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Speaker Intro: Christian Kueck

A Senior FAE supporting automotive Tier-1 customers
throughout Germany

A Over two decades of experience managing EMI challenges

A Deeply involved in the definition and compliance testing of
our leading AEC-Q100 power management solutions
A 22 years at Linear Technology

o Strategic Marketing Manager for Europe i product
definition and product support for PSU and LED circuits

o Field Application Engineer \

A Additional:
o Design Engineer, Quality Assurance, Materials Engineer

A Microelectronics. Dipl. Ing., Elektrotechnik University of
Dortmund



PSU Fixed-Frequency Emission Spectrum
MPS Module Construction
EMI Disturbance Sources with Module Examples

Counteracting Magnetic Disturbances

Spread Spectrum and Its Benefits

Impact of Switching Frequency

Open Q&A




Fixed-Frequency PSU Spectrum

*RBW 120 kH . . g n
“att D dB VEW 300 ki The typical PSU switch excitation
Ref 70.00 dBpY SWT 210ms sSsource Cr e at e s a
1ok |65 depv of spurs in the frequency domain,
WiEw

spaced by the switching frequency.

Tdf

15 dBpv

| 1:SW 21:SW 31:SW 4fSW 5fSW 61:SW
Start 1.0 MHz Stop 300.0 MHz




Fixed-Frequency PSU Spectrum
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EMI Coupling Galvanic through Trace Connections
Conductive EMI coupling
PSU as source

RF Voltage Source
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MPS Modules i How They Look Inside

MPS module
construction: They
keep EMI-emitting
loops compact.




Example: MPM3515, a 36V, 1.2A, Buck Module PCB 1
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MPM3515 Module PCB 1

Example: PCB 1,
Layers 1 and 2




MPM3515 Module PCB 1

Example: PCB 1,
Layers 3 and 4
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MPM3515 Module PCB 2 E—— R

Same module, EMI-optimized.
Photo and top layers.




MPM3515 Module PCB 2 R
Layers 1 and 2




MPM3515 Module PCB 2 S ——
Layers 3 and 4

Single PGND connection to outside GND plane mPs




MPM3515 Module PCB 171 12.8V, 3V3, 1A1, CE AV, 150kHz to 108 MHz, PCB 1

PCB 1:

Poor EMI with
CIN4 placed
near filter




MPM3515 Module PCB 171 12.8V, 3V3, 1A1, CE AV, 150kHz to 108MHz Relocating CIN4 Bottom Side
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MPM3515 Module PCB 11 12.8V, 3V3, 1A1, CE AV, 150kHz to 108MHz, PCB 1 without CIN4
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MPM3515 Module PCB 171 12.8V, 3V3, 1A1, CE AV, 150kHz to 108MHz Relocating CIN4 Top Side

Sweep Graph
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MPM3515 Module PCB 11 12.8V, 3V3, 1A1, Relocating CIN4 Top Side

Always have an inductive component connecting
the PSU section with its filter section.
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MPM3515 Module PCB 21 12.8V, 3V3, 1A1, CE AV, 150kHz to 108MHz
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MPM3515 PCB 1 without CIN4 for Comparison

Sweep Graph
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MPM3515 Module PCB 171 12.8V, 3V3, 1A1, RE Mono-Pole AV, 150kHz to 30MHz

PCB 1:
Low-frequency
radiated emission
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MPM3515 Module PCB 11 12.8V, 3V3, 1A1, RE Mono-Pole AV, 150kHz to 30MHz without CIN4
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MPM3515 Module PCB 11 12.8V, 3V3, 1A1, RE Mono-Pole AV, 150kHz to 30MHz Relocating CIN4 to Bottom Side

Sweep Graph
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PCB 21 12.8V, 3V3, 1A1, RE Mono-Pole AV, 150kHz to 30MHz

PCB 2:
Low-frequency
radiated emission

There are few
differences in the
low frequency
range compared
to PCB 1.
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PCB 11 12.8V, 3V3, 1A1, RE AV, 30Mhz to 1GHz
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PCB 11 12.8V, 3V3, 1A1, RE AV, 30Mhz to 1GHz, CIN4 Relocated to Top Side

PCB 1:
gl High-frequency
radiated emission

There is a small

improvement after
S relocating CIN4

MMMM NADZ

‘

T
T et

,

il

mes



PCB 21 12.8V, 3V3, 1A1, RE AV, 30Mhz to 1GHz

PCB 2:
High-frequency
radiated emission

Quieter than PCB
1, resonance due
to 1.7m harness.
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PCB 21 12.8V, 3V3, 1A1, RE AV, 30Mhz to 1GHz, V,, Cable Shorted from 1.7m to 0.2m
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E-Field/Capacitive Near-Field Coupling

With E-field/capacitive near-field coupling of components and PCB traces

"o M o
= Other EMI coupling
i mechanism
—p

mes

Works like capacitor plate coupling



H-Field/Magnetic Near-Field Coupling

With H-Field/magnetic near-field coupling and shielding of components and PCB added

Other EMI coupling
Works like aircore transformer coupling mechanism

mes




Far-Field Radiation

With electromagnetic far-field radiation and reception added

Other EMI coupling
mechanism

Components and traces act as antennas




Magnetic Field = Low Impedance; E-Field = High Impedance

Difference in H-field and E-field source

Regardless of source at &2" distance, all radiation matches the far-field impedance.
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Damping Needed

What is needed to
keep EMI in check

A 1W, 1MHz PSU that matches its switch node to 50Y creates a
+30dBm = 147dBpV (1W @ 50Y) emitter @ 1MHz.

At 100MHZz this is still -10dBm = 97dBuV (assume -20dB/dec for harmonics).

CISPR25 ask at 100MHz Cat5 here for 18dBuV for CE. Most OEMs are more
stringent.

We need 80dB (1/10000) of damping or
PSU terminals.
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Filter In Theory (or Spice) is Easy

What a theoretical

filter can do
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