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57 ABSTRACT 

A method and circuit for reducing the leading edge spike in 
a current sense signal. The current sense signal is a measure 
of the current through a switched power device controlled by 
a switching regulator controller. The slew rate of the current 
sense signal is limited to prevent the slew rate from exceed 
ing a predetermined maximum. The limited slew rate signal 
is provided to the switching regulator controller. A transcon 
ductance amplifier may be used to limit the slew rate of the 
current sense signal. A capacitor at the output of the 
transconductance amplifier contributes to controlling the 
maximum slew rate of the amplifier. The capacitor is 
charged by the current output of the amplifier to provide a 
voltage signal for use in place of the original current sense 
signal. A switch may be provided for selecting between the 
slew rate limited current sense signal and the original current 
sense signal. A time delay may be used to control the switch 
so that the slew rate limiting is replaced by the original 
current sense signal after a first predetermined time portion 
of each "on cycle" of the switched power device. 

13 Claims, 4 Drawing Sheets 
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SWITCHED LEADING EDGE 
REPLACEMENT FOR CURRENT SENSE 

SIGNAL 

This application is a continuation of application Ser. No. 
08/300,399 filed Sep. 2, 1994, which application is now 
pending. 

BACKGROUND OF THE INVENTION 
The invention relates to switching regulator controller 

integrated circuits that rely upon sensing the current through 
switched power devices. In particular, the invention is 
directed to a circuit that reduces leading edge current spikes 
in a current sense signal that may occur during switching. 

Switching regulator controllers operate by monitoring the 
amount of current flowing in a switching device such as a 
transistor driving a transformer. The current is typically 
monitored by adding a current sense element, such as a 
resistor or transformer, in series with the switching device. 
This element in effect transforms the current into a voltage 
signal which becomes an input to the switching regulator 
controller. When the level of the sensed input exceeds a set 
level, the output of the controller integrated circuit will 
change state. This state change will then disable the switch 
ing device which will cause the current in the device to 
CCaSC. 

The current waveform produced by a switching power 
device usually has a large leading edge spike due to the 
output rectifier reverse recovery time and transformer para 
sitics interaction. The current then increases linearly or 
almost linearly in time until the switching element is dis 
abled. The current signal then decreases to zero. 

In current mode control, the output voltage error signal is 
compared with the peak current. At the point of intersection 
between the error signal and peak current sensed in the 
power switch, the output is usually turned off. This way any 
change in input voltage, output voltage or output current 
conditions is reflected in the power switch's on time in such 
a way that the output voltage is kept relatively constant. This 
is called current mode controlled pulse width modulation 
(CMC PWM). 

Because of the existence of the current spike described 
above, the sensed current waveform could exceed the error 
voltage prematurely. If this were to occur, the on time of the 
switched power device would terminate prematurely. This 
undesirable condition would cause the power supply to 
regulate improperly. One existing method for eliminating 
the leading edge current spike is to place a low pass RC filter 
between the current sense element and the current sense 
input of the PWM controller. A filter is formed from passive 
components that have an attenuation effect over the entire 
signal that is greater over certain frequency levels than 
others. As such a filter can insert some distortion into the 
entire signal, though its primary effect is directed at spike 
reduction. FIG. 1 shows a sense or current sense signal. A 
with a leading edge spike. The waveform of the current 
sense signal A after it has been through an RC filter of the 
prior art is shown as waveform B. 
A second method used to avoid the problems of a leading 

edge spike in a current sense signal is called leading edge 
blanking. A circuit disables the current sense input for a 
predetermined time at the beginning of each switching 
cycle. FIG. 2 illustrates a current sense signal A with a 
leading edge spike and the output B of a leading edge 
blanking circuit. 

SUMMARY OF THE INVENTION 
The present invention for reducing the leading edge 

current spike in a sense or current sense signal is directed to 
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2 
controlling the slew rate of the current sense signal to 
impose a maximum slew rate. The slew rate may also be 
referred to as the slope. The slew rate limited current sense 
signal is provided to a switching regulator controller. The 
slew rate limited signal may be switched off and replaced by 
the original current sense signal following a predetermined 
time delay after the switched power device is switched on. 
An embodiment of the invention uses a transconductance 

amplifier as the controlled slew rate gain stage. A transcon 
ductance amplifier generates an output current that is pro 
portional to an input voltage signal. A charging capacitor 
connected to the output of the transconductance amplifier 
converts the current output of the transconductance amplifier 
into a voltage slope limited signal for input into the switch 
ing regulator controller. 
The present invention advantageously uses active com 

ponents to control the slew rate of a current sense signal. 
preventing it from exceeding a predetermined maximum. 
When the current sense signal exceeds the maximum slew 
rate the active components produce a modification to the 
signal at the maximum slew rate. While the slew rate of the 
current sense signal is less than the predetermined 
maximum, the active components make no change to the 
shape of the current sense signal waveform. 

Other objects and advantages of the present invention will 
become apparent during the following description of the 
presently preferred embodiments of the invention taken in 
conjunction with the drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a graphic illustration of a current sense signal 
waveform and a waveform modified by a low pass filter of 
the prior art. 

FIG. 2 is a graphic illustration of a current sense signal 
waveform and a waveform of a leading edge blanked current 
sense signal produced in accordance with a prior art method. 
FIG.3 is a schematic representation of a first embodiment 

of the present invention. 
FIG. 4 is a graphic illustration of a current sense signal 

and a modified current sense signal in accordance with the 
circuit of FIG. 3. 

FIG. 5 is a schematic representation of a second embodi 
ment of the present invention. 

FIG. 6 is a graph of a current sense signal waveform and 
a modified current sense signal in accordance with the 
circuit of FG. S. 

FIG. 7 is a schematic block diagram of a slew rate limiter 
of an embodiment of the invention implemented in a current 
mode controlled pulse width modulator. 

FIG. 8 is a schematic diagram of one embodiment of a 
transconductance amplifier for use in the circuit of FIG. 7. 

FIG. 9 is a schematic diagram of a time delay and logic 
control for a switch connected to a transconductance ampli 
fier in accordance with an embodiment of the invention. 

DETALED DESCRIPTION OF THE 
PREFERRED EMBODMENTS 

In accordance with an embodiment of the invention, the 
slew rate of a sense or current sense signal is controlled by 
use of the circuit of FIG. 3. A current sense signal CS is 
produced in a conventional manner by a current sense 
element coupled to the output of a switched power device. 
Again stage is inserted between the current sense signal and 
a current sense comparator 14 of a switching regulator 
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controller. The gain stage may be a controlled slew rate 
amplifier having a maximum slew rate, such as transcon 
ductance amplifier 12. Switching regulator controllers are 
also called switching converter controllers, or switching 
power supply controllers. A switching regulator controller 
may use any of a number of control methods including but 
not limited to pulse width modulation, frequency modula 
tion orphase modulation. The transconductance amplifier 12 
is arranged with its output feeding back into its inverting 
input. The non-inverting input of the transconductance 
amplifier 12 receives the current sense signal. The current 
sense signal typically has a meaningful voltage portion that 
is proportional to a current in a switched power device and 
may have an unwanted spike portion. Leading edge spike 
portions are commonly caused by output rectifier reverse 
recovery time and transformer parasitics. The transconduc 
tance amplifier converts the current sense signal into a 
current that is proportional to the voltage of the current sense 
signal with the exception that the transconductance amplifier 
implements a maximum slew rate on the signal. 
The output of the transconductance amplifier 12 is applied 

to a capacitor 16. In the presently preferred embodiment, the 
other end of capacitor 16 is connected to ground. The 
maximum slew rate set by the transconductance amplifier 
should be set so that it is no less than the highest anticipated 
rising edge of the meaningful portion of the current sense 
signal under normal operating conditions. The current from 
the transconductance amplifier 12 charges the capacitor 16. 
The voltage on the capacitor 16 is applied as a voltage signal 
to the current sense comparator 14 of the switching regulator 
controller. 
The waveforms in FIG. 4 provide an illustration of the 

slew rate limited current sense signal produced by the circuit 
of FIG. 3. Waveform A is a representative current sense 
signal with a leading edge spike. Waveform B shows the 
slew rate limit on the leading edge spike such that it will not 
prematurely trigger the current sense comparator 14. Once 
the effect of the leading edge spike is passed by, the slew rate 
limited current sense signal is the same shape as the current 
sense signal. Therefore, by limiting the slew rate of the 
current sense signal with a controlled slew rate, the current 
spike portion of the current sense signal is attenuated 
without attenuating or distorting the meaningful portion of 
the current sense signal. 

In accordance with a second embodiment of the invention 
shown in FIG. 5, a switch 18 may be connected to the 
switching regulator controller. The switch 18 offers a choice 
between the original current sense signal and the slew rate 
limited current sense signal. The switch 18 determines 
which of these two signals is input into the current sense 
comparator 14. Since the slew rate limit is normally only 
required during the very first portion of each switching 
cycle, the switch 18 may be controlled by a time delay 20. 
The time delay is counted from when the switched power 
device is turned on. Depending upon the circuit application, 
the length of a time delay may be set accordingly. A 
presently preferred time delay is 70 nanoseconds. As shown 
in FIG. 6 during the initial time delay period, the input to the 
current sense comparator 14 is slew rate limited. At the 
completion of the time delay, the signal switches to the 
current sense signal. Accommodation is made in the time 
delay 20 to discharge capacitator 16 before the next on cycle 
of the switched power device. 

Slew rate limiting of a current sense signal in accordance 
with the invention may be used in a current mode controller 
circuit as shown in FIG. 7. In accordance with current mode 
control, a feedback signal proportional to the voltage output 
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4 
of a switched power device 22 is compared with a reference 
voltage in an error amplifier 24. The output of the error 
amplifier is input to another comparator, this time a current 
sense comparator or pulse width modulator 14. 
Conventionally, a current sense signal is compared with the 
output of the error amplifier in the PWM 14. In accordance 
with the invention, a controlled maximum slew rate is used 
to reduce the leading edge spike in the current sense signal. 
The output of the comparator 14 is directed into a PWM 
latch 26. In the illustrated implementation, the latch 26 is an 
SR flip-flop. The output of the PWM 14 is input into the R 
input of the flip-flop. 26. An oscillator 28 provides the input 
into the S input of the PWM latch 26. The output of the 
PWM latch 26 turns the switched power device 22 on or off. 
In the illustrated implementation, the switched power device 
22 is shown driving a transformer 30. A current sense 
resistor 32 is used to monitor the output current through the 
switched power device 22. A current sense signal is required 
to complete current mode control. The current sense resistor 
32 produces a voltage signal proportional to the current 
produced by the switched power device 22 for use as the 
current sense signal. 

In accordance with an embodiment of the invention, the 
current sense signal from the current sense resistor 32 is 
input to a transconductance amplifier 12. The output of the 
transconductance amplifier 12 is connected to a capacitor 
16. A switch 18 selects between the slew rate limited current 
sense signal from the transconductance amplifier 12 and 
capacitor 16, and the original current sense signal. Logic 
circuitry may be used to control the operation of the switch 
18. Switch 18 connects to the original current sense signal 
after a predetermined time delay following a signal to switch 
on the switched power device 22. The original current sense 
signal may also be switched through switch 18 when the 
feedback signal to the error amplifier is lower than a 
predetermined threshold value which happens during over 
current or short circuit conditions. The time delay circuit 36 
and the logic circuit 38 will he discussed in greater detail 
with respect to FIG. 9. 

Slew rate control is preferably performed in a circuit 
containing active components. Active components can be 
arranged to perform slew rate limiting when a predetermined 
maximum slew rate is exceeded and to not alter the infor 
mation on the current sense signal when it is below the 
maximum slew rate. One embodiment of an arrangement of 
active components for controlling a slew rate to prevent it 
from exceeding a predetermined maximum is a transcon 
ductance amplifier as shown in FIG. 8. VREF1 is a constant 
voltage supply. A typical value for WREF1 is 5 volts. BIAS3 
is a voltage that controls in conjunction with the capacitance 
of capacitor 16 the maximum slew rate permitted by the 
transconductance amplifier. The transconductance amplifier 
produces a current in proportion to an input voltage except 
when the controlled maximum slew rate is exceeded. Slew 
rate control may also be provided by an operational ampli 
fier or other arrangements of active components to accom 
plish the slew rate limit objective. 
The control of switch 18 shall now be described in greater 

detail with respect to FIG. 9. The transconductance amplifier 
and capacitor 16 of FIG. 8 are represented by triangular 
block 40 in FIG. 9. When the power switching device 22 is 
switched on, the on signal (OUTPUT) from the switching 
regulator controller is used to turn of transistor switch 42. 
For a switching regulator controller such as the current mode 
control PWM of FIG. 7, the on signal may be provided by 
the PWM atch 26. With transistor switch 42 of the time 
delay set by an FET44 and a capacitor 46 begins. A constant 

Petitioner Hisense USA Corporation 
Exhibit 1010 - Page 7 of 10



5,663.667 
5 

current provided by FET 44 is allowed to flow onto capacitor 
46. When capacitor 46 is charged up to a high signal level, 
switch 18 provides the original current sense signal to an 
input of the PWM comparator 14. Once the switch takes 
place, transistor 48 is turned on to quickly finish charging 
capacitor 46 to insure hysteresis. Transistor 48 makes sure 
that once the capacitor 46 indicates that the predetermined 
time period has elapsed that the switch is turned on hard to 
avoidaringing situation. The values of the current from FET 
44 and the value of capacitor 46 are selected to achieve the 
desired time delay. 

Transistor switch 42 is switched on when the switched 
power device is disabled or switched off. Capacitor 46 is 
then discharged through transistor switch 42. The switch 18 
reconnects the switching regulator controller to the slew rate 
controlled current sense signal. This remains connected until 
the power switched device turns on and the time delay 
transpires, at which time switch 18 reconnects the switching 
regulator controller to the original current sense signal. 
Many current mode control circuits are provided with a 

soft start capability. A soft start is used when the control 
circuit is turned on. Soft start may be completed within the 
first 5 milliseconds of start up. Comparator 50 is used to 
identify when the supply voltage to the integrated circuit 
reaches 80% of its final full value. This is used to signal the 
completion of soft start. Once the soft start period has been 
completed, if the voltage feedback signal falls below a 
predetermined minimum level indicating that the power 
switched device is in a short circuit condition, switch 18 is 
caused to switch to the original current sense signal. Com 
parator 52 compares the voltage feedback signal with the 
predetermined minimum voltage reference. Logic gates are 
provided for achieving the desired result in controlling the 
switch 18. 
Of course, it should be understood that various changes 

and modifications to the preferred embodiments described 
above will be apparent to those skilled in the art. For 
example, the slew rate limited current sense signal may be 
useful in reducing the leading edge spike in a number of 
switching regulator controllers both the current mode con 
trol PWM's and the voltage mode control PWM's. Other 
arrangements of active components such as op amps with a 
maximum slew rate to reduce the leading edge spike to an 
acceptable level may be substituted for the transconductance 
amplifier. These and other changes can be made without 
departing from the spirit and scope of the invention and 
without diminishing its attendant advantages. It is, therefore, 
intended that such changes and modifications be covered by 
the following claims. 
We claim: 
1. A method of current sensing comprising: 
controlling switched power device with a switching regu 

lator controller; 
producing a current sense signal proportional to the 

current in the switched power device; 
providing a rising signal having a controlled slew rate 

rising from an initial voltage substantially equal to the 
voltage of the current sense signal when the switched 
power device is off; 

switching the rising signal into connection with the 
switching regulator controller when the switched 
power device is switched on; 

indicating a delay from when the switched power device 
is switched on; and 

switching off the rising signal to the switching regulator 
controller after the delay and providing instead the 
current sense signal to the switching regulator control 
ler. 
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2. A circuit comprising: 
a switching regulator controller for switching a switched 
power device alternately on and off; 

a switch connected to said switching regulator controller 
for selecting to connect said switching regulator con 
troller to either of a current sense signal having a 
voltage proportional to a current in the switched power 
device or a rising signal having a controlled slew rate; 

a timer for measuring a predetermined time delay after the 
switched power device is switched on; and 

means for causing said switch to select the rising signal 
when said switched power device is switched on and 
for causing said switch to change selection to the 
current sense signal after the predetermined time delay 
whereby the rising signal replaces a leading edge of the 
current sense signal. 

3. The circuit of claim 2 wherein said switching regulator 
controller comprises a current mode control pulse width 
modulator for comparing the signal from said switch with an 
error reference signal wherein the rising signal does not 
cross the error reference signal and thus does not trigger said 
switching regulator controller. 

4. A circuit comprising: 
a switching regulator controller for switching a switched 
power device alternately on and off; 

a switch connected to said switching regulator controller 
for selecting to connect said switching regulator con 
troller to either of a current sense signal having a 
voltage proportional to a current in the switched power 
device or a rising signal having a controlled slew rate; 

delay means or indicating a delay after the switched 
power device is switched on; and 

means for causing said switch to select the current sense 
signal after the delay and for causing said switch to 
change selection to the rising signal when said switched 
power device is switched on whereby the rising signal 
replaces a leading edge of the current sense signal. 

5. The circuit of claim 4 wherein said switching regulator 
controller comprises a current mode control pulse width 
modulator for comparing the signal from said switch with an 
error reference signal wherein the rising signal does not 
cross the error reference signal and thus does not trigger said 
switching regulator controller. 

6. A circuit comprising: 
a comparator having two inputs and an output for switch 

ing a switched power device alternately on and off, one 
of the two inputs receiving an error reference signal; 

a switch connected to an other of the two inputs of said 
comparator for selecting to connect said comparator to 
either of a current sense signal having a voltage pro 
portional to a current in the switched power device or 
a rising signal having an initial voltage substantially 
equal to the voltage of the current sense signal when the 
switched power device is off; 

delay means or indicating a delay after the switched 
power device is switched on; and 

means for causing said switch to select the current sense 
signal after the delay and for causing said switch to 
change selection to the rising signal when said switched 
power device is switched on, the rising signal not 
crossing the error reference signal so that said com 
parator is not triggered while the rising signal is con 
nected to the other input of said comparator. 

7. A circuit comprising: 
a gain stage having a controlled slew rate, connected for 

receiving a current sense signal including a meaningful 
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portion proportional to a current in a switched power 
device and a current spike portion and for generating an 
output, the maximum slew rate of said gain stage being 
set so as to attenuate the current spike portion without 
attenuating the meaningful portion of the current sense 
signal; 

a switching regulator controller connected to receive the 
output of said gain stage and to control the switched 
power device; and 

a switch connected to said switching regulator controller 
for selecting between directly receiving either the out 
put of said gain stage or the current sense signal. 

8. The circuit of claim 7 further comprising time delay 
means for causing said switch to change selection from the 
output of said gain stage to the current sense signal after a 
predetermined time delay after the switched power device is 
switched on by said switching regulator controller. 

9. A method of current sensing comprising: 
controlling switched power device with a switching regu 

lator controller; 
producing a sense signal proportional to the current in the 

switched power device; 
limiting the slew rate of the sense signal to produce a slew 

rate limited sense signal having a slew rate that is 
prevented from exceeding a predetermined controlled 
slew rate; 

providing the slew rate limited sense signal to the switch 
ing regulator controller; 

measuring a predetermined time delay following switch 
ing on the switched power device; and 

switching off the slew rate limited sense signal to the 
switching regulator controller after the predetermined 
time delay and providing instead the sense signal to the 
switching regulator controller. 

10. A circuit comprising: 
a gain stage connected to receive a current sense signal 

having a voltage proportional to current in a switched 
power device, said gain stage generating an output 
current proportional to the voltage of the current sense 
signal; 
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a capacitor coupled to said gain stage so as to be charged 
by the output current; 

a switching regulator controller having an input connected 
to said capacitor and an output for controlling the 
switched power device; and 

a switch connected to said switching regulator controller 
for selecting between the voltage on said capacitor and 
the current sense signal. 

11. The circuit of claim 10 further comprising a timer for 
measuring a predetermined time delay after the switched 
power device is switched on and means for causing said 
switch to change selection from the voltage on said capacitor 
to the current sense signal after the predetermined time 
delay. 

12. A circuit comprising: 
means for receiving a current sense signal having a slew 

rate; 
active components, coupled to said receiving means, for 

producing a modified current sense signal, said active 
components being arranged to set the modified current 
sense signal at a predetermined maximum slew rate 
whenever the slew rate of the current sense signal 
exceeds the predetermined maximum slew rate, so as to 
produce modified current sense signal; 

a switching regulator controller connected to receive the 
modified current sense signal and having an output for 
controlling a switched power device; and 

a switch connected to said switching regulator controller 
for selecting between the modified current sense signal 
and the current sense signal for input to said switching 
regulator controller. 

13. The circuit of claim 12 further comprising time delay 
means for causing said switch to change selection from the 
modified current sense signal to the current sense signal for 
input to said switching regulator controller after a predeter 
mined time delay following a signal to the output for said 
switching regulator controller switching on the switched 
power device. 
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