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CE Marking “e——

WURTH ELEKTRONIK

With the formation of the single European market,
standardization was required to remove technical barriers to
trade.

New Approach Directives were introduced to remove these
barriers to trade

RUSSIA

BELARUS

20 regulations and directives:
LVD - Low Voltage Directive 2014/35/EU
EMC - Electromagnetic Compatibility 2014/30/EU
R.E.D. - Radio Equipped Directive 2014/53/EU
MD - Machinery Directive 2014/90/EU

UKRAINE

TURKEY
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Other International EMC approval marks W=~

WURTH ELEKTRONIK

= Federal Communications Commission I l( :
= Voluntary Control Council for
Interference V<C I

Australian Communications and
Media Authority
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Design phase for EMC “lale—-

WURTH ELEKTRONIK

« Economical point of view:

* Depends on you when will start to design EMC conform

Cost A

— [ -
— -~ -
—
Sign in considerey
' ' >T'me
Development Prototyping Production !
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How can we check the EMC ? “WE—-
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Source Impedance

low

high

high or
unknown

low

low or
unknown
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high - small C = higher SRF
high
high or
unknown
Choose ferrite bead or
low inductors L which
= build no resonance with C
| = broadband filter
oW Or . .
unknown Pay attention to:
SRF of used components
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EMI NOISE SOURCES
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Representative noise sources “l—-

WURTH ELEKTRONIK

Conducted Emission Radiated Emission Conducted Emission

\ // U N \ /
Vsup @ Vin :I:: ZX — \} Vout
\‘\ Cin Cout /I
) . ANy 7 a®,
Input current caused by voltage ripple - »conducted Emission”
Power traces and choke radiate EMI > ,,Radiated Emission*
Output current caused by voltage ripple - ,»Cconducted Emission*“

Radiated emission will increase by using long input / output lines(cables)
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Noise loops in DC/DC buck converter =

= From an EMI point of view, the current loop with the highest di/dt is the input area (“A”) , which will
generate the most high frequency interference and should be considered the most critical loop in

buck converters.
» The di/dt of the current in output area (“B”) is not as high as the input area (“A”) and normally

generates less noise

IN
A
- R1
Controller = M1
-+ v Q1 —
1 Lstore ouT
T Gin Q2 ' L0 > l
om Cout Rload
m A B h
q ¢ . J.T
- ¥ v
NS R2§
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Noise loops in DC/DC buck converter

EE—-

WURTH ELEKTRONIK

Theoretically, the input and output capacitors are considered ideal at very low impedance for the buck
converter switching currents. Unfortunately, in real life, capacitors have ESR (Rs) and ESL (Ls), which
increase capacitor impedance and result in extra high frequency voltage drops across the capacitors
This voltage will induce currents in the supply input line that also have parasitic inductance in addition to
the output due the connections to the load

|

R2 Output noise

N Linput_line
/\ Rs e R1
Controller I, M1
V1
T Q1 —
C) ::Csuurce Lstore ouT
T Cin Q2 b
1] [— Rs
L M2
Ls =4
e Cou Rload
Cldad —|——
v L %Ls

Input noise
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Conducted noise at converter input

e

lin

DC

DC

.
:'|R+ ESR |
| | I

I lCin
|IL ESLl
V|_____|
|Cap /M

Conducted Emission is generated by voltage drop across Rg,, and ESR,
= Rsup *lin+ ESR * [Cap

|4

Noise

VNoise = Rsup * lin + ESR*Icap
Resonance circuit is formed by L, C;, and ESL;,

=1/ 2MV(Lsup-ESL)*Cin
Different harmonics due to fundamental frequency from fypc and freconance circuit
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Conducted noise at converter output 8 /==

WURTH ELEKTRONIK

LConverter Iout
YT Y >—<:|
1 L il
r—L— [~ — —
I ESR | g I IR+ ESR |
I e | l
DConverter I D ZXJE: I '%" : IC+ C I COut VOU[
: I Q | 'y - Est !
L g | = b o e —
I —[— — leap ]

Conducted emission is generated by voltage drop at ESR.
Upoise = ESR e * [Cout
Resonance circuit is formed by Cp.onverter » Coutr Leonverter » @aNd ESL gy

1
fo= 2m\/(ESL,, )*COut
Different harmonics due to fundamental frequency from fycpc and fresonance circuit
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Radiation of PCB traces -

WURTH ELEKTRONIK

Power and signal loops have antenna characteristics
Radiation can occur over the entire power and signal loops

Field strength depends on spanned loop, peak value of alternating current, frequency,
distance between noise source and noise receiver

Design recommendations:
» Keep power and signal traces as short as possible
» Keep power and signal loops as small as possible
» Route the trace over GND plane

-
DC/DC L HH DC/DC L \FE

A
ov

GND plane ]

loop antenna

not recommended better recommended
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WURTH ELEKTRONIK

FILTER DESIGN
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»L“ Input filter No—-
(minimal recommend filter) WURTH ELEKTRONIK

N DC
—<]

DC

—~
N

@ Vin i — Vout
)
N

Vsup

=Simple L-Filter
> Input filter reduce current ripple on input line
» Input filter reduce differential mode noise on input line
» Input filter reduce radiated emission via input traces

Attention!!! This filter is not efficient to reduce common mode noise on input lines
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Calculating rated current I, “WE——

WURTH ELEKTRONIK

o], = (Vout)(Iout)
L (Vin)(E)
=\Vout =Output Voltage Ex: 5V
=|lout= Output Current Ex: 4A
=Vin= Input Voltage Ex: 20V
=E= Efficiency (/100) Ex: 80% min.

=For Example:

_ (5V)(44)

"1, = (20V)(0,8)

= 1,254

=To avoid saturation & heat considerations choose a choke with higher rating current
*To avoid losses in efficiency choose a choke with low DCR
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Wideband input filter

(recommended filter solution)

[ ———

. /// \\\
- — 7 Eerri \
T - filter -/ Ferrite sase UPN DC
— ) E—
{\ Lin | DC
\ Vi Vv
\ 1 ,s¥ N . out
@ \ —T / —
Vsup \\\\ Criter .-~ i Cin v
S~ _’}// —
N
= T-filter recommend for wideband filtering <~

> L, for low frequency filtering (DC/DC converter switching frequency)
> Ferrite for high frequency filtering
» Ciier Shorting ACnoise to GND (220pF < Cyjpr < 1nF, low ESR)

18
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Attention!!! This filter is not efficient to reduce common mode noise on input lines
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»L / C* output filter ol
(minimal recommended filter) WURTH ELEKTRONIK
L fitter
DC o ™™ l
DC
Vout — VOUt
Cfllter
O

= Simple L/C Filter
» Output filter reduce voltage ripple on output traces (Conducted Emission)
» Output filter reduce radiated emission via output traces (Radiated Emission)
» Not an optimal solution for RF powered devices

Attention!!! This filter is not efficient to reduce common mode noise on output lines
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»1 . -output filter =
— e e
(recommended filter solution) WORTH ELEKTRONIK
DC (\I;% Ferrite
1 _%c O L |
Vout — Vout
Critter \ 4
O
N

= T-filter recommend for wide bandwidth filtering
> Lo fOr low frequency filtering (DC/DC converter switching frequency)
> Ferrite for high frequency filtering
» This kind of output filter is for powering radio devices high recommended

Attention!!! This filter is not efficient to reduce common mode noise on output line
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Decoupling common mode noise

For common mode rejection use common mode chokes
For supplying over long distance common mode chokes are recommended

Additional capacitor red

uce differential mode noise

» Small value for ceramic capacitor is recommended

» Capacitor and common mode choke act as a LC - filter for|differential mode noise
Can be used for input and output lines

EE—-

O

Vsup

© All rights reserved by Wiirth Elektronik eiSos GmbH, also in
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| ite e DC —
/ °® DC
\AAAL
— m Vin — Vout
Cfilter o Cln
\‘ Lcom
Icom J7

2018 Vi1 [ Lorandt Félkel | Public / Confidential | Webinar 2018
the event of industrial property rights. All rights of disposal such as copying and redistribution rights with us

WURTH ELEKTRONIK




WURTH ELEKTRONIK

PCB - LAYOUT RECOMMENDATIONS
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PCB-Layout recommendations E—V—,V,HETo e
T-filter
— coupling path
— 4 —~ A

not recommended recommended

\\/

Keep PCB traces as short as possible

Avoid indirect trace routing

Avoid any kind coupling = “capacitive”, “inductive”

AC-current should flow across capacitor

Short way for AC-current direct to GND (place double via’s to GND)
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PCB-Layout recommendations

common mode noise filter
coupling path

V+
V-
V- V+ V-
V+ V- V+

4
not recommended not recommended

= Avoid indirect routing of power traces

= Avoid any kind of couplings = “capacitive”, “inductive”

= AC-current should flow across common mode choke
= Route power traces on component layer
= Do not usevias

V+
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V+
V-




WURTH ELEKTRONIK

SHIELD VS. UNSHIELD
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Magnetic field leakage “WE—

WURTH ELEKTRONIK

FieldLines

Fieldlines
<E -8

O 0

Shielded
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Radiation by inductor

WE - PD2 unshielded
10pH, 2MHz Clock, 1A

WE - PD shielded
10uH, 2MHz Clock, 1A

S.900, 000

19dBm difference

2018

6,500,000

AR

Spektrum 1 - Inductor @ ZMHz Clock {(1.000,000 kHz - 30.000,000 kHz)

Cenker ;15,500,000 kHz
: 29.000,000 kH=z

Span

Lorandt Folkel

9,700,000

Public

ick

1Z.600,000

Confidential

Sampletime | S0 ms
atkenuatar @ -1 dB

e .
WURTH ELEKTRONIK

2.015,099 kHz
60,00 dEm

QT RW N~

15,500,000
kH

[~ Webinar 2018

15,400,000

Z1.300,000

24,200,000

EF.100,000




Magnetic leakage

78

unshielded

0Hz 200000 kHz

Channel : 2
Cursor Information : Cursor off
Hamnonic Infomabon
1st: 286,750 kHz -26 6856 dB
3id . 860000 kHz 51.847 B
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400,000 kHz

Window Type : Blackman

600.000 kHz

800.000 kHz 1.000 MHz

Window Size : 8192

2nd: 573250 kHz -333947 dB8

4h
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shielded vs. unshielded

-76

——t
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shlelded

———— T T T T T T T T Tt =T

IHJ

200.000 kHz 400000 kHz 600000 kHz 800,000 kHz 1.000 M-
Channel - 2 Window Type : Blackman Window Size : 8192
Cursor Information . Cursoe off
Harmonic information

Wbl IR

1st: 286,500 kHz -46.977 dB
3rd - 859.750 kHz 56160 dB

2nd : 573000 kHz 52705 dB
4th: -~
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www.we—online.com




Magnetic Fields — Conducted Emission Measurement “WE——

Power supply V 1.0

80

[dBuV] —
1@ e

%
= C&|C7
NE
ojm
ZE 2293R0o o C4
ol IS 0onF
p oY 100N

o R i i i i i i A
150k 300k 400k 600k M 2M 3M 4M 5M
" [Hz]

GND

Buck Converter lout=2.5A @fsw 85-115KHz
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80

86 Lo

40

[4-74477¢9151 —>

WMNWJWWM«MMWW% }g‘] 226320 j c4
L S fe o e U T 1000
= 150k 300k 400k 600k ™ 2M 3M 4M 5M T =
[HZz] i e

Schematic
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REDEXPERT

WWW.We—onIine.com/redexpert

Buck Converter

PARAMETERS

ifii 141 ]

;oc- ke
12.0v
- ~
Input
Vinmin 10V Vinnom 12V Vinmax 15V

QOutput

Vout

Switch

faw 500 kHz

Inductor

Al 40 %

oo B oo B
WE Pl 74438356056

# Start VWirth Elektronik Group  Sign in

= clwew Bln  [w -«

WURTH ELEKTRONIK

[# English =

Ht

u
macwes REDEXPERT"

100 items

e Sln Blwm Blw]

WE-TPC >  Single 5.60 pH 20.0 mOQ 4.00A 8043 8.0 mm 8.0 mm
WE-TPC @p  Single 6.80 pH 25.0 mQ 4.20 A 3.60A 1028 10 mm 10 mm
WE-TPC s  Single 8.20 pH 28.5 mQ 3.80A 280A 1028 10 mm 10 mm
WE-TPC gz Single 6.20 pH 16.5 mQ 4304 450 A 1038 10 mm 10 mm
WE-SPC wp  Single 6.80 pH 51.0 mQ 2.00 A 270A 4838 4.8 mm 4.8 mm

< i
74438356056 744071056 Share

WE-MAPI WE-TPC - Single — -
580 pH - 88.0 MmO 5.60 pH - 20.0 mo o FER ST e
280A-4680A 400 A-400A .
m Tidy Up
<
1 100
80 4
1 =
e a
= = gy
= o
=1 )
5 =
£ =}
] z
2 £+
1 =
1 20
o
o 3 4 -] 7 o 2 3 4 5
Current (A) Current (A)
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Simulation - WEBENCH WE—-

wium-l ELEKTRONIK

» http://www.we-online.de/web/de/electronic components/toolbox pbs/webench.php

| B+ | @itkrhir | ®fdhor | §F01 | Pycckni A3bik |
o=
“WE=- ¢ | 5% o
— R o

WURTH ELEKTRONIK New  Solutions Visualizer Assistant

RECOMMENDED PARTS

ugués | Deutsch Welc

. . ™\ WEBENCH® Optimizer = = =
Try WEBENCH Visualizer LM3102 LM25576 LM22670-ADJ
Compare all designs in seconds Lowest .
P 9 BOM Cost @ Open Design

_ ' . ¥

E = (Sire) = ' -

E (size) = Total BOM Cost Smalles Highest Design Note High Efficiency Design Note  Fast Transient R... Design Note | Adjustable for V...

E - . Footprint Efficiency Topology Buck Topology Buck Topology Buck

£" = E Footprint (mm2) 340 Footprint (mm2) 278 Footprint (mm2) 348

£ - Ceg Efficiency (%) 87% Efficiency (%) 85% Efficiency (%) 83%

- = = E = s # Frequency (kHz) 315 Frequency (kHz) 361 Frequency (kHz) 388

\ Efficiency J BOM Cost $4.59 BOM Cost $5.60 BOM Cost $4.51

Switcher Solutions

Switcher Solutions: (146 found) || Show All Columns [ | Show Alternate Topologies [ | Show Only Modules

Part Create WEBENCH® Tools Topology Efficiency Footprint Frequency | Voutp-p Cross Freq | Phase BOM Cost | BOM Count | lout Max Design Considerations

(%) {mm2) (kHz) {mVv) (kHz) Margin (A)

{deg)

LM3151-3.3 ‘Open Design Buck 91% 524 245 6.01 HA HA $5.15 10 12.00 SIMPLE SWITCHER(r) Controller
LM43602 ‘Open Design Buck 89% 326 350 1.90 14 75 $4.17 13 2.00 SIMPLE SWITCHER Buck Regulator
LM3150 ‘Open Design Buck 93% 443 255 5.52 NA NA §5.89 15 15.00 SIMPLE SWITCHER(r) Controller
TP554339 Buck 88% 285 646 4.69 NA NA $2.83 12 3.00 Wide Vin Buck Converter with EcoMode
TP554239E ‘Open Design Buck 88% 285 646 4.72 NA NA $2.73 12 2.00 Wide Vin Buck Converter with EcoMode

TPS54335A Open Design Buck 88% 340 270 1.66 16 59 $3.43 13 3.00 28V, 3A, Low lq, Synchronous, monolithic buck
converter with Eco-mode
LM43603 ‘Open Design Buck 89% 230 350 3.34 12 T4 $5.53 13 3.00 SIMPLE SWITCHER Buck Regulator
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Simulation — LTSpice IV

* http://www.linear.com/designtools/software/#LTspice

E L=l |
Ble Edt Hirarchy Vew Smuste Took Window Hel |
- — " . . . Quit and E dit Database i3 1
| B R0 R(EI AR RO M DS S0+ I DO D R A s A = =
A Feriteead 201 [ FerrteBead 21 |
LiH] [ ipkiar [~ Rsea) Ta]
58 WaihElekiont. 744029005 WETPE 0,050 0.290
100w Elskucnik 9100 WE-TPC  0.50 0390
1.2 it Elektronik. 744030001 WE-TPC 1,100 0.088
22wt Elektonik 20002 000! 0136
33 WaihElekienlk 744030003 WE-TPC 0720 0180
47 wuhElkvonl  744030004WE-TPC  0.500 0230
68 “w/uth E lektronik. FAAOZ000EWE-TFC 0430 0230
100 WuthElkionk  744D30100WETRC 0350 &0
220 WuthElskionk 744030220 WETPC 0250 1150
TS5 wunth Elsktioni 1001 WE-TPC 158 0,035
25 “wuith Elektronik. 4031002 WE-TPC 1,250 0.045
36 Swurth Elektronik. 744031003 WE-TPC 1,100 0.065
17wt Elekiron 1004 WE - 0500 0085
68  WuhElokvonl  72403100BWE-TPC  0.750 0128
100 WulhElskuonlk  744031100WETPC 0560 018
100.0 wwuith Elektronik. 744031101 WE-TPC 0180 2,050
150 wuthElckuonlk 744031 1S0WETPC 0450 0230
160V 220 744031 220 WE-TPC 0360 0360
330 44031330 WE-TRC 0320 0525
470 FAAON ATOWE-TPC 0260 0800
o 44042001 2600 0020
18 7440420008 WE-TFL 2,400 0,050
27 wWumhElskronk 7440420027 WETPC 2,200 0.050
33 ‘it Elektronik. 744042003 WE-TPC 1,800 0.050
33 wimhElekronk 7440420033 WE-TPC 1700 0050
17 784042004 WETPC 1,550 0070
56 24042005 WE-TPC 138 o080
DV 68 7AA04Z00EWE-TPC  1.250 0.080
10MHz a2 F44042008WE-TPC 110 0100
parae 100 42100 WE-TRC 1100 0130
MM Component attribPEECYEY 1000 744042100 WE-TPC 0,300 1170
120 wWumhElskuonl 744042120 WETPC 0350 0150
150 it Elektronik. 744042150 WE-TPC 0750 0190
160 wuthElckionlk  744D421B0WETPC 0700 0270
220 784042220 WE-TPC 0,500 0260
T2 43001 2WE-TRL 260 0os
18 FAA0430018WE-TPL 2 450 0020
22 430022 2350 0027
27 7840430027 WE-TPL 1,950 0020
SpiceModel Visible: I 33 784043003 WE-TFC  1.800 0.030
EE] FAA0430039 WE-TPL 1 650 0.080
DC {Idc Atiribte [alue [ a7 W i PHMD43004 WE-TPC 1 700 0,050
{ } r":fx 2 56 \Wuith Elekionik 744043005 WE-TPC 1,300 0.070
nsth ame * [25] “w/uith Elektronik. 3006 WE-TP 1.25 0.080
AC 1 74279252 SRR ] el 2 8.2 4043008 WE-TPC  1.050 0.090
""", 100 744043100 WE-TPC  1.000 0.095
. I el 1000 43101 029 0,550
SploaLing, 120 744043120'WE-TPC 0950 0100
7 e SpiceLine2 150 744043160 WE-TFC  0.750 0120
180 FAA043180WE-TPC 0700 0180
220 744043220 WE-TRC 0,700 0160
-ac dec 401 10Meg 1.8G TiE Wi tom oo
Eec] 350 J300WETPC  0.550 0183
_step param Idc 03 .5 7o 744043470 WE-TPC 0,500 0218
500 3660 040 0310
12 784052000 2 WE-TPC 3,500 0020
- - - . 18 WuhElkvonl  7240520008WE-TPC 3,000 0030
This example schematic is supplied for informational/educational purposes only. 25 whEleklonk  7MDS00ZWETRC 2700 D00
an “wurth Elektronik. TA44052003 WE-TPC 2400 0.040
33 WaihElekionk 7440520039 WE-TRU 2100 0050

Editing comporents UL
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http://www.linear.com/designtools/software/

Trilogies “l—-

WURTH ELEKTRONIK

"

] E— .

/ ‘T‘THE LTSPICE l\_«'\ OGY TRILOGY

OF MAGNETICS OF CONNECTORS

N0
wcTURE A
iy STR woout
"‘""fﬂ‘;‘ A poweR ¥
HANDL

*1. LTspice Book
- How to use and build spice models
. 2. Trilogy of Magnetics
-> Design Guide for EMI Filter Design, SMPS & RF Circuits
. 3. Trilogy of Connectors
-> Basic Principles and Connector Design Explanations
+ 4. ABC of Power Modules
- Functionality, Structure and Handling of a Power Module
« 5. ABC of Capacitors
—>Basic principles, characteristics and capacitor types
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If you still have questions?

Don'’t give up !
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Globally available. Locally present! B ==

WURTH ELEKTRONIK

Headquarter in Germany

Own offices

Distribution v 7
® Factories
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WURTH ELEKTRONIK

You can reach us:

Tel.: +1 (605) 886 4385

Fax: (605) 886-4486

E-Mail:

www.we—online.com



mailto:eisos-us@we-online.com
http://www.we-online.com/

Technical support needed? S v/ ===

Ask our design engineer Lorandt Folkel WURTH ELEKTRONIK

Follow me on ...

’ Twitter.com/askLorandt

You —~—F
We-online.com/youtube

Lorandt Folkel
m linkedin.com/in/lorandtfoelkel/ Design Engineer

at heart

@ we—-online.com/askLorandt

or contact me directly:
askLorandt@we-online.com
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