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load resistance (light load is better than heavy load). The 
bandwidth of the control feedback loop is restricted to 
about 1/5th the RHP zero frequency.

In discontinuous conduction mode, the resonant fre-
quency of the filter is eliminated from the control char-
acteristic, as predicted by the switch model in[5]. This 
simplifies the control loop design, but higher power boost 
converters are usually designed to operate in CCM for effi-
ciency reasons.

Boost Converter Voltage-Mode Software
Software is available for download that allows you to 

predict the small-signal response of your boost converter 
with voltage-mode control. After entering your power 
stage values and switching frequency, the transfer func-
tion 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 http://www.ridleyengineer-
ing.com/freesoftware.htm to download the software.

Summary
The boost converter is an essential topology for step-

ping up the input voltage, and is applied in many areas 
of power conversion. This includes dc-dc converters, 
lighting applications, power factor correction circuits, 
battery discharging circuits, and many other applications. 
It is a good topology, but care and time must be taken to 
properly design the control loop. The inductor should be 
chosen carefully for a controllable power stage RHP zero 
characteristic. As with all converters, measurement [2] is 
essential to ensure a stable and rugged product.
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and phase of the RHP zero. At heavy 
loads, the RHP zero frequency is the 
lowest, and the phase delay is the 
greatest. At light loads, the RHP zero 
frequency is higher, and the converter is 
easier to control. 

The operation of the boost converter 
also causes a shift in the resonant 
frequency with input voltage, as can be 
seen from the control equations. Figure 
3 shows how the characteristics of the 
boost converter can vary dramatically 
with a wide input voltage.

 
The general rule of thumb for con-

verters with RHP zeros is to design at 
the lowest input line and the maximum 
load. This causes the lowest value 
of RHP zero, and the lowest value of 
resonant frequency. However, when 
using voltage-mode control, the moving 
resonant frequency can create prob-
lems at different operating points, and 
the whole range of operation should be 
carefully checked with both prediction 
and measurements.  

More equations are created when 
the boost converter operates in dis-
continuous-conduction mode (DCM). 
These are not given in this article, 
but the free software provided for the 
boost converter will automatically as-
sess which mode of operation your 
converter is in, and provide the proper 
transfer function.

Important Characteristics
There are several important points to 

remember about the boost converter 
operating in continuous-conduction 
mode:

1. There is a double pole at the 
resonant frequency of the LC filter. The 
frequency of this double pole will move 
with the operating point of the converter 
since it is determined by the equivalent 
inductance of the circuit, and this is a 
function of duty cycle. At low line, the 
resonant frequency has its lowest value.  

2. As with all switching power sup-
plies, there is a zero in the control-to-
output transfer function corresponding 
to the ESR of the output filter capacitor. 

3. The boost converter has a right-
half-plane zero which can make control 
very difficult. This RHP zero is a function 
of the inductor (smaller is better) and the 

Figure 2: Effect of changing loads on the control characteristic of the boost 
converter.

Figure 3: Effect of input line variation on the control characteristic of the boost 
converter.
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