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(57) ABSTRACT 
A pWrn controller 10 Which includes a Vcc node (pin 6); a 
start-up current source 180 connected to the Vcc node; and 
a driver circuit 150, 190 also connected to the Vcc node, 
Wherein the pWrn controller 10 is arranged to operate in a 
?rst phase in Which the start-up current source supplies 180 
current to the Vcc node but the driver circuit is turned off; 
a second phase in Which the driver circuit 150,190 is enabled 
and draWs current from the Vcc node; and a third phase in 
Which both the start-up current source 180 and the driver 
circuit 150,190 are turned off Whereby very little current 
may be drawn from the Vcc node (pin 6) during the third 
phase. 
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CIRCUIT AND METHOD FOR A PULSE WIDTH 
MODULATED 

FIELD OF THE INVENTION 

[0001] This invention relates to a pulse-Width modulated 
controller, and particularly for such a controller When used 
to control a sWitched-mode poWer supply. 

BACKGROUND OF THE INVENTION 

[0002] SWitched-Mode PoWer Supplies (SMPS) are being 
increasingly used in many domestic and industrial applica 
tions. In applications such as television or computer monitor, 
the application may require a number of states or modes of 
operation. A ?rst ‘off’ mode occurs When there is no poWer 
supplied to a device (or When a master sWitch is off); a 
second ‘on’ mode occurs When the device is sWitched on an 
operating normally; and a third mode (referred to as a 
standby mode) occurs When the device is to remain poWered, 
but With reduced functions and reduced poWer consumption. 
A standby mode may be encountered in a television via an 
‘off’ sWitch of a remote control, Which typically does not 
sWitch the television fully off, but alloWs certain circuitry 
Within the television to remain poWered, so that if the ‘on’ 
button of the remote control is pressed, the television Will 
return to the ‘on’ mode. 

[0003] There is a need to reduce the poWer consumed by 
the SMPS during standby mode, so that use of mains 
electricity is reduced. At present there is a goal to reduce the 
poWer consumption to a value of the order of 1 Watt. 

[0004] Burst mode SMPS are knoWn, Which have an 
ef?cient poWer consumption in standby mode. HoWever, 
there is a problem With SMPS operating in a burst mode 
Which is that the periodicity of the bursts (or the frequency 
of bursting) Will typically lie Within the audible frequency 
range. This tends to generate audible noise for reasons Which 
are not Well understood and are certainly not predictable in 
advance of a ?nished prototype. Altering the frequency of 
bursting can help to reduce the noise as can altering the peak 
current generated by the SMPS during each burst (note this 
may be achieved if the frequency of bursting—or at any rate 
the duty rate of bursting—is increased Without reducing the 
averaged poWer supplied to the microprocessor on the 
secondary side of the SMPS). Typically, hoWever, there is no 
Way to alter the frequency of bursting meaning that design 
ers must simply hope that the ?nished product is not too 
noisy in standby mode. 

[0005] This invention seeks to provide a PWM controller 
Which mitigates the above mentioned disadvantages. 

SUMMARY OF THE INVENTION 

[0006] According to the present invention there is pro 
vided a PWM controller according to claim 1. 

[0007] The advantage of such a controller having a third 
phase of operation (Which may also be referred to as a 
latched-off phase) is that the duty cycle and the frequency of 
bursting during a standby-mode of operation may be greatly 
reduced Without having to especially adapt the rate at Which 
the start-up current source provides current to the Vcc node 
during the ?rst phase (often referred to as a start-up phase), 
because the latched-off phase can be made relatively long 
compared to either of the other phases (When in standby 
mode). 
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[0008] Preferably, the pWm controller includes a third 
mode duration controller for controlling the duration of the 
third mode. The advantage of this is that the frequency of 
bursting may be varied to accommodate different circum 
stances. For example, there are tWo major reasons that the 
pWm controller could enter into a bursting mode of opera 
tion. The ?rst is When there is a fault condition such as the 
secondary side demanding too much power (ie more than 
the SMPS is designed to deliver) probably as a result of a 
short circuit in the device being supplied by the secondary 
side. In this situation, it is desirable that the bursting 
frequency should be as loW as possible, and since this 
condition represents an undesired state of affairs, there is no 
harm in any audible noise generated by the SMPS since it is 
desirable that this fault should be corrected rather than 
tolerated. The second reason for the pWm controller to enter 
a bursting mode of operation is When the SMPS is in a 
standby mode. In this mode, the most important consider 
ation is the amount of audible noise Which is generated by 
the SMPS as a Whole as a result of any mechanical reso 
nance in the transformer or other parts of the SMPS. Having 
a third mode duration controller Which is able to vary the 
bursting frequency during standby mode compared to a fault 
condition, permits a standby bursting frequency to be used 
Which Will cause the least possible audible noise. 

[0009] Preferably, the pWm controller includes a Vcc 
detector connected to the Vcc node for detecting the voltage 
at the Vcc node, Wherein the third phase is commenced When 
the detected voltage at the Vcc node falls beloW a ?rst under 
voltage level and is ended When the detected voltage at the 
Vcc node falls beloW a second under voltage level. This 
provides a very simple Way to determine When the pWm 
controller should be in a third or latched-off phase. 

[0010] Preferably, the third phase duration controller is 
operable to vary one or more of the ?st and second under 
voltage levels and the rate at Which the voltage at the Vcc 
node falls from the ?rst to the second level. This provides a 
straightforWard Way to vary the duration of the third or 
latched-off phase. 

[0011] Preferably, the third phase duration controller 
includes a third phase current controller for controling the 
amount of current draWn by the pWm controller from the 
Vcc node during the third phase. Preferably, the third phase 
current controller includes a programming node to Which an 
external programming resistor may be connected (betWeen 
the programming node and ground), such that the rate at 
Which current draWn by the pWm controller from the Vcc 
node may be set by choosing an appropriate programming 
resistor (the rate Will vary in an inverse dependence to the 
value of the programming resistor). This provides a particu 
larly convenient Way for a designer using the pWm controller 
to alter the frequency of bursting during standby mode to 
minimise audible noise, since resistors are cheap and there 
are many different magnitudes of resistance available (cor 
responding to many different frequencies of bursting). 

[0012] Preferably, the pWm controller further includes a 
sWitch Which is sWitchable betWeen a ?rst position in Which 
the programming node is connected to a ?rst voltage source 
Which is ultimately poWered from the Vcc node and a second 
position in Which the programming node is isolated or is 
connected to a second voltage source Which is ultimately 
poWered from the Vcc node but Which causes less current to 
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be draWn from the Vcc node, for a given programming 
resistor, than When the sWitch is in its ?rst position. In this 
Way, the frequency of bursting may be varied betWeen a ?rst 
frequency When in standby mode (When the sWitch is in its 
?rst position) and a second (usually lower) frequency When 
in a fault mode. 

BRIEF DESCRIPTION OF THE DRAWING(S) 

[0013] An exemplary embodiment of the invention Will 
noW be described With reference to the draWing in Which: 

[0014] FIG. 1 shoWs a sWitched-mode poWer supply 
incorporating a pWm controller in accordance With the 
invention; 
[0015] FIG. 2 shoWs a block diagram of the pWm con 
troller forming part of the sWitched-mode poWer supply of 
FIG. 1; 

[0016] FIG. 3 shoWs a graph illustrating operating phases 
of the control circuit of FIG. 2; 

[0017] FIG. 4 shoWs an illustrative block diagram of a 
third phase duration controller forming part of the pWm 
controller of FIG. 2; and 

[0018] FIG. 5 is an illustrative block diagram of a latch 
arrangement for distinguishing betWeen a standby mode and 
a fault mode. 

DETAILED DESCRIPTION OF A PREFERRED 
EMBODIMENT 

[0019] Referring to FIG. 1, there is shoWn a sWitched 
mode poWer supply arrangement (SMPS) 5, as might be 
found in a domestic appliance requiring a high-voltage 
supply, such as a television. Atypical domestic appliance of 
this nature may include the feature of a standby mode of 
operation, Whereby the appliance remains sWitched on, but 
With reduced functionality and reduced poWer consumption. 
The SMPS arrangement 5 includes a pWm controller 10, a 
mains supply arrangement 20, a transformer arrangement 30 
and a microprocessor and regulation arrangement 40. 

[0020] The pWm controller or control circuit 10, Which 
Will be further described With reference to FIG. 2 beloW, is 
integrated as a semiconductor package having 8 connection 
pins. 
[0021] The mains supply arrangement comprises a ?lter 
21, a diode bridge 22 and a bulk capacitor 23 arranged to 
provide a recti?ed signal to a node 25. A further node 26 
provides a signal directly from the ?lter 21 to pin 8 of the 
control circuit 10, via a diode 27. 

[0022] The transformer arrangement 30 has a magnetic 
core 31, a primary Winding 32 and an auXiliary Winding 33 
arranged on one side of the core. The primary Winding 32 
has one node coupled to the node 25, and a further node 
coupled to a clamping transistor 18 to be further described 
beloW. The auXiliary Winding has one node coupled to 
ground and a further node coupled to pins 1 and 6 of control 
circuit 10 via a resistor 14, and diode 15 With capacitor 16 
respectively. A high-voltage secondary Winding 35 and 
loW-voltage secondary Windings 36a, b, c and d are arranged 
on the other side of the core. The high voltage Winding 35 
is arranged to provide a high voltage supply (~100V) to 
appropriate high voltage components of the appliance (not 
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shoWn) during normal mode of operation. The loW voltage 
Windings 36a, b, c and d are arranged to provide loW voltage 
supplies (~10V) to various loW voltage components of the 
appliance. Secondary Winding 36a' is coupled to provide a 
loW voltage supply for the microprocessor and regulation 
arrangement 40, Which is also for regulation purposes, to be 
further described beloW. 

[0023] When the control circuit 10 decides that regulation 
is necessary, a signal from pin 5 of the circuit 10 turns on a 
clamping transistor 18, Which clamps both nodes of the 
primary Winding 32 to the node 25, via a clamping netWork 
of diode 19 and resistor 34. In this Way the clamping 
transistor 18 acts as a poWer sWitch. 

[0024] The microprocessor and regulation arrangement 40 
has a microprocessor 45 arranged to control the management 
of the standby mode (and normal mode) of operation of he 
SMPS, in addition to other functions (not shoWn). When the 
poWer supplied to the secondary side of the transformer 
arrangement 30 has reached the desired level, regulation is 
achieved via an optocoupler arrangement in series With a 
regulating diode 47. 

[0025] The breakdoWn voltage of the regulating diode 47 
is adjustable via a potential divider circuit of resistor 41 and 
output level variable resistor 42, coupled to the output of the 
high voltage Winding 35. In this Way the regulating diode 
conducts a current according to the voltage obtained by the 
resistor divider arrangement of resistor 41 and output level 
variable resistor 42. This current ?oWs through a Light 
Emitting Diode (LED) 46 of the optocoupler arrangement, 
inducing a signal in a photovoltaic cell 17 thereof. The 
photovoltaic cell is coupled betWeen the storage capacitor 16 
and pin 3 of the PWM control circuit 10. 

[0026] When the appliance sWitches to standby mode, the 
high voltage components of the appliance no longer require 
poWer. The microprocessor 45 recon?gures the secondary 
Windings of the transformer arrangement 30 by turning on a 
transistor 37 Which effectively clamps the high voltage 
Winding 35 to a recti?ed voltage of the secondary Winding 
36d via the diode arrangement 37. The microprocessor also 
turns on a transistor 49, Which effectively inserts a second 
Zener diode 48 into the path of the LED 46, thus providing 
a means of regulation in standby mode. 

[0027] Referring noW also to FIG. 2, there is shoWn a 
block diagram of the control circuit 10. Essentially, three 
control pins, pins 1, 2 and 3 provide inputs for all of the 
required variable signals used to control the SMPS. Pin 1 
accommodates a Zero current detection input and a negative 
voltage clamp. Pin 2 combines overcurrent protection With 
a standby peak current limit value. Pin 3 combines the 
current sense voltage (regulation) input With standby regu 
lation. 

[0028] The remaining pins provide supply and output 
connections: Pin 4 is coupled to ground, pin 5 drives the 
poWer sWitch arrangement of clamping transistor 18, pin 6 
is coupled to the auXiliary Winding 33 via the bulk capacitor 
16 (Vcc), and pin 8 is coupled to node 26 of the mains 
supply arrangement 20. 

[0029] Regulation is provided in the folloWing Way. The 
control block 130 is coupled to receive a regulation signal 
from pin 3. This is used to inform the drive control block 
150, via the PWM control block 140, of the desired duty 
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cycle of the output, Which is then used to drive the output 
buffer 190 accordingly to control the poWer sWitch arrange 
ment of clamping transistor 18. The drive control block 150 
and the output buffer 190 together form a drive circuit 
150,190 Which together draW the majority of poWer required 
by the pWm controller 10 When in its second or sWitching 
phase. 
[0030] Standby mode and normal mode are detected by 
the standby management block, Which takes inputs from the 
demagnetisation block 110 (pin 1), the current sense block 
120 (pin 2), and from the control block 130 (pin 3 via the 
drive control block 150). The mode detection is to be further 
described beloW With reference to FIG. 4. 

[0031] When standby mode commences, the microproces 
sor 45 recon?gures the secondary side of the transformer 
arrangement 30 as described above. Due to the recon?gu 
ration of the transformer arrangement 30 the regulation 
signal VpWm Will effectively regulate the high-voltage 
Winding 35 to a voltage level in the order of 10V. The 
voltages of all of the secondary Windings Will be reduced, 
Which in turn causes the current developed in the auXiliary 
Winding 33 to drop beloW that required to maintain poWer to 
the control circuit 10. At this time poWer is drained from the 
bulk capacitor 16 Which causes Vcc to fall sloWly. 

[0032] Referring noW also to FIG. 3, there is shoWn a 
graph illustrating three operating phases of the control 
circuit 10, in terms of the behaviour of Vcc during standby 
mode. 

[0033] In a ?rst phase (so-called startup phase) 215, insuf 
?cient current is provided by the auXiliary Winding 33 to 
poWer the control circuit 10. leading to Vcc being beloW a 
second undervoltage level 260, to be further described 
beloW (for eXample When the arrangement is turned on, or 
in standby mode as described in the preceding paragraph). 
During this ?rst phase 210, the start-up current source 180 
draWs current directly from the ?lter 21 via the node 26 and 
diode 27, and supplies the current to the storage capacitor 16 
Which causes Vcc to rise steadily during this phase (line 210) 
until Vcc reaches a start-up threshold 240 (determined and 
detected Within the Vcc management block 170). 

[0034] In a second phase (so-called Working phase) 225, 
the PWM control circuit 10 operates normally, draWing 
current from Vcc. (if the arrangement is in normal mode, 
Vcc Would stay at or above the ?rst undervoltage level 250, 
and the circuit 10 Would continue operating normally). In 
standby mode, Vcc drops due to the insuf?cient current 
developed from the auXiliary Winding 33 (line 220), until 
Vcc reaches a ?rst under-voltage level 250. 

[0035] In a third phase (so-called latched-off phase) 235, 
the control circuit 10 is sWitched off, as is the startup current 
source 120. Thus in this third phase, very little current is 
draWn from Vcc, and Vcc therefore falls only very sloWly, 
until it reaches a second under-voltage level 260, Whereupon 
the startup current source is again turned on, reverting again 
to the ?rst phase 215. 

[0036] Referring noW also to FIG. 4, there is shoWn a third 
phase duration controller (Which in this case comprises 
solely a third phase current controller) including a ?rst 
voltage source 305 (Which is ultimately poWered from the 
Vcc node (pin 6) a standby versus fault sWitch 310, a 
standby versus fault and latched-off versus start-up or 
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sWitching phase logic gate 320, programming resistor 330, 
programming node 340 (Which corresponds to pin 3) and 
sWitching phase sWitch 350. The standby versus fault sWitch 
310 acts to connect the ?rst voltage source 305 to the 
programming node 340 When it is in its ?rst on position and 
to isolate the programming node 340 from the ?rst voltage 
source 305 When it is in its second position. The position of 
the sWitch 310 is determined by logic gate 320 Which acts to 
sWitch sWitch 310 into its ?rst position only When the pWm 
controller 10 is in its third or latched off phase AND the 
SMPS as a Whole is in a standby mode rather than a fault 
mode. The Way in Which this is detected by the pWm 
controller is described in greater detail beloW. Programming 
resistor 330 is connected betWeen the programming node 
340 and ground and acts to draW a programmable amount of 
current from the voltage source 305 (and thus ultimately 
from Vcc node—pin 6) When sWitch 310 is in its ?rst 
position. Finally, sWitching phase sWitch 350 simply acts to 
disconnect pin 3 from regulation control means Within the 
pWm controller 10 When the pWm controller is not in a 
sWitching or second phase such that pin 3 can be used for 
different functions during different phases. 

[0037] Referring noW also to FIG. 5, there is shoWn a 
latch arrangement 400 forming part of the standby block, 
and having ?rst and second latches 410 and 440 respectively, 
and ?rst and second AND gates 420 and 430 respectively. 

[0038] The ?rst latch 410 is set by an over-current signal 
derived from the Current sense block 120 and the drive 
control block 150, and reset by a regulation signal (VpWm) 
derived from the control block 130 and the PWM control 
block 140. 

[0039] The value of the ?rst latch 410 is clocked to the ?rst 
AND gate 420, Which also receives a start-up phase signal, 
to be further described beloW. 

[0040] The inverted value of the ?rst latch 410 is clocked 
to the second AND gate 430, Which also receives a latched 
off phase signal, to be further described beloW. 

[0041] The second latch 440 is set by an output of the 
second AND gate 430, and reset by an output of the ?rst 
AND gate 420. 

[0042] The determination of standby mode is performed in 
the folloWing Way. A latched-off phase 235 Will occur if Vcc 
decays beloW the ?rst under-voltage level 250, Which is 
caused by insuf?cient poWer developed in the auXiliary 
Winding 33. There are tWo possible reasons for this: 

[0043] a) An over-current condition has occurred, caus 
ing the controller 10 to effectively sWitch off the SMPS. 

[0044] b) Standby mode has been entered by the micro 
processor 45 as described above. 

[0045] In the latter case, a regulation signal Will have been 
received during the Working phase 225, due to the eXcess 
voltage present at the moment of recon?guration. Therefore 
the ?rst latch 410 Will have a loW value, its inverted output 
Will be high, as Will the tWo inputs to the second AND gate 
430, resulting in the second latch 440 being set, thus 
indicating standby mode. 

[0046] Similarly the determination of normal mode is 
performed in the folloWing Way. Assuming that the PWM 
control circuit 10 is already in standby mode, an additional 
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current source (not shown) is switched on, effectively reduc 
ing the voltage threshold level of a comparator (not shoWn). 
Therefore When the microprocessor 45 decides to reenter 
normal mode, and recon?gures the secondary Windings 
accordingly, a large amount of current Will be demanded 
during the start-up phase. This Will lead to an over-current 
protection signal, With no regulation. In this Way the ?rst 
latch 410 Will be latched With a high value, and consequently 
the output of the ?rst AND gate 420 Will be high (as a startup 
phase signal Will also be present). This leads to the second 
latch 440 being reset, effectively cancelling the standby 
mode Within the PWM control circuit 10, and returning to 
normal mode. 

[0047] It Will be appreciated that alternative embodiments 
to the one described above are possible. For eXample, the 
precise arrangement of the SMPS may differ from that 
described above, Whilst still alloWing the PWM control 
circuit 10 to operate substantially as described above. 

[0048] Furthermore, the latch arrangement 400 may be 
replaced by an alternative logic arrangement implementing 
substantially the same function. 

1. A pWm controller including a Vcc node; a strt-up 
current source connected to the Vcc node; and a driver 
circuit also connected to the Vcc node, Wherein the pWm 
controller is arranged to operate in a ?rst phase in Which the 
start-up current source supplies current to the Vcc node but 
the driver circuit is turned off; a second phase in Which the 
driver circuit is enabled and draWs current from the Vcc 
node; and a third phase in Which both the start-up current 
source and the driver circuit are turned off Whereby very 
little current may be draWn from the Vcc node during the 
third phase. 

2. A pWm controller as claimed in claim 1 Wherein the 
pWm controller includes a third phase duration controller for 
controlling the duration of the third phase. 
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3. ApWm controller as claimed in claim either one of the 
preceding claims, Wherein the pWm controller includes a 
Vcc detector connected to the Vcc node for detecting the 
voltage at the Vcc node, Wherein the third phase is com 
menced When the detected voltage at the Vcc node falls 
beloW a ?rst under voltage level and is ended When the 
detected voltage at the Vcc node falls beloW a second under 
voltage level. 

4. A pWm controller as claimed in claim 3 When depen 
dent on claim 2 Wherein the third phase duration controller 
is operable to vary one or more of the ?st and second under 
voltage levels and the rate at Which the voltage at the Vcc 
node falls from the ?rst to the second level. 

5. ApWm controller as claimed in claim 2 or either one of 
claim 3 or 4 When dependent on claim 2, Wherein the third 
phase duration controller includes a third phase current 
controller for controling the amount of current draWn by the 
pWm controller from the Vcc node during the third phase. 

6. A pWm controller as claimed in claim 5 Wherein the 
third phase current controller includes a programming node 
to Which an external programming resistor may be con 
nected (betWeen the programming node and ground), such 
that the rate at Which current draWn by the pWm controller 
from the Vcc node may be set by choosing an appropriate 
programming resistor. 

7. A pWm controller as claimed in claim 6 Wherein the 
pWm controller further includes a sWitch Which is sWitchable 
betWeen a ?rst position in Which the programming node is 
connected to a ?rst voltage source Which is ultimately 
poWered from the Vcc node and a second position in Which 
the programming node is isolated or is connected to a second 
voltage source Which is ultimately poWered from the Vcc 
node but Which causes less current to be draWn from the Vcc 
node, for a given programming resistor, than When the 
sWitch is in its ?rst position. 

* * * * * 


