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Agenda

= Coupling paths
= Shielding demonstration
» Coupling demonstration
= Ground Concept
= Power Integrity
= |ayer Stack
= Arrangement of Traces & Vias
= Filter Placement
= Grounding
= Layout Considerations
= Power Inductors
= (Crystals & Oscillators
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COUPLING PATHS




Everything is an Antenna

ON

Electric Dipole Antenna Electric Monopole Antenna Magnetic Loop Antenna
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Everything is an Antenna

...even if there is no Antenna

Sum #0

Q_ 1 Q]

Iy l))))

i

Differential Mode Common Mode
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Radiated coupling

Frequency, wavelength

=  Vacuum
10000 Co 1
A = —
0 f f-E o
o = 299792458m - s~1
1000 300
0~
f [MHZ]
= C(Critical wavelength
i= 100 »  Structures that tend to radiate into the far
et field
2 Lo A
%0 10 krlt ~ 10 "'20
c
@ = Medium
g < R
g 1 €0 o VeEr-tir
1) FM-Radio @ 100MHz
0,1 ( = A= 3m;% = 75cm;% = lirit = 15cm
2) WiFi @ 2,4GHz
0,01 = Ay =12,5cm; % = 3,13cm; % = lirit = 6,25mm
100 kHz 1 MHz 10 MHz 100 MHz 1 GHz 10 GHz 100 GHz

Frequenz

8 | EMC DESIGN TIPS

MAT | 20.05.2025




Radiation emissions

Measurement setup

= Fully Anechoic Chamber (FAC):
= Absorbers also on the floor — no superposition of direct and reflected ray: no height Scan.
= No change in the setup between emissions and immunity — easy to handle for labs..
= The DUT needs to be in the helght of the antennatip — FACis made for table top equipment and not for floor
= standing Equipment. N — <71,
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Issions

iated em

Rad

Example - electric shaver

= Charging mode:

= (Charger is part of the DUT

= Shaving mode:
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Radiated emissions

Example - electric shaver: Charging mode

80
70 CISRPR32 - FAR - Class:B-Paak/3.0m
60
50
E CISPR32 _ EAR _ Clacc:B QPRaglk 3-0ma-
= 40— 
=)
Z
o 30, r[/\f/
> Vil Autat o
] o ) "
= My ‘ » ’
0 N —
-10

30M 100 M 200 M 300 M 400 M 500 M600 M 800M 1G 12G14G 1.7G 2G23G 3G
Frequency [Hz]

— CISPR32 - FAR - Class:B Average/3.0m — CISPR32 - FAR - Class:B QPeak/3.0m — CISPR32 - FAR - Class:B Peak/3.0m — Peak (Horizontal)
— Peak (Vertical) — Q-Peak (Horizontal) — Q-Peak (Vertical) — CISPR.AVG (Horizontal) — CISPR.AVG (Vertical)
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Radiated emissions

Example - electric shaver: battery powered working mode

80

= High peak detector:
= Brushed motor

70+

= Motor bursts 5]
= CISPR 14-1-1: i

= No Limits above 1 GHz

-
o
.

o
.

-10 T T T T T T T R Aaaasanans e
30M 100 M 200 M 300M 400M 500 M600M 800M 1G 12G14G 1.7G 2G23G 3G
Frequency [Hz]
— CISPR32 - FAR - Class:B Average/3.0m — CISPR32 - FAR - Class:B QPeak/3.0m — CISPR32 - FAR - Class:B Peak/3.0m — Peak (Vertical)
— Peak (Horizontal) — Q-Peak (Vertical) — Q-Peak (Horizontal) — CISPR.AVG (Vertical) — CISPR.AVG (Horizontal)
X Q-Peak (Q-Peak/Lim.Q-Peak) (Horizontal) ¢ Peak (Peak/Lim.Peak) (Horizontal)
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Radiated emissions

Example - working mode with cable

80
701 CISPR32 - EAR -~ Class:B Paak/3.0m
60 D"
0] a _-lﬁuy.gg M.J!I W “le‘ ﬂ‘u
LA I 1 0 ) i v
E w.
> 40 vw
=
=)
i)
o 304 /J/J
>
Q
-
20+
10
0,
-10 T T T T T T T T
30M 100 M 200 M 300M 400 M 500 M600 M 800M 1G 12G14G 17G 2G23G 3G

Frequency [Hz]

— CISPR32 - FAR - Class:B Average/3.0m — CISPR32 - FAR - Class:B QPeak/3.0m — CISPR32 - FAR - Class:B Peak/3.0m — Peak (Vertical)
— Peak (Horizontal) — Q-Peak (Vertical) — Q-Peak (Horizontal) — CISPR.AVG (Vertical) — CISPR.AVG (Horizontal)
X Q-Peak (Q-Peak/Lim.Q-Peak) (Horizontal) < Peak (Peak/Lim.Peak) (Horizontal)
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Reducing EMI

= Sufficient EMC can be achieved by suited measures at the noise source, coupling path or sink.

= Primary Measure Reduce emission from noise source
= Secondary Measure Break coupling paths
= Tertiary Measure Increase immunity of the sink
_>
_ E
Source radiated | | || Sink
H
—
T AAANY L — 1
=
—_— — Inductive Impedance Capacitive
Coupling Coupling Coupling
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SHIELDING
DEMONSTRATION




Shielding Demonstration

DUT: Comb generator with 20 MHz harmonics
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Shielding Demonstration

Unshielded Noise source for Reference
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Shielding Demonstratio
eeeeeeeeeeeeeeeeeeee

= Completely sealed housing can rarely be realized
» |nterfaces, Cooling, Maintanance
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Shielding Demonstration
Shielded Box, 20mm hole and 50cm Cable

= Completely sealed housing can rarely be realized, e.g. due to Interfaces
= The Cable is not connected to the noise source

80
70
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50

40

10

Electrical Field [dBpV/m]

0
10 100 1000

Frequency [MHZ]
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Shielding Demonstration

Shielded Box, several small holes

Completely sealed housing can rarely be realized, e.g. due to cooling
A grid of small holes emulates ventialation gilles
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Shielding Demonstration

Shielded Box, several 20cm slits

= Completely sealed housing can rarely be realized, e.g. due to cooling
= Sometimes slits are used for ventilation
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Shielding Demonstration
Shielded Box, 20mm hole, BNC-Cable, Shield is not connected

= [nside the box, the shield is stripped from the cable
= The Shield is not connected to the Box

80
70
60

50

40
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\\Q’ L Il

10 100 1000

Electrical Field [dBpV/m]

Frequency [MHZ]
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Shielding Demonstration
Shielded Box, BNC-Cable, Shield connected by pigtail

= [nside the box, the shield is stripped from the cable
= The Shield is connected to the Box by a 10 cm Pigtail / by a 2 cm Pigtail

80
70
60

50

40

30

f: \U | | |

10 100 1000

Electrical Field [dBpV/m]

Frequency [MHZ]
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Shielding Demonstration
Shielded Box, BNC-Cable, Shield properly connected

= [nside the box, the shield is stripped from the cable
= The Shield is ted to h Box 360° with copper tape (not flawless)
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COUPLING PATHS




Conducted coupling

= Physical coupling path formed by a direct contact
= DUT and LISN (Noise Sink) are directly connected via a cable

= Reduction of the noise source impedance due to low-impedance components (e.g. a low-impedance input
capacitor in a DC/DC converter)

= LCfilter to interrupt the coupling path
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Conducted emissions

Electric shaver emission test — charging mode

100

90+

80+

70+

60 CISPR. 32 . Class:B QPRazk

CISRR. 32 . Class:B A\ orag

50*

m/ww \ T ‘z w m
401 \vy,, | i."' ‘“ | | ««

‘!’! | L ' ‘ ,\ ‘mrw
ot ] e

il
" N \ ” ”'

0,

9k 20k 30k 40k50k 80 k 200k 300 k400k 600 k800 k 2M 3M 4M5M 8M 20M 30 M
Frequency [Hz]

— CISPR 32 - Class:B Average — CISPR 32 - Class:B QPeak — Peak (Phase 1) — Q-Peak (Phase 1) — CISPR.AVG (Phase 1)
X Q-Peak (Q-Peak/Lim.Q-Peak) (Phase 1) + CISPR.AVG (CISPR.AVG/Lim.Avg) (Phase 1)

Level [dBuV]

—
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Capacitive Coupling
Origins
= QOriginates from high dU/dt

= Parallel conductors form a parasitic capacitance
= Coupling capacitance is directly proportional to the length of the parallel trace run

Isolating Components typ. Coupling Capacitance

Optocoupler 0,5..5pF
Solid State Relay 0,5...10 pF
Gate Drive Transformer 2...10 pF
Electromechanical Relay 10...100 pF
Digital Isolator 100...200 pF
Digital Isolator (int. SMPS) 300...600 pF
Transformers in SMPS Up to 1000 pF

29 | EMC DESIGN TIPS

MAT | 20.05.2025




Capacitive Coupling
Effects

= \/oltage interference at the load:
Ri * Z1 dun Rl ° Zl

Unl = ln.Ri+Z1 - 1zt dt .Ri+Z1
i T C12
" i
= Laplace made easy: replace % by jw I R; Un,2
uy (AU [1 + in)
R, - Z, n & v ’
Unl_Un ]wCIZ.R Z ]
I i T 41 Un) A Ug
/-, — 00
Cip =€ % ’

= Doubling the frequency doubles the crosstalk (+6 dB)
= Doubling the sink impedance (Ri||Z1) doubles the crosstalk
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Coupling experiment
Testsetup

Signalgenerator .2
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Capacitive Coupling

Experiment - 10 kQ load resistance - 0 / 2 mm distance

=

” h"A"OEg":gm - _ Input: Square wave / 3 \Vpp / 5 MHz
| | YOU EXPECT

_——_ZDB(B-]?
@ Ak OV Asto  Onsfdiv  25GSafs  Abtstw e O ®
£ Sto. 0s 2 Mpts 12 bit Hist 1 =

3 \Vpp

& 126 mVpp I

R1 4 é
<40 mvV

31 mVpp

F-80mV

WURTH L

ELEKTRONIK 120 my

MORE THAN |

YOU EXPECT
<160 mV

° o ‘

200 mV -160 ns 120 ns -80 ns 40 ns 0s 40 80 ns 120n 160 ns 200 ns
1 [@Ampl: 207v 2 [@Ampl:

3134 mv 3 ﬂFreq: 5,001165 MHz
e i S 7 Illllll.

» Crosstalk decreases with C12 (increased distance)
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Capacitive Coupling

ursn @ wyo 0S

Experiment - 10 kQ load resistance - 2 mm distance - grounded ShielDIY stripe (one side)

O

. i Input: Square wave / 3 Vpp / 5 MHz
MORE THAN ’

YOU EXPECT

fod [ Trigger " [Horizontal | Erfassung " [info ] 20250317
Wieder- @ Ak ov A0ns/div 25GSafs  Abtstw s U ®
holen £ Sto 0s 2Mpts 12 bit Hist 1 e

w0 [

o 1,6 mVpp
WURTH wem | : b0 my T
ELEKTRONIK | : |
MORE THAN :
YOU EXPECT oy
s ° ° o o ° : ' ‘ 1 mAmpl 298V 2 .AmpL 1,56 mv 3 ﬂFreq: 5,001 405 MHz
: :'\V EEEEEEE
debate yitm Bu 3 wyo f - ; : )
> E-field can be easily shielded using a shield plate grounded on
O | one side
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Capacitive Coupling

Experiment - 10 kQ load resistance - 2 mm distance - capacitance to the GND plane

34 |

O

WURTH

. ELEKTRONIK
MORE THAN
YOU EXPECT

50 Ohm @ using with airgap (1.5mm)

“f 50 Ohm @ using with airgap (1.5mm)
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WURTH

ELEKTRONIK
MORE THAN
YOU EXPECT

a
! |
50 Ohm @ using with FR4 (1.5mm Er=4.4) & .. i) OR0)

50 Ohm @ using with FR4 (1.5mm Er=4.4)
O o

o|C2 >

Input: Square wave / 3 \V/pp / 5 MHz

~ Trgger Horizontal
@ Fk OV Auo  40ns/div
£ sto 0s

2,5GSafs  Abtstw
2 Mpts 12 bit Hist 34

TR 20250520
08:11:18 ®
i'i W

b

50mV -160 ns -120 ns -80 ns 40 ns Uis 40 ns 80 ns 120 ns 160 ns 200 ns
1 @lampl: 296V 2 [Eampt: 951 mv 3 [@Freq:

o = 7 IIII'II.

» Increasing the capacitance to the GND plane minimizes
crosstalk

4,999 09 MH:




Capacitive Coupling

Experiment - 10 kQ load resistance - 2 mm distance - 1 M( far end termination

O

ﬁgﬁw - | = Input: Square wave / 3 \/pp / 5 MHz
YOU EXPECT

_ _ — _ 20250317
[C1 TS 0V Auto  40ns/div 2,5GSa/s  Abtstw . 09:53:39 ®
£ Sto. 0s 2 Mpts 12 bit Hist 1 =

3 \Vpp o

&

62 m\V/pp

F-80mv
WURTH
ELEKTRONIK | E-120 mv
MORE THAN
YOU EXPECT
B # <160 mV/
200 mv -160 ns -120 ns -80 ns 40 ns

0's 40 ns 80 ns 120 ns 160 ns 200 ns

1 mAmpl 207v 2 [@Ampl: 6203mv 3 [@Freq: 4,99932 MH;

e L U SRS AL UG ot PR
: |
i Haw/
g iz
> Q i S Illllll.
—

» Doubling the sink impedance (Ri||Z1) doubles the crosstalk
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Capacitive Coupling

Experiment - 10k(Q load resistance - 2 mm distance - 1 MQ Far end termination - Split plane

el
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O

WURTH
ELEKTRONIK
MORE THAN
YOU EXPECT

ELEKTRONIK .
YOU EXPECT

debaite yawn buisn @ wupg 0g

" 2!

Input: Square wave / 3 \V/pp / 5 MHz

~ Trigger  Horizontal [iAfoT 2025-03-17

@ Ak OV Asto  Onsfdiv  25GSafs  Abtstw s ®

£ Sto. 0s 2 Mpts 12 bit Hist 1 =

é

o 6 m\Vpp
80 my
F-120 mV
<160 mv
200 mvV -160 ns 120 ns -80 ns -40 0 40 80 120 n: 160 ns 200 ns
1mAmpl 298v 2 [@Ampl: 7617mv 3 [@Freq: 4,399695 MHz

(2 " il Illllll.

» More parasitic coupling capacitance due GND-split




Capacitive Coupling

Measures to decrease coupling

= Primary Measure
= Decrease dU/dt by selecting a slower signal edges
= A Low pass filter to take off the edges

= Secondary Measure
= Shorten/avoid parallel trace runs
= Small areas for switched polygons (e.g. DC/DC switch node)
» |ncrease distance between affected paths
= Electrical shielding (Cable, PCB, Housing)
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Inductive Coupling

Origins

= QOriginates from high dl/dt
= Parallel traces form a parasitic transformer
= Mutual Inductance increases with shorter distance
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Inductive Coupling
Effects

= \/oltage interference at the load (Z1 = Near End):

Y di, Z;
fol =M e Rt 7, M,
d /_\
= Lapace made easy: replace —by j w inI 3 E
U,=1,-JwoM 21 _ _ R; Un,2
e Jwtlz R + Z; u (AY iy + iny
n
/\/ _v
A
Mip = p- NiN T A Us
Up,)
= Doubling the frequency doubles the crosstalk (+6 dB) Z; » 0

= (rosstalk increases with inductive loop dimensions

= Phase reversal of the induced current can be observed at the far end
= \/oltage interference at the source (Ri = Far End):

R;
R + 7,

Unp,=—InjwMy, -
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Inductive (dominant) vs. Capacitive Coupling

Experiment - 50 () load resistance - slotted plane - 0 / 2 mm distance

7

Input: Square wave / 3 \V/pp / 5 MHz

: . . . By
WURTH = L )
ELEKTRONTl\I‘( .
YOU EXPECT » 20250317
holen (1]
Slotted plane u o SR 3

F160 mV

F120.my.

o o o o o sl |
s ° g
tn Butsn @ wuyg 0g NINOHLYI13 I P promv
"HLEOM
@ using wil - Aomy

R1

40 mv

E ELEKTRONIK - = Fa20my
YOU EXPECT .
Slotted plane

debate yrtn buisn 3 wupg 0g NINOBLNI1Z

200 mV <160 ns 120 ns 80 ns 40 ns Os 40 ns 80 ns 120 ns 160 ns 200 ns

1 mAmpI 30y 2 .AmpL 6425my 3 [@lFreq: 5,000065 MHz

_— ]
> cz OUtPUt IlIllIl.

» (apacitive coupling counteracts the inductive coupling
at the far end (inductive coupling dominates)
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Inductive (dominant) vs. Capacitive Coupling

Experiment - 50 Q) load resistance - 2 mm distance - slotted plane - grounded ShielDIY stripe (one side)
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O

[} e
Slotted plane

debite yatn buisn g wug 0g L

ELEKTRONIK .
E VXL
Slotted plane

debaite yawn buisn g w

2 mmae ShleIDIY stnpe

F-120 mV

Input: Square wave / 3 \V/pp / 5 MHz

) Sto 0s 2Mpts  12bit  Hist1

_——_20)_‘:-()}-1?
[C1 TS 0V Auto  40ns/div 2,5GSa/s  Abtstw . 13:57:47 ®
i ]
-

160 mV

200 mV -160 ns 120 ns -80 ns

1 MAmpl 3v 2 [Eampt: 19492V 3 [@Freq:

(2 Output R1- Output

5,00058 MHz

> Capautwe coupling counteracts the inductive coupling at the far end
less capacitive coupling (shielded) = more overall crosstalk




Inductive (dominant) vs. Capacitive Coupling

Experiment - 50 ) load resistance - 2 mm distance - slotted plane vs. slot

O

: E%&%@m ' ] . Input: Square wave / 3 \V/pp / 5 MHz

e [ rigger [ Horizontal | - Erfassuag T AfoT T 20250520
L i ] y: TR ; @ Ak OV Auo  40ns/div 2,5GSafs  Abtstw 08:41:48 ®
£ Sto. 0s 2 Mpts 12bit  Hist26 a )]
SN Slotted plane i I ‘
o s e o - F160my
s o
debite yywn buisn @ wug 0g
TA
40 mV
2 /|
80 mv j
WURTH ]
: > 5 ELEKTRONIK | e 420 mv
MORE THAN
YOU EXPECT
. ° o s o 5 160 mV i
S | Ot 200 mV <160 ns 120 ns -80 ns 40 ns Uis 40 ns 80ns 120 ns 160 ns 200 ns
4 1 @l ampl: v 2 Eampt: 287,65mv 3 [@lFreq: 4,99943 MHz

» Countercurrentin the slotted floating plane compensates the
effect of inductive coupling
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nductive Couplin
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Inductive Coupling

Experiment - 50 Q) load resistance - 2 mm distance - slotted plane - grounded ShielDIY stripe (both sides)

O

[} e
Slotted plane

debite yywn buisn @ wug 0g

ELEKTRONIK .
E VXL
Slotted plane

debaite yrtn buisn g w

2 mmie ShleIDIY strlpe
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Input: Square wave / 3 \V/pp / 5 MHz

fod [ Trigger " [Horizontal | Erfassung " [info ] 20250317
Wieder- B Ak OV Auo  4Ons/div 256535 Abtstw g o ®
holen £ Sto 0s 2Mpts 12 bit Hist 1 e

w0 [

F160 mV
F120
F80mvy
ﬁ()mv
9_,
[r

40 mv

R8O mV

F-120 mV

160 mV

200 mV -160 ns 120 ns -80 ns 40 ns 0s 40 ns 80 ns 120 ns 160 ns 200 ns
1 [@Ampl: 301v 2 [EAmpt: 3438mv 3 [@Freq: 4,998.65 MHz

o S 7 IlIllIl.

»  Short return path over ShielDIY stripe (E-Field + H-Field shielding)
» less inductive coupling, but still some coupling due vertical loops




Inductive Coupling

Experiment - 10 kQ load resistance - 2 mm distance — slotted plane - 1 M( far end termination

O

ELEKTRONIK
AN

EWRTH

YOU EXPECT

Slotted plane

debite yatn buisn g wug 0g L

ELEKTRONIK .
MORE THAN ]

Slotted plane

debate yatn buisn g wug 0G5 L

uaTH 2 mm
NIK
. / -l‘“‘ IeRgep

= O
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FBOmV
40 mV

Input: Square wave / 3 \V/pp / 5 MHz

~ . Tigger [ TIRfoT 2025-03-18
Wieder- B Ak OV Auo  4Ons/div 256535 Abtstw 10:09:24 ®
holen £ Sto 0s 2Mpts 12 bit Hist 1

i —

F160 mv ;

120 my e

c2

4

-1/0m\.‘
480 mv

F-120 mV

160 mV

i 2!

160 ns 120 ns

-200 mV

1 MAmpl 301v 2 [EAmpt: 32619mv 3 [@Freq: 5,000195 MHz

(2 " il IlIllIl.

» With a one side high-impedance termination of the affected circuit, the
open load voltage of the parasitic transformer is obtained




Inductive vs. Capacitive Coupling (dominant)

Experiment - 10 kQ / 50 () load resistance - O mm distance

=

T Input: Square wave / 3 \V/pp / 5 MHz
YOU EXPECT

[ Trigger " [Horizontal | Erfassung " [info ] 20250317
@ Ak OV Awo  40ng/dv  25GSa/s  Abtstw 13:25:10 ®
E3 Sto. 0s 2Mpts  12bit  Hist1 =

4\4

-40 mv
F-80mV
WURTH = : Lo
ELEKTRONIK . 120my
MORE THAN
YOU EXPECT
o 5 <160 mV
200 mV -160 ns 120 ns -80 ns 40 ns Uis 40 ns 80 ns 120 ns 160 ns 200 ns
B — e ——

1 mAmpl v 2 [Eampt: 8197mv 3 [@Freq: 4,3999305 MHz

|| =
> (2 v il III..I'.
o

Inductive coupling (due 50 Q load) counteracts the capacitive
coupling at the far end (capacitive coupling dominates)
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Capacitive vs. Inductive Coupling

Experiment - 50 Q) load resistance - 2 mm distance - grounded ShielDIY stripe (one side)

=

IEI:E{E;'(;;EON;K o i Input: Square wave / 3 \/pp / 5 MHz

MORE THA
YOU EXPECT

i it - ’ @ n T e e e ame e bew @
dominant capacitive coupling N l; P Y Ol T S

F-10mv

| L Y
WURTH . Loy
. ELEKTRONIK .
MORE THAN
YOU EXPECT

dominant inductive coupling

20 mV

25 mV -160 ns 120 ns -80 ns 40 ns 0s 40 ns 80ns 120 ns 160 ns 200 ns

1 MAmpl 3v 2 [Eampt: 1381mv 3 [@Freq: 5,000795 MHz

> m o 5 V/ II IIII.I'.

> Capautwe coupling counteracts the inductive coupling at the far end

capacitive coupling shielded = inductive coupling over vertical
loops remains

1 yym bu
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Capacitive vs. Inductive Coupling

Experiment - 50 Q load resistance - 2 mm distance - solid gnd-plane vs. slotted plane

=

Input: Square wave / 3 \V/pp / 5 MHz

° ° o ° @ o e | : i L Y
WURTH '
. ELEKTRONIK
E MORE THAN
YOU EXPECT » 20250317
BoRSmggE ST Te
-

dominant capacitive coupling e 7 vl

WURTH # E-120 mv T i
. ELEKTRONIK | : eem I A
MORE THAN |
YOU EXPECT
160 mV i

dominant inductive coupling ! . . . .
; o o S | OttEd p | an e o L ' 1 MAmpl 3V 2 .AmpL w6602myv 3 [@lFreq: 4,99985 MHz
ol :'\V BEEEEEEE
> ':'f';"ﬂé'ow 50 Of

debate yrtn buisn 3 wupg 0g NINOBLNI1Z
ndEtEIRg Ul

» PCB with split plane (inductive coupling dominates)
shows significantly more crosstalk (Factor 23)
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Capacitive vs. Inductive Coupling

Experiment - 50 Q load resistance - 2 mm distance - solid gnd-plane vs. slotted plane

O

WURTH

. ELEKTRONIK
MORE THAN
YOU EXPECT

dominant capacitive coupling

WURTH
ELEKTRONIK
MORE THAN
YOU EXPECT

EMC DESIGN TIPS

MAT | 20.05.2025

W j>

Input: Wideband Noise (74 dBuV)

| Trigger  Horizontal  Erfassung  Info 20250317
B Ak 200mv Awo  20ps/div  25GSa/s  Abtstw g ®
E3 Sto. 0s  527,78kpts 12bit  Hist150 %

A g ey Lo " -—-—--J
Reference: 74 dBpV (@ 5MHz

20 dBuY o0kHz  300KkHzZ 400K 500 kHz 800 kHz 1 MHz 2 WHz SMH:  aMHZ Mz TMHz  10MH: 100 MHz

RZ Y‘l 3,5 dBpv . ¥2 323 dBwV  Ay: 288dB

v o --- IIII.I'.

»  PCB with split plane (inductive coupling dominates) shows 28,8dB (with noise
measurement) or 27,2dB (with FRA) (Factor 27,5 or 22,9) more crosstalk




Capacitive Coupling (dominant)

Frequency response analysis (FRA) - 50 Q load resistance - 2 mm distance — solid gnd plane

50 |

EMC DESIGN TIPS
MAT | 20.05.2025

=

WURTH

. ELEKTRONIK
MORE THAN
YOU EXPECT

° s B s 0 ° o s o
debate yitm Butsn g wyg 05
50 Ohm @ using ‘Jim

o

HINOHINITS 50
HLEOM

a # R s i 20250317
1,25 GSafs  Abtstw 16:14:02 <8>
2,5kpts 14 bitHD Hist 1 .' A

120

Positive phase
*  —>ohmic-capacitive behavior

30 dB o
40 dB o
? MH
F50db _68 6dB / +86 1 5 Z
I I
60 dB -120
k-70dB 150 *
80 dB TMAHz 3 MHz 4 MHz S5MHz 6MHz 7MHz 8MHz 10 MHz 20 MHz 30 MHz M0MHz  S0MHz 60 MHz 70 MHz 180

Frequenz 501187 MHz  Verstarkung: 68,57 dB Phase: 86,16 Frequenz 316228 MHz  Verstarkung: -52,76 d8 Phase: 65,27

Eingang Ausgang Generator Start Stopp Punkte Punkte Wiederholen
- - - -
Kanal 1 Kanal 2 Genl 1 MHz 100 MHz pro Dekade 10 -

» Doubling the frequency doubles the crosstalk (+6 dB)
> In circuits with primarily capacitive loads, current leads the voltage (ideally +90°)




Inductive Coupling (dominant)
Frequency response analysis (Frau) - 50 Q load resistance - 2 mm distance - slotted plane

“ " @ (O] Vs = ) e e Fortschritt Erfassung TAfo 2025-03-17
Wieder- Zoom 1,25 GSafs  Abtstw . 15:53:24 @

sy | oo | i || MU iannatier, SN (1000 tessen v 25kpts TabitHD st = S

) dB 120

O . - 10 dB L
. : a0

WURTH i '
: z . 5 ELEKTRONIK | : F-10dB
MORE THAN
YOU EXPECT R
L -

9 - - - o °
Slotted plane
o
o0 ° B s o A " P 40 dB
3 o B o o 0 dB
o ° ° o o
debate Wyt butsn 3 wug 05 | R C2 o0 1201
1 ™ WORTH 2 i, fF-70dB 150
A Feniom® 50 Ohm @ using wi I l ” I l [
80 dB 2 MHz 3 MHz 4 MHz 5MHz  6MHz 7MHz 8 MHz 10 !“.’IH‘ 20 MHz 30 MHz 40MHz  50MHz 60 MHz 70 MHz 180
. = —
. . ° O ° . - B
o o o o o o °
Frequenz SOT187 Mz Verstarkung: 41,38 dB Phase; 96,09 [ Frequenz 100 MHz  Verstarkung: 17,17 dB Phase: -164,37°
Eingang Ausgang Generator Start Stopp Punkte Punkte Wiederholen
v - - v Ausfihren Einstellung » FRA verlassen X
Kanal 1 Kanal 2 Gen1 1 MHz 100 MHz pro Dekade 10 l oFf
——

Phase _

300 MHz 300 MHz o =
o o e S .
-3,72mV -357 v 20 dB -30°

» Doubling the frequency doubles the crosstalk (+6 dB)
» phase at the far end differs from capacitive coupling (ideally -90°)
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Inductive Coupling

Measures to decrease coupling

= Primary Measure
» Decrease dl/dt by selecting a lower switching frequency and slower signal edges
= A filter Inductor/Ferrite to take off the edges

= Secondary Measure
= Decrease magnetic loop area
Increase distance between affected circuits
Orthogonal component placement
Magnetic shielding with ferrite materials (soft permeability, high p.)
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Impedance Coupling

Origins

= |nterference affects circuits with a mutual traces
= (ircuits share an impedance and therefore the voltage across that impedance
= Main cause for high mutual impedances is self-inductance across copper traces

4

/A
=
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Impedance Coupling

A closer look

DC

DC

Filter

Common
Impedance
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Up = Idigital * Z common

Digital
Circuit

lif

A
\V

Analog
Circuit




Impedance Coupling

un | A Z
= Coupling impedance: Z, = Ry + jwLy n@ 2

= |nterference voltage at the load:
Un Zy - Zg
Up) = -
M+ R+ 2|7, RitZi+ 7
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GROUND CONCEPT




Ground Concept

Distribution across multiple PCBs

-
O~0~0-~0 -
' § N PCB PCB
/
Improvement Wrong
Star Topology Ground Loops
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Path of least Impedance
Return Path for AC and DC currents

DC Return Path AC Return Path Slotted AC Return Path

EMC DESIGN TIPS
58 | MAT | 20.05.2025



> Im
w—
o o
> O
—w
O9
m o
- >0
oo

Path of least Impedance

- wm
_
-
-

Simulation: Return Path depending on Frequency

[Clamp to range: (Min: B/ Max: 2e+006)] A/n"2 [Clamp to range: (Hin: B/ Max: Ze+0R6)] Asmt2 [Clamp to range: (Min: 8/ Max: Ze+0@6)] nin"2
Outside plot Dutside plot Outside plot

2.00e6 2.80e6 2. 08e6

1.62e6 1.62eb 1.62e6

1.37e6 1.37e6 1.37eb6

1.15e6 1.15e6 1.15e6

9.64e5 0. Gues 9. 6he5

8.02e5 B.BZes §.02e5

6.62e5 6.62e5 6.62e5

5.42e5 5.42e5 5.42e5

h_3%e5 u.39e5 h.3%e5

3.50e5 3.50e5 3.50e5

2.73e5 2.73e% 2.73e5

2.08e5 2.08es 2.08e5

1.51e5 1.51e5 1.51e5

1.02e5 1.082e5 1.82e5

59975 50075 59975

23792 23792 23792
a a L)

<
F’
r’&

Type Current Density (peak) Type Current Density (peak) x Type Current Density (peak) *
Conponent Abs Component Abs Component Abs

Haximum-3d  8.89894e+B856 A/n"2 at 30.4969 / 21.8567 / 1.1 Haxinum-3d  8.808960+086 A/n"2 at 38 / 28 / 1.3 Maximum-3d  B.89103e+006 A/M°2 at 30 / 20 / 1.3

Frequency 0.01 Frequency 0.2 Frequency 8.5

Anplitude Plot Amplitude Plot Anplitude Plot

10 Hz 200 Hz 500 Hz
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w—
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—w
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m o
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oo

Path of least Impedance

S
L
.

Simulation: Return Path depending on Frequency

[Clamp to range: (Min: 0/ Max: 2e+006)] a/m2 [Clamp to range: (Min: 0/ Max: 2e+006)] a/m 2 [Clamp to range: (Min: 8/ Max: 2e+006)] a2
Outside plot Outside plot Outside plot
2.00e6 2.00e6 2.00e6
1.62e6 1.62e6 1.62e6
1.37e6 1.37e6 1.37e6
1.15e6 1.15e6 1.15e6
9.6ke5 9.6keS 9.6he5
8.02e5 8.02e5 8.082e5
6.62e5 6.62e5 6.62e5
5.42e5 5.42e5 5.82e5
4.39%e5 4.39e5 4.39e5
3.50e5 3.50e5 3.58e5
2.73e5 2.73e5 2.73e5
2.88e5 2.08e5 2.08e5
1.51e5 1.51e5 1.51e5 -
1.02e5 1.02e5 1.02e5
59975 59975 59975
23792 23792 23792
L L}
z ! z ! z !
Type Current Density (peak) x Type Current Density (peak) x Type Current Density (peak) x
Conponent Abs Conponent Abs Component Abs
Maxinum-3d  8.89138e+006 A/n"2 at 30 / 28 / 1.3 Maxinum-3d  8.89831e+006 A/n"2 at 30 / 28 / 1.3 Haximun-3d  8.91044e+006 A/n"2 at 30 / 20 / 1.3
Frequency 1 Frequency 5 Frequency 10
Anplitude Plot Anplitude Plot Anplitude Plot

1 kHz 2 kHz 10 kHz

60 EMC DESIGN TIPS

MAT | 20.05.2025




Path of least Impedance

Measurement: Return Path on slotted GND plane

N ® Vs = g m Trigger Horizontal Erfassung Info 20250520 <
Riicke @ s ZQ Zone o 1 Pk OV Auto  4Ons/div 25GSafs  Abtstw R S <%
angig  Hife  Foto  Annotier. eingrell hinzuf.. MESN pinzuf.. ) y Sto 0s 3950kpts  12bit  Hist97 - S :
Tab 1 + v
e}
o=
V=
e

——— &

N,

TN

C1 =
1] e =] =) = =] 4] e =] i) =] ==
Peak 1 Peak 2 Peak 3 Peak 4 Peak 5 Peak 6 Peak 7 Peak 8 Peak 9 Peak 10
5.0206 MHz 15.016 MHz 25.011 MHz|35.006 MHz|45.002 MHz |54.997 MHz [64.992 MHz [74.987 MHz [84.983 MHz 94.978 MHz
54.90 dBpV 54.40 dBpV 53.72 dBuV | 52.52 dBuV [50.71 dBuV |48.49 dBuV [45.45 dBuV |41.69 dBuV [36.88 dBuV | 28.40 dBuV

RTH -
.glmzom.u | g

H-field probe

m ] LR Wy i A
[T ‘_.'.‘.'ﬂl._.‘..ellﬁ'il'.,l..f T T T

Sl tt d | . 1 ¢1 Ampl: 301V 2 [@Ampl: 816mV 3 Cl1Freq: 5000075 MHz
otted plane agiE Cl-npit_ CENOUpURNS (T T
- - " n : mm 500 mv/ Sg% "500"; Smv/ 5‘&';{;‘5 5mv/ 10 dBuv 10 dBuv/ G o Logk Math m Spek Gen  Menii

‘BIHIIIIINHT

90 dBuv
ov ov ov 40 dBpv Q RBW: 120 kHz

C1 | 8 Wow 50 ohm @ using with élQﬂ) SOQ
O
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Path of least Impedance

Measurement: Return Path on slotted GND plane

“ @ P = e n Trigger Horizontal Erfassung Info  2025-05-20
Riick- ® ol 3,,, e bl a Fk 0V Auto  40ns/div  25GSafs  Abtstw a 09:11:26
_gangig Hitle Foto,  Annotier, einstell... hinzuf... Messen __hinzuf... i Y Sto 0s 3959kpts  12bit  Histd32 - ) i

mV | +
20mv

1B5mv

10mv

5mV //\
A\
> = e S ST U S

i

i
gmv
<15 my

¥

¢ RTH
- TOHE | AN 0 Ohm @ using with azo.ap
. - : - mV
25mv 160 ns 120 ns 80ns 40 ns 0s 40 ns
90 dBpV

80 dBuV Peak 1 Peak 2 Peak 3 Peak 4 Peak 5 Peak 6 Peak 7 Peak 8 Peak 9 Peak 10
5.0206 MHz

. 15.016 MHz. 25.011 MHz| 35.006 MHz |45.002 MHz|54.997 MHz |64.992 MHz|74.987 MHz | 84.983 MHz|94.978 MHz
70 dBpv 67.774BpV 67.2841BuV 66.42 BV | 65.08 dBuV |63.25 dBuV |60.85 dBuV [57.70 dBuV |53.66 dBuV [48.12 dBuV |39.55 dBuV

80 ns 120 ns 160 ns 200 ns

50 dBuv
. 40 dBpv ¥
\ .EKTRONnI( S

H- fleldprobe i A U 0 | oL Ll L LELLEL UL
= AT gapii |

o A 1 |
B e

VL
et W I R
[——

F0\dBpy \ 2w/

a
v

1 €1 Ampl: 3,01V 2 .Ampl: 35,87 mV 3 C1Freq: 5,0002 MHz
C1- Input g _[R2 i
500my/ S0OMHz 5y 500 MHz 10 dBuv 10 dBuv/
DC 500 DC 500

ov ov

+ =
90 dBpuv G 4 logik Math Ref Spek Gen Menii
40 dBuv Q RBW: 120 kHz

Ohm B using
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Path of least Impedanc
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Seperating functional blocks
Splitting GND?

Interface I Controller

Slotting the GND Plane to form seperate reference points (AGND, DGNG, PGND)

64 | EMC DESIGN TIPS

MAT | 20.05.2025



Routing the Return Path

Layer Jumps in Critical Signals

o
o
=

N\\\\\

GND

Top

@§

ZZ,
I

“




POWER INTEGRITY




Power Integrity

\oltage Drops caused by Peak Currents

= Digital Systems usually allow for a 5...10% voltage ripple

Au(t) = R * ligate1 (t) + igate2(t) + -]+ L * % ligate1(t) + igate2(t) + -]
- —~ — = —~ —
DC-Drop Noise
In the 90s Industry Standard State of the Art
= U =5V = U =33V = U =1V
= =1A = =3A = =10A
= R =510 = R =1Q = R =0.1Q
= P -5W = P =10 W = P =10 W
Liyget ~=50/10 Ligget ~=1Q0/10 Ligget =0.10Q/10
=050 =0.1Q =0.01Q
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Power Integrity

Defintion

= Keep the voltage ripple lower than the specification

= Stable Supply for all depending Systems Vec
= (ontrol Ground Bounce System

= Stable Reference throughout the PCB Impedance
= Maintain Electromagnetic Compatibilty IC

= Avoid Interference with other Components/Systems

System
Impedance

GND
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Blocking Capacitors

Mode of Operation and Selection Criteria

A 1 kQ. https://we-online.com/re/5k2R7240
wr
100 O
System
10Q
! ‘ Impedance

tlms] IC 1 Blocking 1o
— | Capacitor
ufV] 100 mQ nk
[[A] System 10nF
Impedance 10ma 100nF
1 mQ
> 100 kHz 1 MHz 10 MHz 100 MHz 1 GHz
t[ns]

EMC DESIGN TIPS
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Power Integrity
Effect of Multiple Caps on System Impedance

1 kQ
WCAP-PHGP WCAP-CSGP
875015 019 005 Multiple Articles
1008 330 pF / 4V 47 pF — 1nF
|
10 Q
Q
g
'g, 1Q
E
100 mQ
10ma DC/DC-Converter
Output Response
1 mQ
0,1 kHz 1 kHz 10 kHz 100 kHz 1 MHz 10 MHz 100 MHz 1 GHz

Frequency
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Power Integrity

Optimiziation of Caps in Design

1kQ
WCAP-PHGP WCAP-CSGP WCAP-CSGP
875015 019 005 885 012 206 049 885 012 205 036
1000 330 uF / 4V 330nF/16V /0603 68nF/ 16V /0402
I . ——
10 Q
a
g 275 pH
E 180 pH
100 m{) 'v
10ma Trace/Via Impedance
TnH / mm
1 mQ
0,1 kHz 1 kHz 10 kHz 100 kHz 1 MHz 10 MHz 100 MHz 1 GHz

Frequency
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Blocking Caps

Combined Characteristics vs. Measurement

Layout

o1 I—Measured

g
(]
=)
[
(1]
©
[«]
a
E /

o \ 2\ \/ ,\\

calculat%/w \/
0,001
100.000 1.000.000 10.000.000 100.000.000 1.000.000.000
Frequency [Hz]
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Blocking Caps

Insertion Loss Measurement with Oscilloscope

0 ~ @ @ ® & Fo Trigger Horizontal Erfassung Info 2025-05-16

i ; " f a1 Flk 200mV  Auto 20 ps/div 2,5GSafs  Abtstw 10:31:21
Riick- ~ Wieder- : Bildschir ; Grund-  Zoom i
gingig | holen  Hife  aigy. Annotier gngell hineuf.. Messen v Getrig 0s  527,78kpts 12bit  Hist1253 a =)

[ 8093,V | Tabt E |7MW~‘,‘WMMW%*WWWMMW

70 dsuy Reference Noise: 76 dBuV

- 60 dBpv

50 dBpv

40 dBpv

=30 dBpv

F20 dBpv

10 dBpv

P

- R

w%“& &AW /

[ -10 dBuv

200 kHz 300 kHz 400 kHz 800 kHz 1 MHz

C1-ACIN - R1

1v/ 500 MHz 500 v/ 500 MHz 1( dBpv
DC 500 DC 500

ov ov 30 dBpv

600 kHz

3MHz 4 MHz 5MHz 7 MHz 10 MHz 20 MHz 30MHz 40 MHz 50 MHz 100 MHz
T T T T —

+ + + =

10 dBUY/ 80 by @3 4 Llogik Math Ref Spek Gen Menii

(o) RBW: 9 kHz
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LAYER STACK




Impedance of a VCC/GND Layer System

PCB Layers as Parallel-plate Capacitor

A A
C:g*azgo*gr*a
Area
>< / Dict = C Capacitance [F]
istance A Area [
=D Distance [m]

Material / = g Relative Permitivity: FR4 ca. 4.2
I " g Vacuum Permittivity: 8,85 X 10‘12£
Vm

Example PCB 112x80 mm (d = 100 pm):

_0,009m?
100 X 10~%m

X 8,85x1071% x 4.2 = 3,3nF
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Impedance of a VCC/GND Layer System

PCB Layers as two-dimensional conductor planes

https://we-online.com/re/5s1ByXKX
10 Q Dr. Joachim Franz - Stérungssicherer Aufbau elektronischer Schaltungen, 5. Auflage, S.114
1

100 pm 50 ym 25 pum
2 3,3nF 2 6,7nF 2 13 nF

1, Q
[+]
g l...
_g ----.....
g. ........
E .'...... -----_.-
0,10
WE-CSGP
885 012 205 047
0402 / X7R / 3,3nF
|
0,01Q
100 MHz 1GHz

Frequency

Simulated Impedance of the Vcc/GND System of a PCB 112mmx80mm
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ARRANGEMENT OF
TRACES & VIAS




Single Vias vs Grouped Vias
Ground Connection @ IC Pins

IC IC

Bad Better
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Single Vias vs Grouped Vias
Example: 10x 100nF MLCCs, VNA Measurement

300.000 3.000.000 30.000.000 300.000.000 3.000.000.000
0

10
20
0 15dB = Factor 6
40
50
60

-70

-80

-90

-100

-110
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Single Vias vs Grouped Vias
Example: 10x 100nF MLCCs, Oscilloscope Measurement

4« Pad (0] @ e Trigger Horizontal Erfassung Info 2025-05-16
Riick- | Wieder- @ Bildschir — | G ZS}m & 1 Flk 200mv  Auto 20 us/div 2,5GSa/s  Abtstw a 10:40:11
gingig | holen  Hife  aigy. Annotier gngell hineuf.. Messen v Sto 0s  527,78kpts 12bit  Hist173 = =)

i

Tab 1 \+| |

Reference Noise: 76 dBpV

o #aCh2
+u C51
+uC50

o +4C49

o #a(C48

e saC47

e #4C46

o +u(C45
0 C44

o «a(C43

o
©

'__ 7
‘ '
/

C1-ACIN - R1 I _
1v S00MHz 10y 500MHz 1Q gpuy 10 dBuv 10 dBUV ; =

/ DC 500 / DC 500 K K /i 80 dByY a C4  logik Math Ref Spek Gen Menii
oV oV 30 dBuv 30 dBuv Q RBW: 9 kHz
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Filter Capacitors

General Considerations

= Forall capacitive Filters a low impedance connection to reference potential is key
= For DM: (A/P) Ground
= For CM: Earth / Chassis

= Additional Impedances decrease efficiency of RF short
= THT contact pins

= |nductance of PCB traces Differential Mode Short Common Mode Short
—_ |

= 1nH per Tmm > <] >

= 0.5nH per Via ‘ ’ <]

= Placement connection of steel spacers ? ?

EMC DESIGN TIPS
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Local Supply Loop

Routing to Ground and Supply Pins

[ ]
GND

[

[

Ve

[

Bad
Connecting the Cap using stubs

[ ]
GND
[
[ ]
Ve
]
[ ]

Good
Directing current along Capacitor pads

Better
GND Plane to account for loops inside the IC
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Local Supply Loop
Routing to Blocking Capacitors & Vias

IC VCC 3V3

GND

VCC 1Vv8
GND

Bad

VCC 3V3

1 GND
1 VCC 1V8

GND

Good

VCC 3V3

GND

1 VCC 1v8

GND

Better
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Routing to Blocking Capacitors & Vias

Comparison of standard vs BGA style connection of 3xMLCCs in parallel (2.2pF + 330nF + 68nF)

300.000 3.000.000 30.000.000 300.000.000 3.000.000.000
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Routing to Blocking Capacitors & Vias

Comparison of standard vs BGA style connection, Oscilloscope Measurement

L @) V. Q S L] Fel Trigger Horizontal Erfassung Info 2025-05-20
Riick- ) | @ | e Zone €2 rk ov Auto 20 ps/div 5GSafs  Abtstw a 09:46:48
gingig  Hife  Foto  Annotier. Sngell’  pinzuf. MeSSEN pinuf. v Sto 0s 1,06 Mpts ~ 12bit  Hist186 =1

Tab 1 -

Reference Noise: 76 dBpV/

R1 _
10my/  500MHz 10 gpuy 10 dBuv
DC 500

ov 30 dBpv 30 dBpv

+ + + =

80 dBpv C1 a C4 Logik Math Ref Spek Gen Menii

(@) RBW: 9 kHz
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Filter Arrangement

Layout: Influence on Insertion Loss

1 1 1 1
B w NJ =
o (@) (@) (@) (@)

Attenuation [dB]
1 [}
o U
o O

I
~
(@)

-80
-90

-100
100 kHz 1 MHz 10 MHz 100 MHz 1 GHz 10 GHz

0805, Good Layout Frequency
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Filter Arrangement

Layout: Influence on Insertion Loss, Oscilloscope Measurement

o Trigger Horizontal Erfassung Info 2025-05-16
R;:k_ Wl.;:er_ @ Bildschir ?_ Grund- ijm s " €1 Flk  200mvV  Auto 20 ps/div 2,5GSa/s  Abtstw a 10:45:28
gingig | holen  Hife  aigy. Annotier gngell hineuf.. Messen v Sto 0s  527,78kpts 12bit  Hist189 = =)
- B
9y . I .
o Reference Noise: 76 dBpV
o / B
e W\
ey v"?ﬂﬂ %
60 dBivl Y
\\
i
E0dEw oy
N
%
a0 dBiv -”*'-\
"y
¥
B0 dBivl
| 2B .
.‘\3:{::“
o dsid -
o »
-Ei0dBiv
0805, Good Layout ™ sow T 11 1B
00 ayou 500 MHz 500 MHz 10 gppv 10 dBpv 10 dBUV, i =
U \/ Tv/ DC 500 40 mv/ DC 500 W W / 80 dBuV (3 4 logik Math Ref Spek Gen Menii
ov ov 30 dBuV 30 dBuV Q RBW: 9 kHz
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Filter Arrangement

Layout: Influence on Insertion Loss

1 1 1 1
B w NJ =
o (@) (@) (@) (@)

Attenuation [dB]
1 [}
o U
o O

I
~
(@)

-80
-90

-100
100 kHz 1 MHz 10 MHz 100 MHz 1 GHz 10 GHz

0805, Good Layout Frequency
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Filter Arrangement

Size and Via Count: Influence on Insertion Loss

0
o_ln
L Qc!! -10
0805, 1 Via 50
o
T iR -30
T ¥
0805, 1 Via S -40
3
e 5 50
T ! c
g _
0603, 1 Via g 0 :
-70
80
0603, 3 Via
-90 -
" -100
0402,3Via 100 kHz 1 MHz 10 MHz 100 MHz 1 GHz 10 GHz

Frequency
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Blocking Capacitors

Routing to Ground and Supply Pins

= RF Currents are fed from the Capacitor
= \/cc/GND Plane only see low frequency currents
= Keeps magentic loop for RF as small as possible
= Distance of Cap to PIN = 0,3mm |C

= Low impedance connection to the capacitor
= Keep lines symmetrical (if possible)

= Parallel Vias reduce impedance to GND/Vcc planes
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Simulation Einfugedampfung tuber Frequenz

Via Anzahl
Anzahl -20 r. Franz - Stérungssicherer Aufbau elektronischer Schaltungen, 5. Auflage, S.
1 1,538 _
2 1,240 -19.4 -30
3 1,176 -235 _
S -40
> 1,171 -239 =
g -50
=8
O 0,00 .
O ONNO ONENO OO
o OO0 oo ommo
@) OO0 70
10 MHz 20 MHz 30 MHz 40 MHz 50 MHz

Frequency
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Parallel VVias

Discussion: Arrangement of Vias

What is the best way to arrange Vias (theoretically) ?
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Filter Arrangement

Caps vs. T-Filter: Influence on Insertion Loss

1 1 1 1
B w NJ =
o (@) (@) (@) (@)

Attenuation [dB]
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-80

-90

-100
100 kHz 1 MHz 10 MHz 100 MHz 1 GHz 10 GHz

0603, without Ferrite Frequency
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GROUNDING
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Filter Placement

Diverting Noise to Earth

ESD

- CM Noise .

- Connector

~--_"

better

Conductive Chassis

= Grounding studs have to placed so that disturbances don't affect the electronic parts
= Reference ground for ESD (and common mode noise) is earth potential
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Capacitive Coupling over Heatsink

High du/dt common mode currents through parasitic capacitances

LISN

Conducted Emissions on a Flyback Converter Heatsink bonded to reference potential

EMC DESIGN TIPS
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POWER INDUCTORS

Layout Considerations




Orientation of a Power Inductor

Keeping the Hot Node as small as possible

= Power Inductors with more than one layer of windings usually have marking indicating the start of winding
= Start of winding should be facing the Hot Node, so outer winding can act as a self shielding

= Even for Inductors with only one layer, orientation can make a difference (Height of terminal)

= Not every Inductor has a distinct start of winding due to the production process (e.g. Rod Cores)

—

®
Marking

10,5 +0,3

[ J
Marking

4,1 40,2
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Traces below Power Inductors

Bottom side of Power Inductors is not shielded

bad good
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Conductive Plane below Power Inductor

Influence on Inductance

10%

744771122
WE-PD 1260
8% 22 pH

9%

7%

6%

5%

AL

4%

3%

2%

1%

0% —
O mm 1T mm 2 mm 3 mm 4 mm 5mm 6 mm 7 mm 8 mm

Distance between Inductor and Conductive Plane

EMC DESIGN TIPS
100 | MAT | 20.05.2025




Conductive Plane below Power Inductor

Layout Options

Opening in GND Plane Tradeoff - GND Grid

Continuous GND Plane

WETC]
|

+ Shielding the electric Near Field + Reduced Eddy Currents + Reduced Eddy Currents

- Radiated Noise through PCB + Reduced radiated Noise

- Eddy Currents affect Inductance
- Increased Layout Efforts

EMC DESIGN TIPS
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CRYSTALS &
OSCILLATORS

Layout Considerations




Quartz Crystals

Layout Considerations

0 o
°C 1 0
GND Plane under XTAL —— :
(@] ; : OOOO
@) I
|
Connect Housingto GND ————'© : —l=
O OO O O O O

No Vias on Crystal trace

Critical Signals as far

away as possible —— |

XTAL1

XTAL2

GND

170
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Via Fence around
Crystal Circuitry

Load Capacitors:
Low Leakage, stable
over temperature (NPO)

Crystal as close as
possible to IC

No stubs, No loops



Crystal Oscillators

Layout Considerations

O O O O 0O O O O OO0 O .
o Via Fence around

100kQ Pull-Up °U Crystal Circuitry
if EN is not required - o

ni-Filter for RF Decoupling
of Supply Voltage

Cut Out GND Plane XTAL _out

under Oscillator

XTAL_in
GND Keep RF Lines

Via to shorten GND Path as short as possible

Critical Signals as far
away as possible

No Layer Jumps
on RF Lines

170

INIRINERERINE
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n-Filter for RF Decoupling
For Crystal Oscillators (@ 50MHz

10 kQ .
| 50 MHz
|
1kQ |
| \
100 O |
|
I
10 Q |
I
1Q
vz
885012 206 089 885012 206 085 742 861 160
100 m€ WE-CSGP 0603 WE-CSGP 0603 WE-CBF HF 0603 I
10 nF, 50V 2.2 nF, 50V 900 Q @ 350 MHz 1
]
10 mQ |
10 kHz 100 kHz 1 MHz 10 MHz 100 MHz 1 GHz 10 GHz
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