input supppg voltage (VUR) and responsive to
said first control signal [err] for producing a swtching currﬁnt [err]
during both said standby-node of operation and said run-node of operation;
23 means [err] responsPeans o(ThiW¥s)sHaspomsdveutpeppid switching current

(i;) for generating therefrom said output supply voltage
(B+);

a source (333) of a standby-mode/run-mode control
signal; characterized by _

means (Q4,03,T2,C3) responsive to said standby-
mode/run-mode control signal for controlling said switching
means (Ql) in a burst mode manner during said standby mode
of operation, such that, during a burst interval, a
plurality of switching cycles are performed, and during an
alternating dead time interval, no switching cycles are
performed; and o <

means (DZ,R3,C2) coupléd to said switching ﬁzans
(Q1) for controlling a switching frequency in said .
switching means (Q1) dﬁring said standby-mode of operation,

such. that said switching freéuency of -said switching means
(Q1) varies within said burst interval.

17. A power supply in.éccordance with Claim 16
characterized in that during said standby mode of operation
said switching freqhency of said switching means (Ql) is a
function of a waveform of said input supply voltage.

18. A power supply according to Claim 16
characterized in that said switching frequency '
progressively decreases during éaid.burst_mode intervil.

= 19. A power supply according to Claim 18
characterized in that the on-time of said switching means
progressively increases during said bufst mode interval.

. 20. A power supply according to Claim 16
characaterized in that said frequency control medns

provides a soft start'operat;oh within said burst interval.

21, a switch_modé power supply, comprising:
a source of input 'supply voltage (Vyg);
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[err] for generating therefrom said output supply voltage (Bj]lmmmxmrﬂllll”“'
*(333) of a standby-node/run-node control signal; characteriz 4
(4, B, T2, C3) responsive to said standby- mode/ r un- node control S|gnal "fof

controlllng said switching neans (QLl) in a burst node manner during said
standby node of operation, such that, d@&4ng a burst interval, a plurality
of switching cycles are perforned and during an alternating dead tinme

Lo sald swtoning meands (CHPSGERER (Al | FAVASE duik Lt SAHARTM | sa
swi t chi ng nmeansc¥plied duw i sald dingust anpbly nvolttage of¥&rdvi on, such that said
swi tehi ng frequency of gajg wideehing EARS (Gd) JQUIRY W BaladRlfsblr st
winding (W;) for generating a switching signal (ij;) in said
transformer (T2) that is coupled back in a positive
feedback manner to said first switching means (Q2) to form
an oscillator (110) that oscillates continuously during a
run-mode of operation;
means coupled to said input supply voltage (Vygr)
and responsive to an oﬁtput signal (Vs) of said oscillator
(110) for generating from said input supply voltage (Vyr)

said output supply voltage (B+) by a switching operation
controlled in accordance with said oscillator .output signal
(Vg) ; characterized by . :

means (Q4,Q§,12) reéponei#e to seid outbut supply
voltage (B+) and coupled to-ééid oscillator (110) for
modulating said oscillator outéut'signel (Vs) during a run
mode of operation in a:negative feedback manner thereby
regulating said output..-supply voltage (B+);

means responsive to a standby-mode/run-mode
control signal (from 333) and coupled:to said oscillator
(110) for disabling iﬁ-a standby mode of operation the
continuous oscillations in said oscillator; _

means (D1,C2) responsive to.a signal at a first
frequency for initiating a burst. mode switching operation
in said first switching means (Ql) that is repetitive'at a
frequency determined by said first frequency when thé~
continﬁbus oscillations are disabled. Hiie

a capacitor (C3); and _

second switching means (D2) responsive to said
standby-mode/run-mode control signal for coupling said
capacitor (C3) to saidjpositive feedback signal path to
maintain a switching frequency of said first switching
means (Ql) above an audible range during said burst mode of
operation and for decoupling said capacitor (C3) from said
positive feedback signal path to prevent "said capacitor
from affecting the oscillation (110) frequency of said
oscillator during said run-mode of operation
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17. A power supply in accordance with O aim 16 characteri zedJllluumumm!"gm"l
'sai d standby node of operation said switching frequency of saiM Alan
nmeans (QLl) is a function of a waveform of said input supply voTtage. 18 A
power supply according to Caim16 characterized in that said sw tching
frequency progressively decreases duringSsaid burst node interval. - 19. A
power supply according to Caim 18 characterized in that the on-tine of

said switching nmeans progressively increases during said burst node

interval. .20. A power supply according to Caim 16 characaterized in that
sai d frequency control22rears powes dappdysattosddng ©palkdino2M thin said

Ibﬁ[)a E 'SELS{ ;at:g?tgécté@lz%cg Wy MG RS {RBY Y eotPTRA ' & ks P csa%%rc(i%o%f
(C3) gor discharging said capacitor (C3) during dead time
intervals when no burst mode switching operation occurs in

said standby mode of operation.

23. A power supply aécording to Claim 22
characterized in that said second switching means comprises
a diode (D2) that is coupled between a second winding (W3)

of said transformer and said capacitor.

24. A power supply according to Claim 23
characterized in that a current that charges said capacitor
(C3). via said diode (D2) deQelops a ﬁoltage'in said
capacitor (C3) that is rambiné in a first direction during
a given burst-mode interval énq wherein said resistor (R3)
causes said capacitor (C3) voltage to ramp in an opposite
direction during said dead time intervals.
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24 a transformer (T2) having a first winding (W) coupled to sald I nput
supply voltage (VR); first switching means (@) coupled to said first

wi nding [err] for generating a switching signal (i2) in said transfornmner
(T2) that is coupled back in a positive feedback manner to said first
swtching nmeans (@) to forman oscillator (110) that oscillates
continuously during a run-node of operation; neans c ] Lt
supply voltage (VUR) and responsive to aggcoutput sig 3 ﬂ&gééﬁwsﬁﬁlﬁ
oscillator (110) for generating from said i nput supp vol B CEVUR) spi d

out put- supply voltage (B+) by a switching operation controlled Th
accordance with said oscillator OUtFHEs§HA¥H?|

A SWITCH-MODE POWER SUPPLY WITH BURST MODE
STANDBY OPERATION

S In a switch mode ﬁower supply (200), a

first switching transistor (Q2) is coupled to a primary
winding (W;) of a transformer (T2) for generating pulses of

a switching current (iz). A secondary winding (W;) of the
transformer is coupled via a switching diode (D3) to a

10 capacitor (C4) of a control circuit for developing a
control signal (V4) in the capacitor (C4). The control

signal (V4) is applied to a mains coupled chopper second

transistor (Qi) for generating and regulating supply
voltages in accordance with pulse. width modulation of the
15 control signal (V4). During standby operation, the first
(Q2) and second (Q1) transiéﬁors operate in a burst mode
that is repetitive at a frequéncy of the AC mains supply
voltage such as S50Hz. In the burst mode operation, during
intervals in which pulses of the éwitching current occur,
20 the pulse width and peak amplitude of the switching current
pulses progressively increase in accordance with the
waveform of the mains supply vbltage to provide a soft

start operation in the standby mode of operation within
each burst group.
25

FIGURE 1
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(V5); characterized by neans (4, @, T2) responsive to said output supply
"vol tage (B+) and coupled to said oscillator (110) for nodul ating said
oscillator output'signal (V5) during a run node of operation in a negative
f eedback manner thereby regul ating said output supply voltage (B+); neans
responsive to a standby-node/ run-node control signal (from 333) and coupl ed
to said oscillator (110) for disabli r]g/ ﬁn a standby node of operation the
continuous oscillations in said oscillator; means (D1, C2) responsive. to. a
signal. at a first frequency for initiating a burst. node sw tching
operation in said first swtching means (Ql) that is repetitive at a
frequency determ ned by said first frequency when the conti nuous
oscillations are disabled; a capacitor (C3); and
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second sw tching neans (D2)
“control signa
si gnal

responsi ve to said standby-node/run-node

for coupling said capacitor (C3) to said positive feedback
path to maintain a switching frequency of said first sw tching neans

(QL) above an audi ble range during said burst node of operation and for

decoupling said capacitor (C3) fromsaid positive feedback signa
prevent said capacitor fronyaffecthu;Zﬁ
said oscillator during said run-node of operation.
according to Claim21 characterized by,

path to
ﬁ oscillation (110) frequency of

25 22. A power supply
a resistor (R3) coupled to said

capacitor (C3) for dischargi.ng said capacitor (C3) during dead tine
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i nterval s when no burst node sw tching operation occurs in said standby
‘nmode of operation. 23. A power supply according to Caim 22 characterized
in that said second switching nmeans conprises a diode (D2) that is coupled
bet ween a second wi nding (W) of said transformer and sai d capacitor. 24.
A power supply according to Caim 23 3? acterized in that a current that
charges said capacitor (C3) via said dfode (D2) develops a voltage in said
capacitor (C3) that is ranping in a first direction during a given
burst-node interval and wherein said resistor (R3) causes said capacitor
(C3) voltage to ranp in an opposite direction during said dead tine
I nterval s. REPLACEMENT SH???
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FIG. 8
MAINS  BEAM B+
VOLTAGE CURRENT VOLTAGE CIRCUIT
ROW # [V] [mA] [V] AV[mV] TYPE
0.8 139.8
. PRIOR
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e 405 ART
. 220 0.8 05 s SMPSOF
0 140.7 FIG. 1
FIG. 9
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rows  [VIVac T [mA] V] avimv] TYPE
1 180 s 139.1 .« PROR
250 140.5 ART
2 Y M4 o1 swesoF
250 140.5 FIG. 1

BT N

REPLACEMENT SHEET |

28DEC 1996 |

o




W | SEARCH REPORT |Apelication No. 9607964—5

[TEXT OF THE ABSTRACT

A SWITCH MODE POWER SUPPLY WITH BURST MODE
STANDBY OPERATION

In a switch mode power supply (200), a first éwitching transistor (Q2) is coupled to a primary
winding (W) of a transformer (T2) for generating pulses of a switching current (i;). A

- secondary winding (W) of the transformer (T2) is coupled via a switching diode (D3) to a

capacitor (C4) of a control circuit for developing a control signal (V,) in the capacitor (C4).
The control signal (V4) is applied to a mains coupled chopper second transistor (Q1) for
generating and regulating supply voltages in accordance with pulse width modulation of the

- control signal (V4). During standby operation, the first (Q2) and second (Ql) transistors

operate in a burst mode that is repetitive at a frequency of the AC mains supply voltage such
as S0Hz. In the burst mode operation, during intervals in which pulses of the switching current
occur, the pulse width and peak amplitude of the switching current pulses progressively

increase in accordance with the waveform of the mains supply voltage to provide a soft start

operation in the standby mode of operation within each burst group.

Fig. 1
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