KOPPLUNG HOCHFREQUENTER
SIGNALE AUF DER LEITERPLATTE

Field Application Engineers

WURTH ELEKTRONIK MORE THAN YOU EXPECT



= Kopplungzwischen Stromkreisen
= Kopplungsarten 7
= Messungen mit Nahfeldsonden

= Schirmanbindung
» Pfade hochfrequenter Strome
» Impedanz des Ruckstrompfades
» Messung des Magnetfeldes der Leiterschleife
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Kopplung zwischen Stromkreisen

Kopplungsarten

Messungen mit Nahfeldsonden
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Coupling effects

Overview

= Dominant capacitive coupling when Zjy5q 2, = o
= Dominant inductive coupling when Zj,542 — 0
= Impedance coupling when they have the same common return (Ground plane)
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Kapazitive Kopplung
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= Annahme und Vereinfachung: X¢ . > R;illZjpad1 = Uc,, > Unoisel = Uc,,~Unoise
= Storspannung an der Last:

Ri - Z10aq1 dunoise  Ri - Zioad1

Unoisel — Lnoise * — L12
Ri + Zy5ad1 dt  Ri+ Zjpad1
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Kapazitive Kopplung

= Beispiel:
= 2 parallele Mikrostreifenleitungen mit 2mm Breite, 50mm Lange und einem Abstand von 2mm (e, = 2,4)
- C12 = 1,7pF

= Schaltflanke eines MOSFET:
= Rj =10m&, Zjpaq,1 = 5O

= U; =5V 2> Upaq1 =499V
= Storspannung:

= Signal-Rausch-Abstand:

dupoise . R; - Zload,l

o =Cy, - = 17wy
Unoise)] 12 dt R; + Z]oad,l "

)

\Y
SNR = 20 - log( ) = 109,4dB
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Induktive Kopplung
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Induktive Kopplung

= Beispiel:
= 2 parallele Kabel (@ 5mm), 10cm (ber einer leitfahigen Ebene, mit einem Abstand von 10cm Gber eine Lange von
10m > My, = 1,61pH
= Anderungsrate des Stromes durch die induktive Last Z1oad 2:
= Ry =10mQQ, Zjpaq1 = 10
= Uy =24V > Ujpaq1 = 23,76V
= Storspannung:

= Signal-Rausch-Abstand:

- — M. dinpise . Zload,l
noise,] 12 dt Ry + Z10aq1

= 3,19V

23,76V
3,19V

SNR = 20 - log< > = 17,45dB
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Impedanzkopplung
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= Koppelimpedanz:Z, = Ry + jwL,
= Storspannung an der Last:
Unoise Z1oad1 * Zo

Unoisel —

Zload,Z + (Ri + Zload,l) ”ZO | R; + Zload,l + Zy
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Coupling effects
Simulation in CST EMS

Copyright Seibersdorf Labor GmbH
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i SEIBERSDORF
Coupling effects C ABORATORIES
Current path with a u shaped conductor simulated in CST EMS L R Ll R L]

100kHz 10kHz

[Clanp to range: (Min: 8/ Max: 2+896)] am2 [Clanp to range: (Min: 0/ Max: 2e+006)]
Outside plot Outside plot

2kHz

Copyright Seibersdorf Labor GmbH
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i SEIBERSDORF
Coupling effects C ABORATORIES
Current path with a u shaped conductor simulated in CST EMS L R Ll R L]

200Hz 100Hz

[E1amp o range: (Min: B/ Max: 2e+006)]
tside p

50Hz 10Hz

Copyright Seibersdorf Labor GmbH
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Coupling effects

Return path of high frequency current
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Coupling effects

Return path of high frequency current

Ca. 52dB. ... Verschlechterung um ca. 15dB, im gesamten Bereich der Freistellung
Vergleich

... ca.-67dB

1 6 | KOPPLUNG HOCHFREQUENTER SIGNALE AUF DER LEITERPLATTE

PUBLIC | DZE - HPK | 2022




Coupling effects

Return path of high frequency current
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Coupling effects

Near field measurement
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Coupling effects

Near field measurement

S EM v
SCANINEPE ° |

i . NN EE ‘
e (]
I 1
[ 1] y
EE mE
% Eal il [ ] Lt - L L L3
& W ¢ 0 & F e ¥ i / K L M N O P Q@ R S T IJ V W X Y Z A\ AB AC AD AE AF AG A Al AJ AK AL AW BN pQ W

1 9 | KOPPLUNG HOCHFREQUENTER SIGNALE AUF DER LEITERPLATTE

PUBLIC | DZE - HPK | 2022

Amp

Amp




Coupling effects

Near field measurement with ferrite shielding between signal and GND
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Coupling effects

Near field measurement
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Coupling effects

Near field measurement with ferrite shielding between GND and the near field probe
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Coupling effects

Near field measurement with ferrite shielding between GND and the near field probe
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Messung mit dem EMScan

Spectral
Amp [21.5 to 57.3 dBuV] Freq[0.061 to 49.988 MHz]
Resolution Bandwidth: 0.061035 MHz  Attenuator Value: 0.00 dB
Scanner Module: ISM-8G-VE, 29 x 42
Date: 2021-05-04, 11:15:55

a8 TRRATAT: A

16.0
0.08 10.05 20,03 30.02 40.00 45.95

il Trig’'d M Pos: 0.000s
A4

Amplitude(dBuy) Auto
(9]
o

Freguency(MH=} Auto

Grid Show Peaks 8 dBu [JLog Scale
dBm

Spectral
Amp[85 to53.1 dBuV] Freq[50.003 to 1000.051 MHz]
Resolution Bandwidth: 0.061014 MHz  Attenuator Value: 0.00 dB
Scanner Module: ISM-8G-V8, 29 x 42
Date: 2021-05-04, 11:18:16

Amplitude(dBuy) Auto

430.02 520.03 210.04 1000.05
Freguency(MHz)} Auto

Grid Show Peaks 8 dBuv [Log Scale
dBm

" s0.00 240.01
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' SEIBERSDORF
Coupling effects C ABORATORIES
Simulation L R Ll R L]

Simulationsoftware:
Sim4Life = FDTD-Simulationstool (FDTD=Finite Differences in Time Domain)

Swiss company ZMT (= Zurich Med tech)

Model:
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' SEIBERSDORF
Coupling effects D ABORATORIES
Simulation 1 LRIl R

Magnetic-field simulation:

1cm under the prin (identical to the near field measurement with the EMScan)

Hix.y.2.10] in dB, at 0.025GHz
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ing effects

Coupl

Simulation

Current path

On the GND layer
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Schirmanbindung

Pfade hochfrequenter Strome
Impedanz des Ruckstrompfades

Messungen des Magnetfeldes der Leiterschleife
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Shielding
Cable shielding

RADIATED NOISE

Without shielding, big enclosed current loop

surface
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Shielded E-field
uncompensated H-field

L —-—

Shielded E-field
compensated H-field

Added shielding,one end grounded,

big current loop surface

Added shielding,both ends grounded,

reduced current loop surface




Shielding

How should you attach the shielding?

Ay PicoScope 6 - X

| Detei Beabeiten Ansichten Messungen  Werkzeuge  Hilfe
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Shielding

E — field measurements in the emc chamber
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Shielding

E — field measurements in the emc chamber
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Shielding

Cable shielding examples

Area coverage of the braided shielding > 85% Every twisted pair should be shielded seperatly
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