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(54) Load-selective input voltage sensor

(57) A power converter controller includes a switch
driver circuit coupled to generate a drive signal to control
switching of a power switch to control a transfer of energy
from an input of the power converter to an output of the
power converter. An input sense circuit is coupled to re-
ceive an input sense signal representative of the input of
a power converter. A sense enable circuit is coupled to
receive the drive signal to generate a sense enable signal

to control the input sense circuit in response to the drive
signal. The sense enable signal is coupled to control the
input sense circuit to sense the input sense signal con-
tinuously in response to a first load condition, and sense
the input sense signal only during a fraction of a switching
period of the power switch in response to a second load
condition.
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Description

BACKGROUND INFORMATION

Field of the Disclosure

[0001] The present invention is related to power con-
verters. More specifically, the present invention is related
to power converters that operate with high efficiency at
light loads.

Background

[0002] Controllers for off-line power converters often
must measure the input voltage to perform functions such
as under-voltage detection and over-voltage protection.
Off-line power converters typically receive an input volt-
age that is greater than 100 volts ac. Since the ac voltage
varies periodically between a peak positive value and a
peak negative value at the frequency of the power line,
the ac line voltage is typically represented numerically
as a root mean square (rms) value of a sine wave. The
rms value of the ac voltage is the magnitude of the peak
voltage divided by the square root of two. For example,
in the United States the common household voltage is
120 volts ac with a peak value of 169.7 volts. In many
other parts of the world, the common household voltage
is 240 volts ac with a peak value of 339.4 volts. The ac
rms voltage is equivalent to a dc voltage of the same
numeric value when both are applied to the same resis-
tive load such as an incandescent lamp. Transient dis-
turbances and faults on the power line can momentarily
raise the voltage to substantially higher values.
[0003] Off-line power converters typically rectify the ac
input voltage to obtain an unregulated dc input voltage
that is then converted to a lower regulated dc voltage.
The maximum value of the unregulated dc input voltage
is approximately the peak value of the ac input voltage.
Semiconductor components in the power converter may
need to withstand voltages that are substantially greater
than the peak of the ac input voltage when the converter
is operating. Therefore, it is necessary for controllers of
power converters to measure the input voltage so that
the components may be protected from damage due to
excessively high voltage. A controller may halt operation
of the converter to prevent damage when the input volt-
age goes higher than a threshold value.
[0004] Circuits that measure an input voltage typically
do so by using a potential divider across the input to pro-
vide a known fraction of the input voltage that is low
enough for the measurement circuit to handle. In order
to reduce power consumption, the components of the
divider are selected to take no more current from the
input than necessary. To reduce power consumption fur-
ther and to reduce the number of components, a current
that represents the input voltage can be used instead of
a potential divider. However, the current needs to be large
enough to guarantee a reliable measurement in the pres-

ence of noise. The power taken from the source of input
voltage is proportional to the product of the voltage and
the current. Since the peak value of the ac input may be
hundreds of volts, even the smallest current acceptable
for reliable measurement can still result in a significant
loss of power, especially when the power converter has
a light load or no load. Power converters need a controller
that can sense the input voltage reliably with low power
consumption.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] Non-limiting and non-exhaustive embodiments
of the present invention are described with reference to
the following figures, wherein like reference numerals re-
fer to like parts throughout the various views unless oth-
erwise specified.

FIG. 1 is a schematic diagram of an example power
converter including a controller that senses an input
voltage in accordance with the teachings of the
present invention.
FIG. 2 is a functional block diagram of an example
power converter controller illustrating elements of a
load-selective input voltage sensor in accordance
with the teachings of the present invention.
FIG. 3 is a timing diagram showing example wave-
forms that illustrate the operation of the example
load-selective input voltage sensor shown in FIG. 2
in accordance with the teachings of the present in-
vention.
FIG. 4 is a graph showing an example relationship
between the length of time that the input voltage is
not being sensed and the length of time that the pow-
er switch is off in the example power converter of
FIG. 1 in accordance with the teachings of the
present invention.
FIG. 5 is a functional block diagram of an example
power converter controller illustrating elements of an
alternative input voltage sensor in accordance with
the teachings of the present invention.
FIG. 6 is a functional block diagram of an example
power converter controller illustrating elements of
another alternative input voltage sensor in accord-
ance with the teachings of the present invention.
FIG. 7 is a flow diagram that illustrates an example
process for sensing an input voltage in accordance
with teachings of the present invention.
FIG. 8 is a schematic diagram of an example power
converter including a controller that senses a switch-
ing voltage representative of a dc input voltage in
addition to sensing an ac input voltage in accordance
with the teachings of the present invention.
FIG. 9 is a schematic diagram of an example power
converter controller illustrating elements of an input
voltage sensor that includes an optional element to
discharge stray capacitance in accordance with the
teachings of the present invention.
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[0006] Corresponding reference characters indicate
corresponding components throughout the several views
of the drawings. Skilled artisans will appreciate that ele-
ments in the figures are illustrated for simplicity and clarity
and have not necessarily been drawn to scale. For ex-
ample, the dimensions of some of the elements in the
figures may be exaggerated relative to other elements
to help to improve understanding of various embodi-
ments of the present invention. Also, common but well-
understood elements that are useful or necessary in a
commercially feasible embodiment are often not depict-
ed in order to facilitate a less obstructed view of these
various embodiments of the present invention.

DETAILED DESCRIPTION

[0007] In the following description, numerous specific
details are set forth in order to provide a thorough under-
standing of the present invention. It will be apparent, how-
ever, to one having ordinary skill in the art that the specific
detail need not be employed to practice the present in-
vention. In other instances, well-known materials or
methods have not been described in detail in order to
avoid obscuring the present invention.
[0008] Reference throughout this specification to "one
embodiment", "an embodiment", "one example" or "an
example" means that a particular feature, structure or
characteristic described in connection with the embodi-
ment or example is included in at least one embodiment
of the present invention. Thus, appearances of the phras-
es "in one embodiment", "in an embodiment", "one ex-
ample" or "an example" in various places throughout this
specification are not necessarily all referring to the same
embodiment or example. Furthermore, the particular fea-
tures, structures or characteristics may be combined in
any suitable combinations and/or subcombinations in
one or more embodiments or examples. Particular fea-
tures, structures or characteristics may be included in an
integrated circuit, an electronic circuit, a combinational
logic circuit, or other suitable components that provide
the described functionality. In addition, it is appreciated
that the figures provided herewith are for explanation pur-
poses to persons ordinarily skilled in the art and that the
drawings are not necessarily drawn to scale.
[0009] The schematic diagram of FIG. 1 shows the sa-
lient features of one example of an ac-dc power converter
100 (ac input, dc output) receiving an ac input voltage
VAC 102 that has a substantially sinusoidal waveform
with a period TL. The ac line period TL is the reciprocal
of the ac line frequency. The standard ac line frequency
is nominally either 50 hertz or 60 hertz, depending on the
country and location of the power system. Power con-
verters designed for worldwide operation typically accept
ac line frequencies between 47 hertz and 63 hertz, cor-
responding to ac line periods between approximately 21
milliseconds and 16 milliseconds, respectively. A con-
troller 142 in the example power converter of FIG. 1 in-
cludes an input voltage sensor in accordance with the

teaching of the present invention. The example ac-dc
power converter of FIG. 1 provides a substantially dc
output voltage VO 124 and a substantially dc output cur-
rent IO 126 to a load 128.
[0010] The example power converter of FIG. 1 is
known as a flyback power converter because of its par-
ticular circuit topology. A power converter that is control-
led to produce a regulated output is sometimes called a
regulated power supply. A flyback converter that produc-
es a regulated output is sometimes called a flyback power
supply. Those skilled in the art will appreciate that exam-
ples in accordance with the teachings of the present in-
vention described in this disclosure is not limited to power
converters that use a particular circuit topology, and that
any type of power converter that operates from either an
ac input voltage or from a dc input voltage may benefit
from examples in accordance with the teachings of the
invention.
[0011] In the example power converter of FIG. 1, a full-
wave bridge rectifier 104 receives ac input voltage VAC
102 between line input terminal L 150 and neutral input
terminal N 152 to produce a dc voltage VBULK 108 on an
input capacitor C1 106. Dc voltage VBULK 108 is positive
with respect to an input return 114, and has a time varying
component at twice the frequency (half the period) of the
ac line due to energy being removed from the capacitor
by the power converter between peaks of the line voltage
waveform 102. The maximum value of the bulk voltage
VBULK 108 is approximately the peak magnitude of the
ac input voltage VAC 102. The peaks of rectified voltage
VBULK 108 in the example of FIG. 1 are coincident with
the positive and negative peaks of the ac input voltage
VAC 102. The minimum value of the bulk voltage VBULK
108 is substantially greater than zero when the ac input
voltage VAC 102 is present.
[0012] The dc voltage VBULK 108 in the example of
FIG. 1 is coupled to a coupled inductor T1 116 that is
sometimes referred to as a transformer. Coupled inductor
T1 116 is an energy transfer element in the example pow-
er converter of FIG. 1. Coupled inductor T1 116 includes
a primary winding 112 and a secondary winding 118.
Primary winding 112 is sometimes referred to as an input
winding, and secondary winding 118 is sometimes re-
ferred to as an output winding. In the example of FIG. 1,
one end of secondary winding 118 is coupled to an output
return 130. In other examples, coupled inductor T1 116
may have additional windings coupled to the output re-
turn 130, and additional windings coupled to the input
return 114. The additional windings coupled to the output
return 130 are sometimes referred to as output windings.
Additional windings coupled to the input return 114 are
sometimes referred to as bias windings, auxiliary wind-
ings, or primary sensing windings.
[0013] One end of primary winding 112 receives the
dc voltage VBULK 108 in the example of FIG. 1. The other
end of primary winding 112 is coupled to a switch SW1
146 that opens and closes in response to a drive signal
from a controller 142. A clamp circuit 110 is coupled
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across the ends of primary winding 112 to protect the
switch SW1 146 from excessive voltage that may result
from the switching of switch SW1 146.
[0014] In a practical power converter, switch SW1 146
is typically a semiconductor device such as for example
a transistor that is controlled by a drive signal to be either
open or closed. A switch that is open cannot conduct
current. A switch that is closed may conduct current.
[0015] In the example of FIG. 1, switch SW1 146 re-
ceives a drive signal from a drive signal terminal 144 of
controller 142. The drive signal changes periodically be-
tween a high value and low value with period TS that is
the switching period. The switching period TS is much
less than the ac line period TL. The switching period TS
is the reciprocal of the switching frequency. In one ex-
ample, the switching period TS is about 15 microseconds
or less when the power converter is providing maximum
output power to load 128, whereas the ac line period TL
is about 20 milliseconds. In other words, the ac line period
TL is typically more than 1000 times greater than the
switching period TS, so that there can be typically more
than 1000 switching periods within one ac line period.
[0016] In the example power converter of FIG. 1, the
switching of switch SW1 146 produces pulsating currents
in the primary winding 112 and in the secondary winding
118 of coupled inductor T1 116. Current from secondary
winding 118 is rectified by diode D1 120 and filtered by
an output capacitor C2 122 to produce an output voltage
VO 124 and an output current IO 126. In the example of
FIG. 1, output voltage VO 124 is positive with respect to
an output return 130.
[0017] In the example of FIG. 1, the input return 114
is galvanically isolated from the output return 130. Gal-
vanic isolation prevents dc current between input and
output of the power converter. In other words, a dc volt-
age applied between an input terminal and an output ter-
minal of a power converter with galvanic isolation will
produce substantially no dc current between the input
terminal and the output terminal of the power converter.
It is appreciated that in other examples, power converters
without galvanic isolation may be used depending on sys-
tem isolation requirements and would still benefit from
the teachings of the present invention.
[0018] In the example of FIG. 1, controller 142 receives
an input voltage sense signal at an input voltage sense
terminal 140, an output voltage sense signal at an output
voltage sense terminal 148, and a current sense signal
at a current sense terminal 134 for the regulation of output
voltage VO 124. The voltages of controller 142 are refer-
enced to the input return 114. In various examples, the
output voltage sense signal received at output voltage
sense terminal 148 may be galvanically isolated from the
output return 130 by the use of an optocoupler, or for
example by the use of a winding on a transformer, or for
example by the use of magnetically coupled conductors
that are part of a leadframe of an integrated circuit pack-
age, or for example by the use of special high voltage
safety capacitors.

[0019] A variety of different techniques may be utilized
to sense the switch current ISW1 132 for the current sense
signal at the current sense terminal 134. For example,
the switch current ISW1 132 may be sensed as a voltage
on a discrete resistor, or as a current from a current trans-
former, or as a voltage across the on-resistance of a met-
al oxide semiconductor field effect transistor (MOSFET)
or as a current from the sense output of a current sensing
field effect transistor (senseFET).
[0020] In the example of FIG. 1, the ac input voltage
VAC 102 is sensed as the dc voltage VBULK 108 on ca-
pacitor C1 106. The dc input voltage VBULK 108 is coupled
to an input sensing resistor R1 118 before it is received
at the input voltage sense terminal 140 of controller 142.
Current in resistor R1 returns to the ac input through the
bridge rectifier 104.
[0021] FIG. 2 is a functional block diagram 200 of an
example controller 202 for the example power converter
of FIG. 1 illustrating elements of an input voltage sensor
in accordance with the teachings of the present invention.
In the example of FIG. 2, controller 202 is an integrated
circuit that includes a buffer amplifier 226, comparators
230, an OR gate 212, a high voltage transistor QHV 220,
a current mirror formed by transistors 240 and 242, a
monostable multivibrator 250 (also known as a one-shot
and a single shot), a logic inverter 208, a switch driver
210, with various analog and digital circuits 234. In one
example, buffer amplifier 226, high voltage transistor QHV
220, and the current mirror formed by transistors 240 and
242 may be considered as being part of an input sense
circuit included in controller 202. In one example, OR
gate 212, monostable multivibrator 250 and logic inverter
208 may be considered as being part of a sense enable
circuit included in controller 202.
[0022] The various analog and digital circuits 234 typ-
ically include an oscillator (not shown in FIG. 1) that pro-
vides signals available to all circuits in controller 202 for
synchronization and timing. In some controllers, signals
for synchronization and timing may be received from any
suitable marker of time instead of an oscillator, such as
for example a system clock.
[0023] It will be appreciated by those skilled in the art
that a power converter controller need not be entirely
within an integrated circuit. For example, high voltage
transistor QHV 220 may be a discrete transistor outside
an integrated circuit, and other elements of the controller
may be included in one or more integrated circuits.
[0024] In the example of FIG. 2, controller 202 receives
an input voltage sense signal at an input voltage sense
terminal 140 that is coupled to one end of a voltage sens-
ing resistor R1 118. The other end of the voltage sensing
resistor R1 118 may be coupled to a rectified ac input
voltage, for example VBULK 108 shown in the example of
FIG. 1. The input voltage sense terminal 140 of the ex-
ample controller 202 in FIG. 2 is a high voltage terminal
with respect to the input return 114. A high voltage ter-
minal of an integrated circuit is generally one that is
adapted to withstand more than 30 volts with respect to
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the ground terminal without damage or disruption to the
operation of the integrated circuit. In the example of FIG.
2, the voltage at the input voltage sense terminal 140
may be as high as the peak of the rectified voltage VBULK
108 that may exceed several hundred volts.
[0025] In the example of FIG. 2, the input voltage sense
terminal 140 is coupled to the drain D 218 of a high volt-
age transistor QHV 220. In one example, high voltage
transistor QHV 220 is an n-channel enhancement mode
metal oxide semiconductor field effect transistor (MOS-
FET). In the example of FIG. 2 high voltage transistor
QHV 220 has a gate G 216 coupled to the output of an
OR gate 212, and a source S 222 coupled to the drain
and gate of a low voltage MOSFET 240.
[0026] When high voltage transistor QHV 220 is in an
ON state it may conduct current between drain and
source. When high voltage transistor QHV 220 is in an
OFF state it cannot conduct current. A transistor in an
ON state may be considered to be a switch that is closed.
A transistor in an OFF state may be considered to be a
switch that is open. High voltage transistor QHV 220 is in
an ON state when the voltage at the gate G 216 is greater
than the voltage at the source S 222 by more than a
threshold voltage VT. Conversely, high voltage transistor
QHV 220 is in an OFF state when the voltage at the gate
G 216 is not greater than the voltage at the source S 222
by more than a threshold voltage VT. A transistor in an
ON state is sometimes referred to as being ON. A tran-
sistor in an OFF state is sometimes referred to as being
OFF.
[0027] In one example, the threshold voltage VT of high
voltage transistor QHV 220 is typically 2.5 volts. In one
example, the output of OR gate 212 is approximately 5.8
volts at a logic high level and the output of OR gate 212
is substantially zero volts at a logic low level. In other
words, high voltage transistor QHV 212 may conduct cur-
rent when the output of OR gate 212 is at a high logic
level, and the high voltage transistor QHV 220 cannot
conduct current when the output of OR gate 212 is at a
logic low level.
[0028] The output of OR gate 212 in the example of
FIG. 2 determines when high voltage transistor QHV 220
is ON and when high voltage transistor QHV 220 is OFF.
When high voltage transistor QHV 220 in the example
controller of FIG. 2 is ON, the input sense circuit is ena-
bled as the input voltage sense terminal 140 may receive
current IR1 224 from the input through input sensing re-
sistor R1 118. When high voltage transistor QHV 220 is
OFF, the input sense circuit is disabled input voltage
sense terminal 140 receives substantially no current from
the input. In other words, controller 202 in the example
of FIG. 2 is enabled to sense the input voltage only when
high voltage transistor QHV 220 is ON. Controller 202 in
the example of FIG. 2 reduces the power consumed in
sensing the input voltage to the power converter 100 by
limiting the times when input voltage sense terminal 140
receives current from the input to the power converter in
accordance with the teachings of the present invention.

[0029] High voltage transistor QHV 220 in the example
of FIG. 2 may be considered an input voltage sense
switch that closes to enable sensing of the input voltage,
and that opens to disable sensing of the input voltage
and prevent power consumption from the sensing of the
input voltage in accordance with the teachings of the
present invention.
[0030] When high voltage transistor QHV 220 in the
example controller of FIG. 2 is ON, a current IR1 224 that
is representative of the input voltage may enter the drain
of transistor 240. Transistors 240 and 242 form a current
mirror with a ratio K that scales the current IR1 224 in the
drain of transistor 240 to a mirrored current IMR1 238 that
is IR1 multiplied by K in the drain of transistor 242. As
shown in the depicted example, mirrored current IMR1 is
processed by a buffer amplifier 226, which is coupled to
produce a buffered sense signal 228. Buffer amplifier 226
in the example of FIG. 2 may provide amplification, level
shifting, current-to-voltage conversion, and any other
transformation known in the art as needed to make the
buffered sense signal 228 compatible with the circuits
that receive it, such as for example comparators 230.
[0031] In the example controller 202 of FIG. 2, compa-
rators 230 receive the buffered sense signal 228 that is
responsive to the input voltage of the power converter.
Buffered sense signal 228 is compared to threshold val-
ues that correspond to the range of input voltage speci-
fied for the power converter to operate. When enabled
by a logic high level of SENSE ENABLE signal 214 at a
COMPARE ENABLE input 248, the comparators 230 as-
sert either an over-voltage signal 232 or an under-voltage
signal 236 if the input voltage is outside the specified
range for operation. In the example of FIG 2, the SENSE
ENABLE signal 214 is at a logic low level when the volt-
age sense circuit is disabled from sensing the input volt-
age to prevent the assertion of a false under-voltage sig-
nal.
[0032] In the example controller 202 of FIG 2, analog
and digital circuits 234 receive and process control sense
signals as required to regulate the output of the power
converter. CURRENT SENSE signal 244, OUTPUT
VOLTAGE SENSE signal 246, OVER-VOLTAGE signal
232 and UNDER-VOLTAGE signal 236 are processed
to produce a command signal 252 that is received by a
switch driver circuit 210. Switch driver circuit 210 produc-
es a DRIVE signal 254 at drive terminal 144. DRIVE sig-
nal 254 goes to a logic high level to close switch SW1
146. DRIVE signal 254 goes to a logic low level to open
switch SW1 146. A timing diagram is presented later in
this disclosure to illustrate the relationships among var-
ious signals in the example controller of FIG. 2.
[0033] Monostable multivibrator 250 in the example of
FIG. 2 receives an inverted drive signal 206 from inverter
208 to produce a DRIVE EXTEND signal 204 that is re-
ceived at a first input of OR gate 212. In the example of
FIG. 2, DRIVE EXTEND signal 204 goes to logic high
level when DRIVE signal 254 goes to a logic low level.
A second input of input of OR gate 212 receives the
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DRIVE signal 254 to produce a SENSE ENABLE signal
214 that is received at the gate G 216 of high voltage
transistor QHV 220. High voltage transistor QHV 220 is
ON when an input of OR gate 212 is at a logic high level.
[0034] FIG. 3 is a timing diagram 300 that shows ex-
ample waveforms illustrating the operation of the exam-
ple input voltage sensor shown in FIG. 2 as used in the
example power converter of FIG. 1. The example wave-
forms of FIG. 3 are for steady-state conditions after tran-
sient disturbances from the application of ac input voltage
VAC 102 have decayed to negligible values.
[0035] Waveform 305 in the example of FIG. 3 repre-
sents the current ISW1 132 in the switch SW1 146 of the
example power converter of FIG. 1. Current ISW1 132
increases linearly while switch SW1 146 is ON in the
example power converter of FIG. 1, and current ISW1 is
substantially zero when switch SW1 146 is OFF.
[0036] Waveform 310 in the example of FIG. 3 repre-
sents DRIVE signal 254 in the example controller of FIG.
2 that drives switch SW1 146 in the example power con-
verter of FIG. 1. The waveforms of FIG. 3 show that switch
SW1 146 is ON when DRIVE signal 254 is at a logic high
level, and switch SW1 146 is OFF when DRIVE signal
254 is at a logic low level.
[0037] Waveform 315 in the example of FIG. 3 repre-
sents the DRIVE EXTEND signal 204 in the example
controller of FIG. 2. Waveform 320 in the example of FIG.
3 represents the SENSE ENABLE signal 214 in the ex-
ample controller of FIG. 2. Since the SENSE ENABLE
signal 214 is the output of an OR gate 212 that receives
DRIVE signal 254 with DRIVE EXTEND signal 204, the
SENSE ENABLE signal 214 is at a logic high level when
either DRIVE EXTEND signal 204 or SENSE ENABLE
signal 214 is at a logic high level.
[0038] The timing diagram 300 of FIG. 3 shows wave-
forms of signals from the example power converter 100
of FIG. 1 that uses the example controller 200 of FIG. 2
for the condition of a light load (low output current) before
time t6 and for the condition of a moderate to heavy load
(higher output current) after time t6. For the condition of
a light load on the power converter, the switching period
is TS1 as indicated by the separation between times t0
and t3 that mark the times when the switch SW1 146
turns ON. Similarly for the condition of a moderate to
heavy load, the switching period is TS2 as indicated by
the separation between times t6 and t8, and the separa-
tion between times t8 and t11.
[0039] The timing diagram of FIG. 3 illustrates that the
switching period TS1 for a light load is generally substan-
tially greater than the switching period TS2 for a moderate
to heavy load in the example power converter of FIG. 1.
It is a common practice in the design of controllers for
power converters to increase the switching period (re-
duce the switching frequency) under conditions of light
loading to reduce losses attributed to switching events,
particularly for power converters that must operate with
high efficiency at light loads. A switching period greater
than a threshold value may therefore indicate the pres-

ence of a light load and the need to sense the input volt-
age with reduced power consumption.
[0040] In the example of FIG. 3, switch SW1 146 is ON
for the duration TON between times to and t1, between
times t3 and t4, between times t6 and t7, between times
t8 and t10, and between times t11 and t13. To avoid un-
necessary complexity in the illustration, FIG. 3 shows the
duration that the switch SW1 146 is ON is the same in
each switching period for the condition of light load and
for the condition of moderate to heavy load, indicating
that the input voltage is the same for both conditions in
the example of FIG. 3. The input voltage to the power
converter and the duration TON that the switch SW1 146
remains ON may be different in each switching period.
In one example, the duration TON that the switch SW1
146 remains ON is approximately 7 microseconds.
[0041] As shown in the example timing diagram of FIG.
3, the switching period is the sum of an on-time and an
off-time of switch SW1 146. For the light load condition,
the off-time is TOFF1 between times t1 and t3. For the
moderate to heavy load condition, the off-time is TOFF2
between times t7 and t8, and between times t10 and t11.
[0042] The example of FIG. 3 shows that a high to low
transition of the DRIVE signal 254 initiates a low to high
transition of the DRIVE EXTEND signal 204 from the
monostable multivibrator 250. The DRIVE EXTEND sig-
nal 204 remains at a logic high level for an extended
duration TEX after switch SW1 146 turns OFF, as shown
in the timing diagram between times t1 and t2, between
times t4 and t5, between times t7 and t9, and between
times t10 and t12. The design of monostable multibibrator
250 sets the extended duration TEX.
[0043] The timing diagram of FIG. 3 shows that the
SENSE ENABLE signal 214 is at a logic high level when
the DRIVE signal 254 signal is at a logic high level. There-
fore, the controller senses the input voltage whenever
the switch SW1 146 is conducting. After the switch SW1
146 turns OFF, the DRIVE EXTEND signal 204 keeps
the SENSE ENABLE signal 214 at a logic high level, al-
lowing the controller to continue sensing the input voltage
for the extended duration TEX after the switch SW1 146
turns OFF. If the off-time of the switch SW1 146 exceeds
TEX, then the SENSE ENABLE signal 214 goes to a logic
low level that prevents the controller from sensing the
input voltage, reducing the power consumed by the input
sense circuit. The timing diagram of FIG. 3 shows that
the controller does not sense the input voltage during the
time TVSOFF between times t2 and t3.
[0044] If the off-time of switch SW1 146 is less than
the extended duration TEX, then the SENSE ENABLE
signal 214 remains high for the entire switching period
as illustrated after time t6, and the controller senses the
input voltage continuously without interruption. In other
words, the controller senses the input voltage continu-
ously when the load on the power converter is moderate
to heavy, but the controller senses the input voltage only
during a fraction of a switching period when the load on
the power converter is light.
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[0045] At moderate to heavy loads, the power con-
sumed by sensing the input voltage is negligible in com-
parison to other losses in the power converter. At light
loads where the power consumed by sensing the input
voltage is a significant part of the total loss in the power
converter, the input voltage is sensed for only a fraction
of the switching period. The voltage on the switch SW1
is highest when the switch makes the transition from ON
to OFF. At any given input voltage, the voltage that ap-
pears on the switch SW1 146 when the switch turns off
at moderate to heavy loads is higher than the voltage
that appears on the switch SW1 146 when the switch
turns off at light loads. Therefore, at light loads the con-
verter is less likely to be damaged from an excessive
input voltage, and the risk is relatively low that the input
voltage will get high enough to damage the converter
between sensing events. At moderate to heavy loads,
however, it is important to sense the input voltage con-
tinuously so that the controller may prevent the switch
from turning ON when the input voltage is too high.
[0046] FIG. 4 is a graph 400 that illustrates the rela-
tionships between off-time TOFF, extended duration TEX,
and the duration of no line sensing TVSOFF. The graph
shows that the duration of no line sensing TVSOFF is zero
when the off-time of switch SW1 146 is less than or equal
to the extended duration TEX. The graph also shows that
the duration of no line sensing TVSOFF increases from
zero with a constant slope when the off-time of switch
SW1 146 is greater than the extended duration TEX. In
one example, the extended duration TEX is 50 microsec-
onds because the off-time of switch SW1 146 at moderate
loads in that example is also about 50 microseconds. In
the same example, the off-time of switch SW1 146 at
light loads (where there is a need to sense the input volt-
age with reduced power consumption) may be approxi-
mately 50 milliseconds, about 1000 times longer than the
off-time at moderate loads.
[0047] FIG. 5 is a functional block diagram 500 of an
example controller 502 for the power converter in FIG. 1
illustrating elements of an alternative input voltage sen-
sor in accordance with the teachings of the present in-
vention. FIG. 5 includes many of the elements illustrated
in the example of FIG. 2.
[0048] In the alternative example of FIG. 5, the gate G
216 of high voltage transistor QHV 220 is coupled to a
regulated internal voltage VDD 504, and the source S 222
of high voltage transistor QHV 220 is coupled to the drain
of a low voltage transistor QLV 520. In one example, the
regulated internal voltage VDD 504 is approximately 5.8
volts. The source of low voltage transistor QLV 520 is
coupled to transistor 240 of the current mirror as in FIG. 2.
[0049] In the alternative example of FIG. 5, OR gate
212 produces a SENSE ENABLE signal 214 that is cou-
pled to the gate of low voltage transistor QLV 520 and is
received by the comparators 230 at a COMPARE ENA-
BLE input 248. When SENSE ENABLE signal 214 is a
logic high level (approximately VDD), low voltage transis-
tor QLV 520 turns ON enabling controller 502 to sense

the input voltage as current IR1 224. When SENSE EN-
ABLE signal 209 is a logic low level (approximately zero
volts), low voltage transistor QLV 520 turns OFF disabling
controller 502 from sensing the input voltage and pre-
venting controller 502 from receiving current from the in-
put voltage in accordance with the teaching of the present
invention.
[0050] Low voltage transistor QLV 520 in the alternative
example of FIG. 5 may be considered a line sense switch
that closes to allow sensing of the input voltage to the
power converter, and that opens to stop the sensing cir-
cuit from consuming power from the input voltage to the
power converter.
[0051] FIG. 6 is a functional block diagram 600 of an-
other example controller 602 for the example power con-
verter in FIG. 1 illustrating elements of another alternative
input voltage sensor in accordance with the teachings of
the present invention. FIG. 6 includes many of the ele-
ments illustrated in the examples of FIG. 2 and FIG. 5.
[0052] The alternative example of FIG. 6 replaces the
MOSFET that is high voltage transistor QHV 220 in FIG.
5 with an n-channel junction field effect transistor (JFET)
QHV 620. Whereas the gate G 216 of the high voltage
MOSFET QHV 220 in FIG. 5 is coupled to the regulated
internal voltage VDD 504, the gate G 616 of high voltage
JFET QHV 620 in FIG. 6 is coupled to the input return 114.
[0053] The drain D 618 of high voltage transistor QHV
620 in the alternative example of FIG. 6 is coupled to the
input voltage sense terminal 140, and the source S 622
of high voltage JFET QHV 620 is coupled to low voltage
transistor QLV 520. As such, JFET QHV 620 in the exam-
ple of FIG. 6 performs the same function as MOSFET
QHV 220 in FIG. 5. JFET QHV 620 in the example of FIG.
6 is ON when low voltage transistor QLV 520 is ON and
the input sense circuit is enabled to sense the input volt-
age, and JFET QHV 620 in the example of FIG. 6 is OFF
when low voltage transistor QLV 520 is OFF and the input
sense circuit is disabled from sensing the input voltage.
[0054] FIG. 7 is a flow diagram 700 that illustrates an
example process for a power converter controller that
senses an input voltage in accordance with the teachings
of the present invention. The example flow diagram of
FIG. 7 is consistent with the example controller of FIG.
2 and with the example waveforms of FIG. 3. After starting
in block 705 with input voltage applied to the power con-
verter and the controller has determined that the input
voltage is within the proper limits for the converter to op-
erate, the controller closes a power switch in block 710
to begin an on-time TON. The controller also closes a line
sense switch in block 715 to begin input voltage sensing
by allowing the controller to receive current at an input
voltage sense terminal.
[0055] After the line sense switch closes in block 715,
the controller processes control sense signals such as
for example current sense, output sense, over-voltage
sense, and under-voltage sense signals in block 720.
When the processing calls for the power switch to turn
OFF, the off-time TOFF of the power switch begins in block
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725. The extended input voltage sensing duration TEX
begins in block 730 when the power switch turns OFF.
[0056] The controller continues to process the control
sense signals in block 740, while the off-time TOFF in-
creases in decision block 750. If the off-time TOFF ex-
ceeds the extended input voltage sensing duration TEX,
then the extended input sensing duration TEX ends in
block 745, the input voltage sensing ends in block 735,
and the flow continues to blocks 775 and 780 where the
controller processes the control sense signals until the
controller ends the off-time and another on-time TON be-
gins in block 710. If the off-time TOFF does not exceed
the extended input voltage sensing duration TEX, then
the flow continues to block 755. The off-time TOFF in-
creases in blocks 755 and 760 until the controller ends
the off-time and another on-time TON begins in block 765,
followed by the end of the extended input voltage sensing
duration TEX in block 770. The processing of control
sense signals continues in block 720.
[0057] Some applications of power converters require
the input capacitor C1 106 to be large enough for the
power converter to provide a regulated output to a heavy
load for a time equivalent to several ac line periods after
the ac input is removed. In these applications, when the
load is very light or near zero load the dc input voltage
VBULK 108 may require tens of seconds to decay below
a minimum threshold value after the ac input voltage VAC
102 is removed. A power converter controller that must
detect an input under-voltage condition within a few pe-
riods of the ac input voltage is therefore unable to do so
reliably from only a measurement of the bulk voltage
VBULK 108. For these applications, the controller may
sense the ac input voltage as illustrated by the example
of FIG. 8.
[0058] FIG. 8 is a schematic diagram 800 of an exam-
ple power converter including a controller that senses a
switching voltage VSW 852 that is representative of the
dc input voltage VBULK 108 in addition to sensing the ac
input voltage VAC 102 in accordance with the teachings
of the present invention. In the example power converter
of FIG. 8, one end of voltage sensing resistor R1 118 is
coupled to neutral input terminal N 152 to receive a half-
wave rectified voltage VRECT 850. In another example,
one end of voltage sensing resistor R1 118 may be cou-
pled to line input terminal L 150 to receive a half-wave
rectified voltage VRECT 850.
[0059] Controller 842 in the example converter of FIG.
8 may sense the ac input voltage VAC 102 continuously
when the load on the power converter is moderate to
heavy, and it may sense the ac input voltage VAC 102
only during a fraction of a switching period when the load
on the power converter is light according to the teaching
of the present invention, in the same way that the con-
verter of FIG. 1 senses the dc input voltage VBULK 108.
[0060] Circuits in controller 842 may respond to the
absence of ac input voltage for more than one ac line
period. Circuits in controller 842 may detect either an
over-voltage condition or an under-voltage condition by

sensing a switching voltage that is proportional to the
bulk voltage VBULK 108.
[0061] A switching voltage VSW 852 that is proportional
to the bulk voltage VBULK 108 is available at the output
winding 118 of the example power converter of FIG. 8.
Since the magnitude of the switching voltage VSW 852 is
a substantially lower voltage than the peak of the ac input
voltage VAC 102, the controller may sense the switching
voltage VSW 852 with significantly lower power consump-
tion than would be required to sense the higher voltage
VBULK 108.
[0062] The example power converter of FIG. 8 is ob-
tained from the example of FIG. 1 by relocating output
diode D1 120 of FIG. 1 to the position of output diode D2
820 of FIG. 8, and by receiving the switching voltage VSW
852 with a modified controller 842. An isolation circuit
856 provides galvanic isolation between the input return
114 and the output return 130 such that the switching
voltage sense signal 858 is galvanically isolated from the
switching voltage signal 854.
[0063] In one example, isolation circuit 856 may be an
optocoupler. In another example, isolation circuit 856
may include a transformer. With the modifications illus-
trated in FIG. 8, the modified controller 846 may detect
an input over-voltage condition even when the controller
is not receiving current from the ac input voltage VAC 102.
It is appreciated that in other examples, a switching volt-
age signal analogous to switching voltage VSW 852 could
be obtained from a separate winding other than the output
winding 118 shown in FIG.8 while still benefiting from the
teachings of the present invention.
[0064] Every conductor in an electrical circuit has a
finite parasitic capacitance that may store an electric
charge. Leakage currents in typical applications usually
discharge the parasitic capacitance fast enough to make
the effects of the parasitic capacitance negligible. In ap-
plications where the effects of parasitic capacitance are
not negligible, relatively small modifications to the exam-
ple circuits may allow those applications to benefit from
the ac voltage sensor with low power consumption in
accordance with the teachings of the present invention.
FIG. 9 is a schematic diagram 900 of an example power
converter controller 902 illustrating elements of an input
voltage sensor that includes an optional element to dis-
charge stray capacitance at an input voltage sense ter-
minal in accordance with the teachings of the present
invention.
[0065] The example controller of FIG. 9 includes many
of the elements illustrated in the example of FIG. 6. Par-
asitic capacitance 905 between input voltage sense ter-
minal 140 and input return 114 may charge to the input
voltage when high voltage transistor QHV 620 is not con-
ducting. The discharge of parasitic capacitance 905
through low voltage transistor QLV 520 might produce a
high value for current IR1 224 that would indicate a false
high input voltage to the controller. To prevent false in-
dications of high input voltage, the parasitic capacitance
905 may be discharged through a path that does not put
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the current from the discharge of the capacitance through
transistor 240 of the current mirror formed by transistors
240 and 242. In the example of FIG. 9, the stray capac-
itance 905 is discharged through transistor QCD 910 in
response to a DISCHARGE signal 915. In one example,
circuits in the controller (not shown in FIG. 9) raise DIS-
CHARGE signal 915 to a high logic level for about 200
nanoseconds to discharge stray capacitance 905 imme-
diately before DRIVE signal 254 goes high.
[0066] The above description of illustrated examples
of the present invention, including what is described in
the Abstract, are not intended to be exhaustive or to be
limitation to the precise forms disclosed. While specific
embodiments of, and examples for, the invention are de-
scribed herein for illustrative purposes, various equiva-
lent modifications are possible without departing from the
broader spirit and scope of the present invention. Indeed,
it is appreciated that the specific example voltages, cur-
rents, frequencies, power range values, times, etc., are
provided for explanation purposes and that other values
may also be employed in other embodiments and exam-
ples in accordance with the teachings of the present in-
vention.

EMBODIMENTS

[0067] Although the present invention is defined in the
attached claims, it should be understood that the present
invention can also (alternatively) be defined in accord-
ance with the following embodiments:

1. A power converter controller, comprising:

a switch driver circuit coupled to generate a drive
signal to control switching of a power switch to
control a transfer of energy from an input of the
power converter to an output of the power con-
verter;
an input sense circuit to receive an input sense
signal representative of the input of a power con-
verter; and
a sense enable circuit coupled to receive the
drive signal to generate a sense enable signal
to control the input sense circuit in response to
the drive signal, wherein the sense enable signal
is coupled to control the input sense circuit to
sense the input sense signal continuously in re-
sponse to a first load condition at the output of
the power converter, and wherein the sense en-
able signal is coupled to control the input sense
circuit to sense the input sense signal only dur-
ing a fraction of a switching period of the power
switch in response to a second load condition
at the output of the power converter.

2. The power converter controller of embodiment 1
further comprising a comparator circuit coupled to
the input sense circuit and the sense enable circuit,

wherein the comparator is coupled to detect if the
input of the power converter is greater or less than
one or more thresholds.

3. The power converter controller of embodiment 2
wherein the one or more thresholds include one or
more of an under-voltage threshold and an over-volt-
age threshold.

4. The power converter controller of embodiment 1
wherein the input sense circuit is a current input
sense circuit, and wherein the input sense signal rep-
resentative of the input of the power converter is a
current.

5. The power converter controller of embodiment 1
wherein input sense circuit comprises a high voltage
transistor coupled to receive the input sense signal.

6. The power converter controller of embodiment 5
wherein the input sense circuit further comprises a
low voltage transistor coupled to the high voltage
transistor, wherein the low voltage transistor is cou-
pled to be switched in response to the sense enable
signal.

7. The power converter controller of embodiment 5
wherein the high voltage transistor is coupled to be
switched in response to the sense enable signal.

8. The power converter controller of embodiment 1
wherein the input sense circuit comprises a current
mirror circuit coupled to receive the input sense sig-
nal representative of the input of the power convert-
er, wherein the current mirror circuit is coupled to
generate a scaled representation of the input sense
signal.

9. The power converter controller of embodiment 8
wherein the input sense circuit further comprises a
buffer amplifier circuit coupled to the current mirror
circuit, wherein the buffer amplifier circuit is coupled
to output the scaled representation of the input sense
signal.

10. The power converter controller of embodiment 1
wherein the sense enable circuit comprises a mon-
ostable multivibrator coupled to generate a drive ex-
tend signal in response to the drive signal, wherein
the sense enable circuit is further coupled to gener-
ate the sense enable signal to control the input sense
circuit in response to the drive extend signal.

11. The power converter controller of embodiment
10 wherein the sense enable circuit further compris-
es an OR gate coupled to generate the sense enable
signal in response to the drive signal and drive ex-
tend signal.
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12. The power converter controller of embodiment 1
wherein the switching period of the power switch in
response to the second load condition at the output
of the power converter is greater than a switching
period of the power switch in response to the first
load condition at the output of the power converter.

13. The power converter controller of embodiment 1
wherein the first load condition at the output of the
power converter is a heavier load condition than the
second load condition at the output of the power con-
verter.

14. A power converter, comprising:

an energy transfer element coupled between an
input of the power converter and an output of
the power converter;
a power switch coupled to the input of the power
converter and the energy transfer element; and
a power converter controller coupled to gener-
ate a drive signal coupled to control switching
of the power switch to control a transfer of energy
from the input of the power converter to the out-
put of the power converter in response to a feed-
back signal representative of the output of the
power converter, wherein the power converter
controller includes:

a switch driver circuit coupled to generate
the drive signal to control switching of the
power switch to control the transfer of en-
ergy from the input of the power converter
to the output of the power converter;
an input sense circuit to receive an input
sense signal representative of the input of
a power converter; and
a sense enable circuit coupled to receive
the drive signal to generate a sense enable
signal to control the input sense circuit in
response to the drive signal, wherein the
sense enable signal is coupled to control
the input sense circuit to sense the input
sense signal continuously in response to a
first load condition at the output of the power
converter, and wherein the sense enable
signal is coupled to control the input sense
circuit to sense the input sense signal only
during a fraction of a switching period of the
power switch in response to a second load
condition at the output of the power convert-
er.

15. The power converter of embodiment 14 wherein
the power converter controller is coupled to receive
a current sense signal representative of a current
through the power switch, wherein the power con-
verter controller is further coupled to generate the

drive signal coupled to control switching of the power
switch to control the transfer of energy from the input
of the power converter to the output of the power
converter in response to current sense signal.

16. The power converter of embodiment 14 wherein
the power converter controller further includes a
comparator circuit coupled to the input sense circuit
and the sense enable circuit, wherein the comparator
is coupled to detect if the input of the power converter
is greater or less than one or more thresholds.

17. The power converter of embodiment 16 wherein
the one or more thresholds include one or more of
an under-voltage threshold and an over-voltage
threshold.

18. The power converter of embodiment 14 wherein
the input sense circuit is a current input sense circuit,
and wherein the input sense signal representative
of the input of the power converter is a current.

19. The power converter of embodiment 14 wherein
input sense circuit comprises a high voltage transis-
tor coupled to receive input sense signal.

20. The power converter of embodiment 19 wherein
input sense circuit further comprises a low voltage
transistor coupled to the high voltage transistor,
wherein the low voltage transistor is coupled to be
switched in response to the sense enable signal.

21. The power converter of embodiment 19 wherein
the high voltage transistor is coupled to be switched
in response to the sense enable signal.

22. The power converter of embodiment 14 wherein
the input sense circuit comprises a current mirror
circuit coupled to receive the input sense signal rep-
resentative of the input of the power converter,
wherein the current mirror circuit is coupled to gen-
erate a scaled representation of the input sense sig-
nal.

23. The power converter of embodiment 22 wherein
the input sense circuit further comprises a buffer am-
plifier circuit coupled to the current mirror circuit,
wherein the buffer amplifier circuit is coupled to out-
put the scaled representation of the input sense sig-
nal.

24. The power converter of embodiment 14 wherein
the sense enable circuit comprises a monostable
multivibrator coupled to generate a drive extend sig-
nal in response to the drive signal, wherein the sense
enable circuit is further coupled to generate the
sense enable signal to control the input sense circuit
in response to the drive extend signal.
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25. The power converter of embodiment 24 wherein
the sense enable circuit further comprises an OR
gate coupled to generate the sense enable signal in
response to the drive signal and drive extend signal.

26. The power converter of embodiment 14 wherein
the switching period of the power switch in response
to the second load condition at the output of the pow-
er converter is greater than a switching period of the
power switch in response to the first load condition
at the output of the power converter.

27. The power converter of embodiment 14 wherein
the first load condition at the output of the power
converter is a heavier load condition than the second
load condition at the output of the power converter.

28. A method for sensing an input of a power con-
verter, comprising:

generating a drive signal to control a switching
of a power switch of the power converter to con-
trol a transfer of energy from the input of the
power converter to an output of the power con-
verter;
generating a drive extend signal in response to
the drive signal, wherein the drive extend signal
remains at a logic high level for an extended
duration after the drive signal turns OFF the
power switch;
receiving an input sense signal representative
of the input of the power converter; and
enabling sensing of the input sense signal in re-
sponse to the drive signal or the drive extend
signal at the logic high level; and
disabling sensing of the input sense signal in
response to the drive signal or the drive extend
signal at a logic low level

29. The method of embodiment 28 further compris-
ing increasing a switching period of the power switch
in response to a lighter load condition at the output
of the power converter.

30. The method of embodiment 28 further compris-
ing decreasing a switching period of the power switch
in response to a heavier load.

31. The method of embodiment 28 further compris-
ing asserting an over-voltage signal in response to
the input sense signal being greater than a first
threshold.

32. The method of embodiment 28 further compris-
ing asserting an under-voltage signal in response to
the input sense signal being less than a second
threshold.

Claims

1. A power converter controller, comprising:

a switch driver circuit coupled to generate a drive
signal to control switching of a power switch to
control a transfer of energy from an input of the
power converter to an output of the power con-
verter;
an input sense circuit to receive an input sense
signal representative of the input to a power con-
verter; and
a sense enable circuit coupled to receive the
drive signal to generate a sense enable signal
to control the input sense circuit in response to
the drive signal, wherein the sense enable signal
is coupled to control the input sense circuit to
sense the input sense signal continuously in re-
sponse to a first load condition at the output of
the power converter, and wherein the sense en-
able signal is coupled to control the input sense
circuit to sense the input sense signal only dur-
ing a fraction of a switching period of the power
switch in response to a second load condition
at the output of the power converter.

2. The power converter controller of claim 1 further
comprising a comparator circuit coupled to the input
sense circuit and the sense enable circuit, wherein
the comparator is coupled to detect if the input to the
power converter is greater or less than one or more
thresholds.

3. The power converter controller of claim 2 wherein
the one or more thresholds include one or more of
an under-voltage threshold and an over-voltage
threshold.

4. The power converter controller of any one of claims
1 to 3 wherein the input sense circuit is a current
input sense circuit, and wherein the input sense sig-
nal representative of the input to the power converter
is a current.

5. The power converter controller of any one of claims
1 to 4 wherein the input sense circuit comprises a
high voltage transistor coupled to receive the input
sense signal.

6. The power converter controller of claim 5 wherein
the input sense circuit further comprises a low volt-
age transistor coupled to the high voltage transistor,
wherein the low voltage transistor is coupled to be
switched in response to the sense enable signal.

7. The power converter controller of claim 5 or 6 where-
in the high voltage transistor is coupled to be
switched in response to the sense enable signal.
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8. The power converter controller of any one of claims
1 to 7 wherein the input sense circuit comprises a
current mirror circuit coupled to receive the input
sense signal representative of the input to the power
converter, wherein the current mirror circuit is cou-
pled to generate a scaled representation of the input
sense signal.

9. The power converter controller of claim 8 wherein
the input sense circuit further comprises a buffer am-
plifier circuit coupled to the current mirror circuit,
wherein the buffer amplifier circuit is coupled to out-
put the scaled representation of the input sense sig-
nal.

10. The power converter controller of any one of claims
1 to 9 wherein the sense enable circuit comprises a
monostable multivibrator coupled to generate a drive
extend signal in response to the drive signal, wherein
the sense enable circuit is further coupled to gener-
ate the sense enable signal to control the input sense
circuit in response to the drive extend signal.

11. The power converter controller of claim 10 wherein
the sense enable circuit further comprises an OR
gate coupled to generate the sense enable signal in
response to the drive signal and drive extend signal.

12. The power converter controller of any one of claims
1 to 11 wherein the switching period of the power
switch in response to the second load condition at
the output of the power converter is greater than a
switching period of the power switch in response to
the first load condition at the output of the power
converter.

13. The power converter controller of any one of claims
1 to 12 wherein the first load condition at the output
of the power converter is a heavier load condition
than the second load condition at the output of the
power converter.

14. A power converter, comprising:

an energy transfer element coupled between an
input of the power converter and an output of
the power converter;
a power switch coupled to the input of the power
converter and the energy transfer element; and
a power converter controller as defined in any
one of claims 1 to 13 coupled to generate a drive
signal coupled to control switching of the power
switch to control a transfer of energy from the
input of the power converter to the output of the
power converter in response to a feedback sig-
nal representative of the output from the power
converter.

15. A method for sensing an input to a power converter,
comprising:

generating a drive signal to control a switching
of a power switch of the power converter to con-
trol a transfer of energy from the input of the
power converter to an output of the power con-
verter;
generating a drive extend signal in response to
the drive signal, wherein the drive extend signal
remains at a logic high level for an extended
duration after the drive signal turns OFF the
power switch;
receiving an input sense signal representative
of the input of the power converter;
and
enabling sensing of the input sense signal in re-
sponse to the drive signal or the drive extend
signal at the logic high level; and
disabling sensing of the input sense signal in
response to the drive signal or the drive extend
signal at a logic low level.
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