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Introduction

In power converters and other devices, the spread-
spectrum feature converts a narrowband signal into a
wideband signal while maintaining device functionality.
The conversion of harmonic peaks into a flat smoothed
response and the blending of harmonic energies into one
another improves operating conditions by reducing
electromagnetic interference (EMI) results for both the
device and associated system.

Spread spectrum can reduce the peak envelope on a
peak and average EMI sweep by as much as 10 dBjV,
which enables designers to choose a smaller-size and less-
expensive input EMI filter. This article describes the
process adopted by chip designers to achieve spread spec-
trum in a buck converter and how it can be extended to
other systems. Also covered are the most common modern
spread-spectrum implementation methods and their pros
and cons.

The first question is, where does the EMI come from in
a buck converter? A buck converter converts power when
its switch node switches between connecting to the input
voltage (Vin) and connecting to ground (GND) at a high
frequency. The duty cycle sets the average voltage on the
switch node to be equal to the chosen output voltage. This
switch node is fed through a low-pass inductor-capacitor
filter that provides the DC output. Most buck converters

switch at a fixed frequency (fsw), which generates EMI at
that frequency and its harmonics (n x fgw). The distinct
peaks from the fundamental frequency and its harmonics
are at risk of violating the maximum allowable EMI emis-
sion at those frequencies.

In Figure 1, the switching frequency (fgw = 2.1 MHz) is
constant over time. The output ripple is flat; the very low-
frequency EMI sweep shows the noise floor, the low-
frequency EMI sweep shows the sharp peak fundamental
frequency and the following harmonics, and the high-
frequency EMI sweep shows the higher harmonics. The
red lines in Figure 1 represent the limit lines for a typical
EMI test.

In a spread-spectrum buck converter, fgy is dithered so
that the device switches at a range of frequencies. For
example, if a device switches at 1 MHz with +5% dither-
ing, the fundamental frequency emission will spread the
energy between 0.95 MHz and 1.05 MHz, or 50 kHz above
and below the center frequency. The second harmonic
spreads between 1.90 MHz and 2.10 MHz, or 100 kHz
above and below the center frequency. For this example,
at the 10th and higher harmonics, the spreads begin to
blend into one another and the peaks have turned into a
flat energy-averaged waveform, which is often as much as
10 dBuV lower than the tops of the sharp peaks without
spread spectrum.

Figure 1. Fixed-frequency performance without spread-spectrum
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The following description covers two of the most
common spread-spectrum implementation methods,
followed by two additional improved methods.

1. Triangular modulation method

The triangular modulation method adjusts fgw up and
down in a triangular shape. The typical spread is +4% to
+10% (Afgw) with a modulation frequency of 4 kHz to 15
kHz (f,,). See Figure 2.

Pros
This method is simple and easy to understand and imple-
ment. The continuous ramp-up and ramp-down ensure
that there are no consecutive switch cycles of the same
frequency, which will cause a spike at that frequency and
its associated harmonics. Triangular modulation also does
a great job of spreading the energy evenly away from the
center frequency, creating a mostly flat band of energy
with only some peaking at the end of the band (peaking
not shown in Figure 2). Spread spectrum spreads the
fundamental frequency as well as the higher harmonics.
Spreading the fundamental frequency will reduce its
amplitude, enabling designers to choose a lower-cost input
EMI filter. The lower fundamental requires less inductance
and capacitance in the input LC filter to stay below the
EMI test limit lines. Using triangular modulation ensures
that this fundamental frequency spread is reasonably flat
and evenly distributed. Other methods may more heavily
weight the center frequencies or end frequencies, which
can result in less attenuation at the fundamental
frequency and early harmonics.

Figure 2. Triangular modulation spread-spectrum performance
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Cons
To avoid excessive overlaps from beat frequencies, the
triangular modulation frequency (f,) must be slow enough
to ensure multiple switching cycles per ramp-up and
ramp-down. But the higher-frequency EMI sweeps spend
very little time measuring the EMI per data point. A slow
ramp-up or ramp-down can result in the EMI sweep
measuring only a small fraction of this ramp-up/-down,
which would show up as a less-spread emission, effectively
reducing Afgy. Slow ramping is a bigger issue for discrete
triangular modulation, where the ramp-up and ramp-down
are actually stair steps, switching more than once per step.
Another drawback is that the output voltage and input
voltage acquire a ripple at the triangular modulation
frequency. This is caused by two factors. The first factor
comes from the amplitude modulation of the inductor
current ripple. A lower switching frequency results in a
larger inductor current ripple and vice versa, creating
a voltage ripple on the input at the triangular modula-
tion frequency, f;,. The second factor is the interaction
between this amplitude-modulated inductor current with
the control scheme—usually peak or valley current-mode
control. The change in inductor current amplitude will
shift the average inductor current up and down, causing
a voltage ripple on the output voltage as well as the input
voltage. This frequency is also f;, and is often in the
audible range, which can create an audible tone if very-
low frequency noise interacts with any sound-generating
circuitry, such as an audio amplifier, or even a ceramic
capacitor on a poorly mounted printed circuit board.
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2. Pseudo-random modulation method

The pseudo-random modulation method adjusts fgw up
and down pseudo-randomly (programmatically generated
but essentially random). Some implementations limit the
maximum step size to prevent the frequency from jumping
too far and causing too much disruption in normal opera-
tion. The typical spread is +3% to 6%, and the frequency
usually changes every switch cycle. In Figure 3, notice
that the time scale of the waveforms are in microseconds
(as opposed to milliseconds for the other schemes) since
the switching frequency changes every switch cycle.

Pros

Note that fgyw can change widely in a short period of time,
which can help avoid the issue of the EMI sweep scanning
only a small portion of the spread. This wide jump results
in great high-frequency performance. The very low-
frequency EMI is distributed randomly, which means that
the EMI on the output and input will not generate a tone if

Figure 3. Pseudo-random modulation spread-spectrum performance
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coupled into sound-generating circuitry. The EMI is still
there but it is spread, yielding more of a white-noise sound
versus a single tone like the triangular modulation method.

Cons

Depending on the frequency distribution and implementa-
tion, the fundamental (and early harmonics) energy may
not be well distributed. This scattered energy can result in
sharper and taller emissions at these frequencies and the
inability to notably reduce the size and cost of the input
EMI filter versus using the triangular modulation method.
Another drawback is the possibility of repeating codes
caused by the digital nature of the pseudo-random
pattern. If the random generator ends up switching at the
same frequency for multiple cycles, it will appear as if
spread spectrum is off for that time. Ensuring that there
are no repeating codes in the implementation, using a
large number of distinct steps, or implementing truly
random analog steps can help avoid the perception that
spread spectrum is off.
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3. Adding spread spectrum to spread spectrum

Triangular and pseudo-random techniques work to elimi-
nate inherent switching peaks, but have non-idealities
which let some peaks through or cause additional noise
and peaks due to the modulation discussed earlier. Adding
spread spectrum to spread spectrum will help reduce or
eliminate these unwanted peaks and noise. To begin, start
with the triangular modulation method, but add modula-
tion to the triangular modulation. This addition will cause
the triangle frequency (f,,) to change over time, which will
spread the audible noise spike from a tone to noise. On
top of that waveform, a bit of pseudo-random modulation
is added as shown in Figure 4.

Figure 4. Adding spread-spectrum to spread-spectrum performance
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Pros

Low-frequency audible noise will spread from a tone to
noise from the modulated triangle and pseudo-random
modulation. The fundamental and early harmonics spread
evenly with the triangular modulation method, which can
reduce the size and cost of the input EMI filter. High-
frequency harmonics spread because of the additional
pseudo-random modulation.

Cons

This method is more complicated and harder to imple-
ment. Even though the low-frequency noise spreads, it is
still present and can induce noise (such as white noise) in
sound-generating circuits.
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Figure 5. Dual-random spread-spectrum performance
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4. Dual-random spread spectrum

Dual-random spread spectrum is exactly the same as
adding spread spectrum to spread spectrum but with one
addition—low-frequency ripple cancellation. This method
adds some communication between the spread-spectrum
modulator and the peak or valley current-control circuitry
to preemptively adjust the peak or valley current
command values to cancel the noise associated with
spread spectrum, as shown in Figure 5.

Pros

This method eliminates the very low-frequency output
voltage ripple and the associated input voltage ripple.
Audible noise is eliminated from the output and greatly
reduced on the input.

Cons
It may require a resistor to tune the cancellation based on
operating conditions, depending on the device.

Conclusion

Spread spectrum is an excellent feature that can greatly
improve EMI results with little to no effect on other
system operations. The four methods described in this
article each have their own benefits and drawbacks, but
techniques continue to improve as designers learn more
about spread-spectrum optimization. With this knowledge,
specific design requirement can be matched to particular
methods that take full advantage of all that spread spec-
trum has to offer.
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