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Doseganje EMC

Resitve in cena

Resitve na voljo
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Zakaj EMC?

http://www.compliance-club.com/archive/old archive/Bananaskins.htm



http://www.compliance-club.com/archive/old_archive/Bananaskins.htm
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Resnica

"Some of the worst printed circuit
boards we've seen were designed by
engineers who were trying to comply
with a list of EMC design rules.,

Todd Hubing
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Osnovna delitev EMC podrocja

Motnja/ P - Prevodna (Conducted)
emisija e Sevalna (Radiated)

Odpornost/< e Prevodna (Conducted)

imunost IRCVCIRERGERIELE.)
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Model EMC

* Model, s katerim se prikaze elektromagnetne
motnje, ima tri osnovne gradnike:
@ jzvor sevanja (motenj),
o sprejemnik,
o povezava med izvorom in sprejemnikom.

Povezava

Naravni * Prevodne » Bioloske
Umetni » Elektricno polje  Umetne
Namerni * Magnetno polje

Nenamerni « Elektromagnetno polje
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lzvori motenj

VF potenciali VF tokovne zanke
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lzvori moten|

* Vprasanja:
= Kje tecCe tok?
o Kje so napetostna
nihanja?
= Kaksna je frekvencna
vsebina toka, napetosti? T2V dB/dek
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Kapacitivni prenos motenj (prek E polja)

C12
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Induktivni prenos motenj (prek H polja)
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Prenos motnje preko EM polja

r(m)

d (m)

E-field H-field

Near field Far field

plane of E-field

Radiating direction of
source propagation
Il NIl D NS b . +

plane of H-field

ratio E/H is constant
complex field

geometry, ratio
E/H varies with
position Electromagnetic wave

Tim Wiliams, EMC for product designers
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Prenos motnje preko EM polja

Agresor —

SN

. Zrtev
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Prevodno-sevalni prenos moten]

Napaianie Elektri¢ni tok z Agresor
pajan) motnjami 8
Y /
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Prevodni prenos motenj preko skupne mase

Agresor /rtev

+

Renp /N

Y

Usno = Reno * (11+15)
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Diferencialni in sofazni signali
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Primer vira diferencialne motnje na TIV

Radiated emission

.’

lllIllII’

Current IS Loop of area A, formed by signal and return tracks

Tim Wiliams, EMC for product designers
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Primer vira sofazne motnje na TIV

ground connection
may be via stray
capacitance

Cable

Radiated emission

Ground plane

3

=

ground noise voltage V)

common-mode current |

Tim Wiliams, EMC for product designers
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Nivoji zascite EMI

Najhitrejsi signali

Optimalen razpored
prikljuckov

Tiskano vezje

Vecplastna vezja,
zrcalne ravnine

Minimizacija povrsin
zank

Blokiranje
napajanja,

Filtriranje
Kontrola dviznih

c¢asov

Oklopi
Ozemljitve
Filtriranje

Zakljucitve

Oklopi
Ozemljitve

EMC 20.3.2018

Program

Maskiranje in
popravljanje napak,
watchdog
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Nacrtovanje tiskanega vezja

|dentifikacija ZdruZevanje / Postavitey
Postavljanje kriti¢nih lo¢evanje elementoy
delov sklopov
Identifikacija Povezovanje Povezovanje
Povezovanje kriti¢nih kriti¢nih preostalih
signalov signalov signalov
e LoCevanje Blokiranje in
Napajanje napajialnlh mas/napajanj filtirranje
tock
Izbira
Ohisje/PCB strukture Ozemljevanje Oklapljanje

plasti
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Postavitev

Priklop

‘ VF prikljucki ‘ ‘ NF prikljucki napajanja

Ura, ojacevalniki
urinega signala,
hitra logika

Srednje hitra Nizkofrekvencne
logicna vezja digitalne 1/O enote

A/D in D/A Nizkofrekvencna
pretvorniki analogne /0O enote

Pomnilnik

Analogni prikljucki
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Priporocila za postavitev prikljuckov

* Vsa komunikacija iz istega Cipa naj poteka preko enega
skupnega prikljucka
= Sofazni tokovi so mnogo lazje obvladljivi v vodnikih, ki so del
istega prikljucka in kabla.
- Cip, katerega komunikacija je povezana na prikljuéek, naj
bo Cim blizje tega prikljucka
= S tem ohranimo povezave na TIV kratke. Ce je linija dalj3a,
potem je bolj verjetno, da se nanjo sklapljajo motnje iz TIV.
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Priporocila za postavitev prikljuckov

* Komponenta, ki nima povezav na prikljucek, naj ne bo
preblizu prikljuckov.
= Tipicno naj bo oddaljena vsaj 2 cm, odvisno od primera. Na
ta naCin omejimo motnje drugih elementov, da se ne
sklapljajo na prikljucek.
* Postavite prikljucke skupaj na eno stran ali v en vogal TIV
s Na ta nacin jih je lazje ohranjati na istem potencialu
= Ne postavite hitrih vezij med prikljucke
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LAYOUT #1
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Feritni obrocek
O\

Gl

\~~
~
~
______

Diferencialni (koristni) signal Sofazni (motilni) signal
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Tokovne zanke na tiskanem vezju

Magnetic field
Opposite currents __intensity

Magnetic field intensity

Similar currents
- 'A..‘...,/ /?/

LTC EMC seminar Kista December 2012
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lzkustvena pravila

* Visokofrekvencni tok bo vedno tekel blizu zunanjega roba vodnika

* Pri 35um debeli bakreni liniji se kozni pojav pojavi ze pri 3.5 MHz

* Kozni pojav zmanjsuje efektivno induktivnost

- Zica z manj&im premerom ali vije imajo ve&jo induktivnost

> Sirge linije imajo niZjo induktivnost

* Diferencialni visokofrekvencni tokovi tecejo po notranjem robu
diferencialnega vodnika in tako znizujejo induktivnost

* |zsevana energija je sorazmerna povrsini zanke, po kateri tece tok

* Visokofrekvencno magnetno polje bo vedno naslo poz iz naprave
in sevalo v daljnem polju, zato pri nacrtovanju skusamo vedno
zmanjsati zanke, kolikor je mogoce.
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° Q
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Pretvornik navzdol
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Blokiranje s kondenzatorji

* Vzpostavitev dodatne visokofrekvencne nizkoimpedancne poti za
spreminjajoCe tokove s pomocjo kondenzatorja
= Pot naj se ¢im manj sklaplja z glavnimi napajalnimi linijami
o Pot naj ima ¢im nizjo impedanco
- Cim kraje linije
* Uporaba vec vzporedno vezanih kondenzatorjev

oc (") Breme —,
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Realni kondenzator .

l/ 1000
1004
G) |:J Yon |
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- D i - R i i — . T T T T T
D:\_FE\PedagogikalCES - ang2044140 - Power supply decoupling!Real capacitor.asc P 100iCHz AMHz 10MHz 100MHz 1GHz 10GHz
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Razlika med kondenzatoriji

EMC
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Z ESRI[Q]
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10.000
|-E -
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Ucinek paralelne resonance

Rpl
oad
Vi Llll B Vpulse
Ch1
QD T““" I2V(load)"Vijpulse) 9

Aran 20u PULSE(1m 0.3301n 1n 0 10n)

pulke

Viload)
3. 42

3,40+ |

2. 28V

- 1

3 24y} |

3.20vH

3-181‘!" T T T T T T T T T
Ous 2ps Aps Bps Bus 10ps 12ps 14ps 18ps 18ps
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Filtriranje

B Differential mode noise B Suppression method of differential
mode noise
" " %
Signal 9 —_ > —> Signal __9/? ¢
source 1‘ \I/ 5 source S
S - S
Noise N) A \l, 2 Noise I\D _|
source €< € <— source 1\ \l/
B Common mode noise B Suppression method of common
_ mode noise (1)
Signal Stray Signal st
source capacitance Suppresses noise. ray
o ;1\_:" > > > _é P source - —  Jcapacitance
Noise E‘% E N A < ¢ L E _____
source ; oise % T ]
> = > = i source® =1
Stray s -~ Stray - -
capacitance i « « < <« E capamtance; E
ﬂ h

Reference ground surface Reference ground surface
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Dusenje resonanc filtrov
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Podatki feritnih dusilk

EMC

20.3.2018

Impedance  DC resistance Rated current® Thickness
Part No. (Q)[100MHz]" (Q)max. (A)max. T(mm)
MPZ1608S300A 304100 0.01 5 0.6
MPZ1608S600A 60+25% 0.02 3.5 0.6
MPZ1608S101A 100£25% 0.03 3 0.6
MPZ1608S221A 220£25% 0.05 2.2 0.8
MPZ1608R391A 390+25% 0.12 1.2 0.8
MPZ1608S471A 470x25% 0:15 1 0.8
MPZ1608S601A 600£25% 0.15 1 0.8
MPZ1608Y600B 60+25% 0.03 2.3 0.8
MPZ1608Y101B 100£25% 0.04 2 0.8
MPZ1608Y151B 150+25% 0.05 1.8 0.8
MPZ1608D300B 30£100 0.06 1.8 0.8
MPZ1608D600B 60+25% 0.1 1.2 08
MPZ1608D101B 100£25% 0.15 1 0.8
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Razlike med feritnimi dusilkami z
enakimi specifikacijami

1000
1000
~— Z (Impedance)
——— R (Resistance)
———— XL (Reactance) ail
@ 100 g 100
© g
o -
b £ —— MMZ1608B121C
a 10 10 - —— MMZ1608R121C
E MMZ16085121C
MMZ1608Y121C
| —— MMZ1608D121C
’ |
1 1 10 T 100 1000 1 5 e i
Frequency (MHz)

Frequency (MHz)
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Primer dizajna filtra

Power supply with two differential filters

EMC

kondenzator

Cpls
2.2n 2kV

Sofazna

GND
dusilka
Lpl
Lp2 4 Tul
- ] TRpl
Femite Beal 18 (‘!‘,&_..\ Il I CpsB | ot PoE_Caoleraft ]:\[:\‘[0|(|\g|
B — 4 9K Pt P [ \0uF. 100V 3 1 <8\
ST 3 210 <1k, 0 oF, i
Bpl Rpl 121 o s -
== 603 Lpcoml 3
IMI)II“ - . Upl ) Dp2 PRIM o | CpoA 2 Lpcom ; CpeB
e — FRS CTL ——————— . MURA120 . 2 T 100uF
Dp6 = BLNK VB = PP EXT it : 1210 1 4 1oV
CplA CplB 2 - . 3 2 S G
— Joobo APD s L ouH
—luf =28 T GouF 1 : Sl ) )
0V & 100V [0 ] cLs VC = Xpl i . GND
0603 = 0805 | oND EXT 9] DEN GATE =¢ SHS4SDY N/ BIAS
= — VDD RTN —= GND_EXT
- = VDD VES
TPS23753 i P2 5y
B4y bk TEaimars :
:{.1 . hoto BASIE Vee SENSE
- DRV R19
Lpi - = Ik
- i PT J z = 0402
Femite Bead GND_EXT Dp3  Rpb =wF| s & &
i i 1206 A SLEDI
Dpl GND_EXT | BAS16 4°R .r.l e - LED_0643
+12V_IN i Cp3 0402 !
MURAI20 220 10uk I GND
Rpl £
392k Rp2 sy
P ‘Ilil‘lf'} GND_EXT T
pl4 unl‘.
19K . i
[}TI 3 Lp» pLI 1 cpo Pe
N I o
GND_EXT Cpl2 GND_EXT 402 1402 ,I:?:} r:}*
5.8 Dp* e e
o0z oci : Il
GND Rpl3i - 4 1 17
100k LS -— # BAS16 (I]'I"
P . > . e
Enable_12V_Out s 1 7uH 2 3 |
- 5 — | Lot
e r ! j TCMT1107 ' 6 Suf
5V TPS61081 ) ) 0402 0n
VIN = SW e R21 GND EXT cps |
EN ouT ol L00nF == P3
Cpl9. =i L_Cp2o 0603 L 10
4.7 ::“ BreND TI Tuf cp21 SLED3 Ups TLast .,I:L
e -8 2 Zru — 206 )= I 1] T 18630 W3
1206 (.1';':[:__ oo S s | 120 33pF LED_0& v LP38630 3v3 3 R20 0402
et - J 0402 GND IN OUT
2 Cplé g cpl7 170R - 02
Hous & Hour 0402 LED_0603 GND

AT
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Kor\)guktivne motnje na 12V napajalni liniji

aBpv | 1750 1 MHz 10 MHz

SGL

2 Av _80"‘

CLRWR
E 220

6DE

80 kH=z 30 MHz
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9 kH=z

IO%H tuljava v NF fllt;[u

30 ms
Att 0 dB AUTO PREAMP OoN
aBuv | 15 1 MHz 10 MHz
-100 SG
2 AV 30
CLRWR
ENSS(220
-6 0
i
6DEB
L0
20

80 kH=z 30 MH=z
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10 »H tuljava + 4.7uF kondenzator v NF filtru

30 ms
Att O dB AUTO PREAMP ON
aBuv | 15 1 MHz 10 MHz
-100 SGL
2 av 80
CLRWR
ENSS(220
ENSE(22A
\
6DE

80 kH=z 30 MH=z
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Razlicne feritne dusilke

FB1 FB2

1000 10000
e SN
pg SN 1000
/ 1 ) \\ x
100 L el i d N NN .
=7 - e
_— 2 ‘tk N —_— A \
% 7 [} g \ % 7 \ \| .
o / % o ” s \ \ N
= 7 A c 4 y \
g ] a g 100 o
@ / 4 1 N @
o o e
/ ! - 1 i
10 L 4 4 ¥ .
+ + 10 s L
] ~
/ ]
y ] . 7
T 4 »
¢ i
1 i ! 1 :
1 10 100 1000 1 10 100 1000
Frequency [MHz] Frequency [MHz]
— 7 - e o XL - - R

- e o XL - = R
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/ RBW 120 kH=z
MmMT 30 ms

Att 0 dB AUTO PREAMP ON
aBuv | 15 1 MHz 10 MHz

-100 SGL
1 PK
CLRWR

ENSS(0220

ENSS¢g22A

6DE

80 kH=z 30 MH=z
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FB2

Att O dB AUTO PREAMP ON

aBuv | 1505 1 MHz 10 MHz

-100 SGL

LRWH

N O!
L
-

CLRWR

ENSS(0220

6DE

30 MH=z
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Z CIO @ REW 120 kiz

MT 2 ms
Att 0O dB AUTO PREAMP ON

dBuv | 159 100 MHz 1 GHz

-100 SGL
2 AV | 30
CLRWR

EN594022(p

60

EN59022A

RE 42PK i

40 ‘-

6DB

RE24BQP A X [

X [ £ [[rr. [f

L0

—20

30 MH=z

3 GHz
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Brez Cy &

MT 2 ms
Att O dB AUTO PREAMP ON
dBpv 120 100 MHz 1 GH=z
.100 SGL
1 PK
CLRWR

2 AV 30

CLRWR

EN54022p
-60
ENS54022RA

6DE

-0

-—-20

30 MH=z 3 GH=z
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Primer pretvornika navzgor

Input voltage

. Output voltage
Shunt resistor

measurement. DI measurement.
Vin L1 L2 Rl 2m Vhat Poutl
1 T o YL Drai 2 '\rl . AL . 1 T 1 .
2.4uM ] 22uH 1 —
Pint1 2
7k PME(G3030ED J Battery
ADCY cr ol ¢z s - connector.
u g u u e
e Rs L, MOSFET-N 4 o8 our 1 Pout2
] Hee 11
m — r— r— REF] VS —
= = ; = . ; = ut ;
- = = - INA240A4-Q1
Power MOSFET. Provide
W LS adequate cooling. Differential amplifier, that measures
é N ogT [ voltage drop on a shunt resistor for output
Vbat—— Véc = 2 | MOSFET gate driver. current measurement. b LR, e
2 B IN_REF is input signal reference pin. REF1,2 are output signal reference pins. J_ _L J_ 0 J_
. B . 600R
o | = VEE is the output signal reference pin. oo clo ==en ez
y . . . LU n n n
L Provide adequate cooling through GND pins. T T T T
= _L_
U3
Lo pi Pag E——ADC0 Vdd
ay L ADCI L3 e
vdd L ST 2. pro-0SC IN(PFO)  PA2 [a—"DC2 sul !
T — PF1-0SC_OUT(PF1)  PA3 <1% U4
PA [ v LL S ann |1 Vbat
R 1 2 e T2 v nys -
0k |||—> BOOTO PAG [t . 3y T =
PAT K- 4 7
NRST 4 i NRST SS  EN ——fVbat or cs
L4 NRST PAY ks 1 5 6
PALO <u% SWDIO  —— 2 RT PGOOD 100nF 100nF
PAI3SWDIO) [age— o -||| I I AN ST vy
PALASWOLK) (<2 4 prika =
15 16 Vdd——— 5
Ve Vg[D)g 5 :/ggA Programming header = =
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