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A Bode Diagram to
Display a Control Loop

Testing a power supply at different load currents and different input voltages is
important, but it only shows part of the truth. A Bode plot can reveal the rest.
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For dynamic evaluation of a power supply, the output volt-
Power Supplies Face Fluctuating Load Currents and age generated can be checked at different load transients and
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Figure 1 shows a block diagram of a power supply (the Typically, the output voltage under different conditions is
LT8642S) with a load transient and input voltage changes. displayed on a curve (Fig. 2). The load current at the output
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For example, it can be difficult to get
a clear sense of whether the behavior of the output voltage
curve is mainly determined by the size of the output capaci-
tance, or by the speed of the control-loop transfer function.
A slow control loop can be partly compensated for with ad-
ditional output capacitors.

Also, a load transient test doesn’'t provide clear informa-
tion about the stability of a control loop. A measurement, as
shown in Figure 2, can come from a control loop, which is
barely stable and slips into instability with a slight parameter
change. This can be caused by the tolerance range of com-
ponents, temperature effects, and slightly altered operating
conditions. Then, the output voltage generated would no
longer be kept at a fixed value. Instead, the output voltage
would oscillate with a large amplitude.

However, the voltage curve in Figure 2 can also come from
a power supply that offers a high stability margin. Here,
slight changes in the circuit, as outlined above, would not
lead to an oscillation.

The Benefits of a Bode Diagram

Figure 3 shows a Bode diagram of the power supply from
Figure 1. Here, the speed of the control loop is visible from
the point at which the gain (the red curve) crosses the 0-dB
line. The higher the crossover frequency, the faster the con-
trol loop. Usually, a 0-dB crossover frequency between one-
tenth and one-fifth of the switching frequency is targeted.

A crossover frequency of about 100 kHz is shown in Fig-
ure 3. In addition to this frequency, DC gain (the gain at
low frequencies) also has an influence on the speed of the
control loop. The higher this gain, the faster the control loop

3. A Bode diagram provides detailed insight into the control-loop behavior of a
power supply. (Credit: Analog Devices)

appears.

In addition, a Bode diagram lends insight into the stabil-
ity margin of a power supply. At the frequency of the 0-dB
crossover, the phase offset, also known as the phase margin,
can be seen in the blue curve. In the example, this phase
margin is about 59°. A phase margin greater than 45° is con-
sidered to be stable.

Neither the speed of a control loop nor the stability of a
power supply can be figured out directly through a load-
transient test alone. Consequently, Bode plots provide vital
information about the behavior of a control loop.
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