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Figure 1: Boost converter with current-mode control. The green components
show the current feedback; without these, the control is voltage-mode.

nant filter frequency, the ability to cur-
rent share with multiple power stages,
simplified compensation design, and in-
herent peak current limiting. The control
is also optimum when operating in either
continuous- or discontinuous-conduc-
tion mode, and there is no problem in
operating the converter in both of these
regions.

Designing with Current-Mode
Control

While the analysis of current-mode
control is quite complex to understand,
the design process is quite simple.
Much simpler, in fact, than voltage-
mode control, and this is one of the
reasons that current-mode control is so
popular today.

Figure 1 shows the current-mode
feedback system. The inductor current,
or switch current, is sensed and com-
pared to a voltage reference to set the
duty cycle of the converter. A sawtooth
ramp is added to the signal to stabilize
the current loop if duty cycles ap-
proaching 50% are used.

Closing the current loop is straight-
forward. A current transformer, or sense
resistor, is used to generate a voltage
signal proportional to the actual current
in the switch. The only requirement on
the design of this network is that the
resulting signal should not exceed the
voltage headroom available in the PWM
comparator. You do not have to think

about the gain of the current loop, or
resulting transfer functions at all during
this phase of the design.

It is an interesting feature of the
current loop that, regardless of how
large you make the gain of the current
sensing network, the current loop gain
remains constant. This is because the
PWM modulator gain, which is part of
the current loop, is determined by the
reciprocal of the slope of the sensed
current. The higher the current gain, the
lower the gain of the modulator. The two
effects exactly cancel each other.

Once the current sense network is
selected, you must decide whether you
need to add a compensating ramp to
the system. This is usually done for con-
verters which will operate at duty cycles
above 40%. Further details are given in
[1]. Addition of the compensating ramp
provides independent control of the
PWM modulator gain. This stabilizes the
tendency of the current feedback to os-
cillate at duty cycles approaching 50%.

Boost Converter Current-Mode
Software

Software is available for download
that allows you to predict the small-
signal response of your boost converter
with current-mode control. After entering
your power stage values and switching
frequency, you can design the current
loop parameters of current gain, and
compensating ramp value. The software
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will help you choose the proper values.
Once this is done, the transfer function
gain and phase of the power stage is
plotted for you, and the resulting poles
and zeros given.

The software is designed to run under
either Excel 2007 or Excel 2003. Make
sure when you open the software that
the macro features are enabled in order
to use the program properly. Please go
to www.ridleyengineering.com to down-
load the software.

Summary

If you work with a boost converter, it is
advisable to use current-mode control.
While the analysis is complex, the soft-
ware tool made available with this article
will help you design the current loop
properly and show the transfer functions
of the converter. Remember, however,
the results of any power supply trans-
fer functions should always be verified
by measurement. Power systems are
frequently dependent on circuit compo-
nent parasitics that can be unpredict-
able, and can also be impacted by noise
and improper board layout. Experimen-
tal verification® is an essential step for
a rugged design, and should never be
omitted.

References

1. “A New Small-signal Model for
Current-Mode Control”, Raymond B.
Ridley, 1990 PhD dissertation, free down-
load is available at www.ridleyengineer-
ing.com/cmode.htm

2. “Measuring Frequency Response,
Tips and Methods” http://www.ridleyen-
gineering.com/downloads/Spring 2002
feature.pdf

July/August 2008





