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Spectrum of a Traditional Switched-Mode

Power Supply (SMPS)




Spectrum of a Traditional SMPS
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Spectrum of a Traditional SMPS
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Spectrum of a Traditional SMPS

Generally, the spectrum of a switched-mode power supply (SMPS) shows the switching frequency (fg,,) and all
harmonics.
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Spectrum of a Traditional SMPS

The power of the harmonics decreases with the frequency, and the noise level is about 300MHz to 700MHz
depending on the switching frequency.
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What Exactly Influences the Spectrum of an SMPS? And How?

Let 6s expl ore

A Input voltage
A Duty cycle
A Switching frequency
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Spectrum of a Traditional SMPS

Changing the input voltage from 13.5V to 27V.:
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Spectrum of a Traditional SMPS

Changing the duty cycle (means changing the DC output voltage):
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Spectrum of a Traditional S

Increasing the switching frequency will
Changing the frequency LF: increase the EMC Emissions for each specific

frequency, where the harmonic will stand.
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Spectrum of a Traditional SMPS

Changing the frequency HF: e
Double the switching frequency leads to a

; increase of the EMC Emissions of 6dB
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Spectrum of a Traditional SMPS

Increasing the frequency means

. . . 500kHz 500kHz
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Theory behind Frequency Spread Spectrum (FSS)




EMI Receiver Block Diagram
\L> Preselector

Resolution Bandwidth (RBW) Filter

IF Filter +
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:

Because the RBW filter is before the
demodulator in this process, and therefore the
part creating power out of the signal, this is the
spot where frequency spread spectrum (FSS)
has the most impact on the EMI receiver
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EMI Receiver Spectrum Measurement

The RBW moves with constant frequency change through the selected frequency span from the starting
frequency to the stopping frequency.

Typically there are three RBWSs:
A 9kHz (Mostly used in lower frequency ranges, up to 30MHZz)

A 120kHz (Mostly used in mid-frequency ranges, between 30MHz and 1GHz)
A 1MHz (Mostly used in high-frequency ranges, >1GHz)
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Potential to Hide Energy of the Spikes
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Potential to Hide Energy of the Spikes
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Potential to Hide Energy of the Spikes

The energy that <can

in the frequency band.

The maxi mum attenuat.
white noise) can be calculated with the equation below:
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Convert the Spikes into FSS

To convert the spikes from a switched node in the spectrum to white noise (or at least into an FSS signal),
the frequency mustdither around its original frequency.

But how does one dither around the original frequency?

Lower Band Edge T Upper Band Edge

Center Frequency
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Limitations of FSS

Case 1.
FSS Iis too nsl owo
0dB .
-8dB AN T
Lower E;and Edge T Upper Band Edge
Center Frequency
4
| f the carrier frequency

inside the bandwidth of the RBW filter,
there will be no attenuation.

Case 2:
Amplitude is too small

lwidth

Lower Band Edge T Upper Band Edge

Center Frequency

I§theLgrrer fraqueney changeigteo
small to reach the lower or upper band

edge, the attenuation of the original

carrier will be 0!



Convert the Spikes into FSS

To reach a certain attenuation, the frequency must pass the bandwidth faster than
the settling time of the bandpass filter.

This settling time can be calculated with —

YO wQO% YQoo«xnuﬂap— PPpPAI

w Q0a
YO w QDI QO 0 & Va —— A i | |
p C T[ ) p c T[ Q O G l LowerEBand Edge T Uppeerand Edge
i Center Frequency
p , ; '
YO W p i Q@O¥QO Ounﬁm&nnnh"&ﬁm 4 Bandwidth g
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Convert the Spikes into FSS

As the settling time decreases with the bandwidth, the speed of the frequency change must be in square to

the RBW:
‘ol Or ,.émf,é)ffo. YO w YO w N ¢
N0 803 QO oG Q™ P 0w

YO w

120KHz

This leads to the fact that the frequency change must be faster than:

A 9kHz RBW A Settling Time = 111us A 81MHz/s
A 120kHz RBW A Sellting Time = 8.33us A 14.4GHz/s

A 1000kHz RBW A Settling Time = 1ps A 1THz/s m‘:_c.



Convert the Spikes into FSS

When moving around the original fg,, of an SMPS, the method to modulate a spread spectrum signal is
called frequency modulation (FM).

unmodulated signal

TN TN
) / N / N
Frequency Modulation: FM / N yé N y
N / N /
\\\_// \\\_//
Modulation Depth: Yo Q Q
. .. o y
Modulation Index*: Q — H
’Q U
R
, — Fundamental Frequency E
* The modulation index indicates how much the modulated signal varies around its ——  Frequency Modulation (FM)

E— FM-Modulated Signal

b o o e e e e e e e e e e e e e e e e e e e e e



Convert the Spikes into FSS

According to the Bessel functions of the first kind, the modulation index indicates how much of the carrier

frequency power is transferred to the sidebands.

In general, high modulation frequencies lead to a
smaller carrier frequency amplitude.

There are some modulation index points at which the
carrier frequency becomes 0.

Increase the frequency span

o We canét go to infinity (SMF

o R
"0b

Decrease the FM

0.87

0.67

0.47

J_n(x)

Bessel functions of the first kind

—_0fK)
—_— 1K)

1_2(k)
—_— 3K
—_— ] k)
— 1.5(k)

If this becomes too low, it violates the settling time criteria and the attenuation becomes 0!




Convert the Spikes into FSS

i.e. Freqguency Modulation = 10kHz
Modulation Depth = 10kHz
FM Modulation on the Fundamental Frequency

p T QOa o T Q0a
o T QO 0 T QOQ

Fundamental Frequency 2fsw
1:SW

High harmonics will automatically achive a high modulation index

3fsw




Waveform of the FM?

To achieve a good attenuation, it is important to have a constant frequency change as well as a
repetitive signal.
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Modulation Waveforms

To achieve a good attenuation, it is important to have a constant frequency change, as well as a repetitive
signal.

Therefore, different waveforms can be used for FM:

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Frequency
| g change will go
to infinity
fun | ;

This can lead to problems with the

FM | SMPS control loop! mps

A
\4




Modulation Waveforms

To achieve a good attenuation, it is important to have a constant frequency change, as well as a repetitive
signal.

Therefore, different waveforms can be used for FM:

A smaller
_ frequency change
can help keep the
/ control loop stable




Modulation Waveforms

To achieve a good attenuation, it is important to have a constant frequency change, as well as a repetitive
signal. Therefore, different waveforms can be used for FM:
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15kHz and 120kHz Modulation

RTM3004; 1335.8794K04; 106703 (01.700 2021-11-11)

N 0T QR w & £

Undo Delete Zoom FFT Annotation

Auto
8.2V 500 MSa/s

20 ps/
Os

Complete

At: 67 ps

1/At: 14.9254 kHz

200 kH 1
Math IFREQ((1)ZI£ He

Measured with MPQ4371GVE-0000-AEC1 and 011 Frequency Spread Spectrum

2023-05-16
13:26

Cursor

| )

N 0 Q@ w &

Undo Delete Ioom FFT Annotation

£

Setup

Auto
82V 500 MSa/s

20 ps/
Os

Complete

-80 us -60 ps

t2: 244 ps At: 8.6 ps

1/At: 116.279 kHz

200 kH Ll
Math et z.': H

2023-05-16)
13:2]

? Help

Display




Benefits of Practical Measurements on Real Boards




Measurements
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Measurements
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of ADual FES
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= The MPQ4371-AEC1 with 15kHz FSS and a £ 10% span (blue trace)
The MPQ4371-AEC1 with dual-FSS: 15kHz FSS and a £ 6.2% span, and 120kHz FSS with a £ 2.5% span (yellow trace) mps
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Practical Measurements with EMI Receiver




What Is the Effect on the Measurement Recelver?

Carrier Frequency = 500kHz

qf = 20% A 100kHz
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What Is the Effect on the Measurement Recelver?

Carrier Frequency = 500kHz

qf = 20% A 100kHz

FM A 9kHz

Modulation Waveform: Triangle
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What Is the Effect on the Measurement Recelver?

Carrier Frequency = 500kHz FM A 120kHz
of =20% A 100kHz Modulation Waveform: Triangle
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Limitations of Frequency Spread Spectrum




What Is the Effect for the End User?

Carrier Frequency = 500kHz
of = 20% A 100kHz

FM A 120kHz

100MHz to 104MHz
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What Is the Effect for the End User?

Depending on the inductance and the output capacitors, FSS can add a high voltage ripple to the output.

MPQ4323: fg,, = 470kHz, V= 13V, Vo1 = 5V, lgy7 = 1A

Auto 50ps/ Complet
208 hiSafs 22 ps High Res.

_ ; 1335.6784K04; 106703 (01700 2021111
s Auto 50 ps/ Complete ~ “73] it a Auto S0ps/ Complete. | %2
5V 2.5GSafs 422 ps Sample 3 3 Dele 3 - = } 2.5 GSafs 2ps Sample

Bl f:478.5kH: B Vpp:75.6 mV
[

[ f:399.086 kHz E Vpp: 4783 mV
6 M
10y XK 20my. X

10v/ E“f;; 20mif o

L= 2.2uH, Coyr = 2X 22F 1210 L = 2.2uH, Coyr = 4X 22F 1210 L = 470nH, Coyr = 4X 224F 1210
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How to Implement FSS

15t A Buy an SMPS that has FSS

e.g. MPQ4320 Series
or MPQ4340 Series

Most of the time, the development of the ECU is mostly
finished and changing the SMPS will influence many
technical parameters, as well as the timing of development.

2nd A If you have an SMPS with a frequency pin, it is possible to add an external
FSS to only that pin.
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How to Implement FSS

2nd A If you have an SMPS with a frequency pin, it is possible to add an external
FSS to only that pin A e.g. MPQ4430

U.12V Hyst

/_SYNCO\

Here, the frequency pin (FREQ)
has: 480mV @ 500kHz

A We want to have a modulation
depth of 20%

A This means we have to change
the voltage on FREQ about
120mV

A 60mV
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Calculating the Values

To get a very quick idea of the size of your components without spend hours of work solving complex

differential equations, use the (very, very rough) equation below:

If Xc1 << R2, this current flows into C1

With: 'Y¢ p ® R1 I
00 QO
YY pgmdao () Ul = +2.5V | —ei |
@ D p TN
¢z0 @002 p

6p p X YQ& Q@paTai o

If R1 >> R2||C1, R1 defines the main current of the circuit

mes



Calculating the Values

If R1 >> R2||C1, R1 defines the main current of the circuit

— . Yp, P
Y'Y O.,ZO Yo CZ Ov
op op
Yp ppuUMm® YQ& QporitE &

R1

> Ul = +2.5V

A=

_C1

~

U1 must be calculated with 2.5V, as we are oscillating
between +2.5V and -2.5V.
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U.12V Hyst 1
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Conclusion

A Frequency spread spectrum (FSS) does have many benefits that can effectively hide the EMI
emi ssions of your design in Aunusedo areas

A FSS can not truly reduce the EMI emissions of the design
0 FSS just moves the energy from a single frequency band into neighboring bands

A Be careful when using FSS in a specific frequency area and take care regarding other
frequency bands

A Depending on the values of the external components (e.g. the power inductor and output
capacitors), FSS may add a voltage ripple to the output voltage
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