
By FREDERIK DOSTAL, 
Field Applications Engineer

A
lmost every power supply has a control loop 
to maintain the output voltage at a constant 
value. In the design of a power supply, the 
aim is to optimize the control loop so that 

if the input voltage or load transients experience fluctuations, 
the deviations in the controlled output voltage from the set-
point are minimized. 

An important relationship in this case is the size of the 
output capacitors in relation to the response speed of the 
switching regulator IC. If the loop’s response is particularly 
fast, smaller output capacitors can be used while keeping the 
output voltage within the permissible range. Thus, optimi-
zation of the switching regulator’s response speed reduces 
system cost as well as the space requirement for the circuit 
because smaller output capacitors can be used.

With most switching regulator ICs, there’s a compensa-
tion pin, frequently called ITH or VC, for control-loop ad-
justment. With skillful selection of capacitances and resis-
tances, poles and zeros can be added to the transfer function 
of the control loop to ensure optimal dynamic performance 
and high control-loop stability. But how are these compen-
sation components selected?

Three approaches can be taken:
1. Manual calculation with data gleaned from the data-
sheet

The first method uses the calculation formulas in the data-
sheet for a switching regulator IC. A stabilization concept is 
proposed in consideration of one selected power stage. Fig-
ure 1 shows an LTC3311 IC with the corresponding ITH pin 
and suitable compensation components.

2. Use a design tool
The second way to find a suitable transfer function set-

ting involves using a design tool such as LTpowerCAD to 
calculate the external components. This approach provides 
additional insight into the control loop response. 

Figure 2 shows the LTpowerCAD user interface with a 
graphical representation of the control loop in a Bode plot, 
as well as the response of the output voltage to load tran-
sients in the time domain. The ITH setting values can be 
comfortably varied, and an optimal setting can be found 
with this method.

There’s a saying from Goethe that “all theory is gray.” In 
practice, parasitic components should be accounted for and 
checked before development transitions to mass production. 

The compensation components that have already 
been selected are connected to the ITH pin. In ad-
dition, load transient tests are performed to check 
whether the voltage change at VOUT is within the 
permissible range and whether the voltage con-
verter is working in a stable manner.

This hardware test only checks one setting op-
tion for compensation. However, it’s possible that 
the setting can be optimized with slightly modi-
fied values. To find this out, all kinds of soldering 
work has to be done on the hardware because the 
external components must be changed with new 
values to find the optimal compensation compo-
nent combination.

3 Options for Optimizing Power-
Converter Control Loops
By applying any of the three methods discussed in this article to optimize the compensation 
of a switching regulator, compensation of any power supply is possible.

1. An LTC3311 switching regulator IC with an ITH pin for adjustment of control-loop 

speed and stability.
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3. The elegant approach: Using a preconfigured RC net-
work

Figure 3 shows a third, elegant way to solve this problem 
using a preconfigured RC network. The LB013A board from 
Analog Devices is a small circuit board on which a simple 
switchable and adjustable RC network is implemented. 

The total capacitance and resistance values can be changed 
through actuation of small switches and rotation of potenti-
ometers. The laborious soldering of compensation modules 
is done away with and the compensation setting can be op-
timized in real-time during a load transient test. A circuit 
board such as the LB013A is easy to make, but it also can be 
purchased from the company.

By applying any of these three methods to optimize the 
compensation of a switching regulator, compensation of any 
power supply is possible.
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2. LTpowerCAD can be used to select the compensation components and optimize the control loop.

3. Optimization of the compensation components with an LB013A 

board from Analog Devices.
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