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TODAY'S AGENDA

Flyback DC/DC converter as noise source
Design optimization

Common mode and Differential mode filtering
EMC Lab results

100W DC/DC converter design with min. 96% eff. & EMC compliant
= Design 1: lowest cost

= Design 2: compromises price & performance

= Design 3 no limit budget

EMC Lab results compared to own measurements

Conclusions and recommendations
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FLYBACK EMI - SCHEMATIC-V2022.1
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FLYBACK EMI - DEMONSTRATION BOARD -V2022.1 - MODIFICATION
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FLYBACK EMI - DEMONSTRATION BOARD -V2022.1
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FLYBACK EMI - DEMONSTRATION BOARD -V2022.1
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TEST#3-7:V2022.1 WITH MODIFICATION - TOTAL CONDUCTED EMISSIONS - LINE

110
100
90 \
80 et
g -
§ 60 A A ‘ Mmmu ARG AT TARTEA TR Y “ﬂ“ —— Test4
3 50 - Vi AN | ——Test5
3 L0 1 W M‘f gt il Test6
30 ‘ ——Test7
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10 ——55032AV Class B
0
11%0 kHz 1 MHz 10 MHz 30 MHz
Frequency
' — DC Namec Description
supp QI DC Test#3 Reference (no improvement)
Test#4 Test#3 + RCD-snubber
J:_\ ‘ / J___ Test#5 Test#4 + primary to secondary y-capacitors
Combined Test#7 | Test#6 + x-capacitor (DM filter)
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TEST#3-7:V2022.1 WITH MODIFICATION - CONDUCTED EMISSIONS - COMMON MODE
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10 ——55032AV Class B
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—— 1
Vsupp ) DC Test#3 Reference (no improvement)
Test#4 Test#3 + RCD-snubber

J__K—<—/J__ Test#5 Test#4 + primary to secondary y-capacitors

Common Mode Test#7 Test#6 + x-capacitor (DM filter)
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TEST#3-7:V2022.1 WITH MODIFICATION - CONDUCTED EMISSIONS - DIFFERENTIAL
MODF
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— 1=
Vsupp DC Test#3 | Reference (no improvement)
Test#s Test#3 + RCD-snubber
Test#5 Test#4 + primary to secondary y-capacitors
Differential Mode Test#7 | Test#6 + x-capacitor (DM filter)
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FLYBACK EMI - DEMONSTRATION BOARD -V2022.1 - MODIFICATION
Background

There is no short noise return
g o it SRR scoonsaasin s beises R AR A path from y-capacitor C15 to CM-
0000000 Noise Source (Switch node,
‘ : | ! © secondary side)

CM-noise bypasses the filter and
1 A = o couples into the filter (parasitic
loop antenna)
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J3 13
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CM noise imbalance occurs
(CM/DM conversion)
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FLYBACK EMI - SCHEMATIC-V2023.1
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FLYBACK EMI - DEMONSTRATION BOARD -V2023.1

Top
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FLYBACK EMI - DEMONSTRATION BOARD -V2023.1

Bottom

Solid ground planes
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TEST#3-7:V2023.1 - TOTAL CONDUCTED EMISSIONS - LINE
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Namec Description
ErcE— DC
Vsupp > e Test#3 Reference (no improvement)
Test#4 Test#3 + RCD-snubber
J__\ ¢ / J__ Test#5 Test#4 + primary to secondary y-capacitors
Combined Test#7 | Testi#6 + x-capacitor (DM filter)
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TEST#3-7:V2023.1 - CONDUCTED EMISSIONS - COMMON MODE
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Common Mode Test#7 Test#6 + x-capacitor (DM filter)
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TEST#3-7:V2023.1 - CONDUCTED EMISSIONS - DIFFERENTIAL MODE
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Differential Mode Test#7 | Test#6 + x-capacitor (DM filter)
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DC/DC CONVERTER DESIGN CHALLENGE

Requested:
- 100W buck-boost DC/DC
- 95% efficiency minimum
- EMC complaint for conducted and radiated
- Must fit in the already defined box
- Decision for the costs
- lowest possible
- Compromise for price and performance
- No budget limit
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SELECTED DC/DC IC FOR NEXT EXAMPLES

» 60V Buck-Boost Controller mit 4 external MOSFETSs possible switching freq. 200-700kHz

120W (24V 5A) Buck-Boost Voltage Regulator
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SOLUTION FOR LOWEST COST DESIGN (A)

e Single side PCB
4L layer PCB
» Highest possible switching freq = 600kHz - smalest inductor can be used

» Lowest cost in comparation with the next ones

Power Choke

_— WE-XHMI 1090 Cout
1 Y 1 |J 4,7uH |J 1 Y 1
+ +
—_—— — < H 16 1T 1
L L 1Q LL
z |2 . " ol I
= < 10 10 N N
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Fsw = 600kHz
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SELECTED MOSFETS FOR DESIGN (A)

Logic Level N-Kanal FET im DPAK TO-252-3 package
Rth not optimal
Package ESL relativ high

Package not compact

Estimated Power dissipation of each FET at full load, [Pavl= 0,05
Estimated Junction temperature, [T]]= 50,04
MOSFETs Power Loss Break Down [W)

0,11 W
50,10 "C

o, ﬂ2?

0,028 ﬂ!.‘-onlmlFET Conduction
a :lcunln-[ FET Switching Loss
- D106
@ Syn. FET Conduction Loss
0,108 |

oDiode Loss and Syn FET
1,916 Switching Loss

Buck Leg {.ﬁ E]
Estimated Efficien cy
Overall estimated efficiency @ full load. [n]= 95,52 %

Boost Leg{C,D)

estimated,

BMOSFETA Loss
BOMOSFET B & Diode Loss
OMOSFETC Loss

OMOSFET D & Diode Loas

oRsense & Inductor DCR Loas

Owverall Fower Loss Breakdown(W, %)

21 | EFFICIENT EMC & POWER CONVERTER DESIGN

CUSTRVYERSHEE FOKE33PRT 2024

Inﬁnenn

IPDO3TNDGL3 G

OptiMOs™ power-Transistor
Product Summary

Features
e Vo=

= ldeal for high frequency switching and sync. nec.

R egionpman

3.1 mil

« Optimized technology for DCDC cormmamarns.

100 A

» Excellent gate charge x R/ gg.. product (FOM)
= Very low on-resistance Rps ..,

« H-channel, logic level

= 10K avalanche tested

= Po-free plating; RoHS compliant

* Qualifisd according fo JEDEC" for targat applications

drain

Type IPDO31MNOELE G pin 2

qate
pin 1
. o )

o SOuUrce

Package PG-TO-252-3 pin 3

RaHS -~




REDEXPERT: INDUCTOR SELECTION FOR DESIGN(A)

e Fsw 600kHz - 30% max. Ripple current = Inductor 4,7pH

 Selected by REDEXPERT
» Type of inductor : WE-XHMI

» Flat wire and shielded

> Size 1090 (10x10x9mm)

» Nominal current: 13,5A

» Saturation current: 27A -

» Rdc:5,4mQ
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REDEXPERT: INPUT CAP SELECTION FOR DESIGN(A)

¢ Calculation for Cin MLCC X7R for maximum allowed ripple current

in = in = = 14U
AVippp X fsw 100mVpp X 600kHz
e —" . . . - -
Ew o M Start Waurth Elektronik Unternehmensgruppe  Andreas Deutsch -
WOk nacraoHRE Kerarikiandensatoren (VLCC's) REDEXPERT®
EI_ = =) ) = =)
3 B N ] o e ) e 7 e R
aaaaaa =7 =0 Kapazitstsanderung / DC-Bias Spannung = [
i r;recuenk:.u ) o o o - - o ‘K‘Lri—:reaue;im‘: o - DC-Bias Spannung
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LTSPICE SIMULATION

« Simulation for BuckBoost; all coponents including the parasitics
* Some PCB layout parasitics included

26 |
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FILTER LTSPICE SIMULATION

* Simulation vs. measurement

|
Lwrwm?\«#\, M*\—\vr\ﬁ\y}\ T\*M

| -

i r-nir-nx
» s —TTT)
Lo
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CONCLUSION FOR FILTER DESIGN

=  Measurement for damping / Precompliant (ex. FFT & LISN mit 50Q)

T A

B L e e I L T T I D T T L L Y

= Filter need to be at 600kHz ca. : 90dBuV — 40dBuV = 50dB
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MEASUREMENT SET-UP NNB21 LISN + RTO (509Q)

= Precompliant Measurement from 150kHz to 400MHz (in case you have a Spectrum analyzer you should use it
instead of Scope)

-»
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T-FILTER FOR DESIGN (A)

* Due to the long input wires a filter is a must
 Filter for conducted emmisions: 150kHz — 30MHz
e T —Filter can achive in theorie up to 60dB/Dec damping

I—filter INPUT Output I—filter
YYY L, o . Y YY

Source g 3 L 3 g Load
. ®© —— ®© .

+ | Criter iko g does § Lo DC c L Faes§ CfiterEtko | +
-1 fit &7 N out—— & fit -1
= = = =
5 N bC 7 s s
= 2 2 =
L ] [ ® [

Ferrit Spule Spule, Ferrit

r Y L Y amet O
5C> | G| DC =
o — — =
3 pC S
O Elko Elko, O
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LTSPICE SIMULATION FOR T-FILTER DESIGN (A)

* All components with parasitics included
 MPSB Ferrite are suitable above ca. 5SMHz

R3 L1 L2
= SR o
1 4.7uH iCH WE-MPSB R4
VVE-XHMI 74279224401
Rdc: 13mOhm 1DD|1FRGC: 15mChm 10
AC1 VVCAP-ASLI
Output T- Filter
=
=]
=]
=]
g R L4 L3
g v Ty =
=3 1 4.7pH iCZ WE-MPSB R6
S WE_XHMI 74279224101
.‘8_ Rdc: 13mOhm 1DD|..IFRGC: 3,5mOhm 10
3 AC1 i WCAP-ASLI
8 Input T- Filter
=]
8
R1 L5
V3 Y
1 4. 7pH R2
VVE_XHMI + €3

10

Rdc: 13mOhm

100uF
AC1 VWCAP-ASLI
LC- Filter only
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LTSPICE SIMULATION FOR T-FILTER DESIGN (A)
« Damping for T-Filter above 40dB Differntial Mode .. 150KHZz up to 80MHz

V{n004) V(n008)

V{n011)
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CMCFILTER FOR ALL DESIGNS

» Selected Common Mode Choke with huge bandwith for 30MHz to 500MHz
e Important to know: CMC’s are helping for imunity like BURST & HF

Ferrit Spule Spule, Ferrit,
O—— N [ Y Y c Y (@YY (O
5 b 3
E‘ £LMC — — CMC’ g‘
'_b—\_,w bc M—OD
Flko Elko,
F1 Typical Impedance Characteristics: F1 Typical Impedance Characteristics:
SO i Input: Output:
o0 | WE-UCF WE-UCF
: 2x56UH 2x120uH

k Ir=55A § _
e Rdc:10m g

Ir=7A
Rdc:4,7m §

§
0.001

Fraguency [MHz]

Z jeomm) - )
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SCHEMATIC DESIGN (A)

L - G ey
W L = A
2 —_— = == = . +—4F—
Be PIE—t5c s e i S ¢ e
i = | R g 2N =Eﬂﬁ'] - § SF e :ﬁ -
I : f— Y™ 7| N P [ ¥ 5 #
b o L s ;
[ [ £ 4
A
D : |_:] »— 01—
- T
~ T :..E] fsw = S88kHz

+ 11 e
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DESIGN (B)
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DESIGN (B)

* Up and down layer using components

* 6 Layer PCB

* Moderate switching freq = 400kHz = compromise between switching losses and inductor losses
* Optimized Filter at 1/0 = less RDC losses

» Medium cost

Power Choke
WE-XHMI 1510

cin Y Y Y Cout
1Y 1 IJ 6,8uH IJ 1 Y 1
+ +
s |2 " . S
«© ~ 10 10 N N
> > N
© ©

Fsw = 400kHz
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MOSFETS FOR DESIGN (B)

Logic Level N-Kanal FET in SON 5x6 package
Rth much better

Package ESL small

Rdson small

Gate Charge small

Estimated Power dissipaticn of sach FET at full load, [Pgwl= 0,02
50,02

0,07 W
Estimated Junction temperature, [Tj= 50,08 “C

MOSFETs Power Loss Break Down (W)
0017 _ o Cantrel FET Conduction
Loas

L]
O Bis |~
0,018 _ 0,037 pConiral FET Swilching Loss
o8yn, FET Canduction Loas
|

| oDicde Loss and Syn FET
0,665 o.074 | Switehing Loss

Buck Leg (A.B)

Boost Leg(C.D)
Estimated EMiciency

COwarall estimated efficiency @ full load, [n]= o772 =%
ostimabed
0,267
29% GMOSFET A Loss
g o

OMISFET B & Diods Loss
OMOSFETC Loss

OMOSFET D & Diode Loas

oRssnss & Inductor DCR Loss

4%
Definition of FET Vim Ovarall Power Loss Breakdovwn{W, %)

on Vags Va., Go curve
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I3 TEXAS
INSTRUMENTS

csSDpD18532Q5B
SLPS3225 —NOVEMBER 2012—REVISED JULY 2014

CsD1 8532Q5B| 60-V N-Channel NexFET™ Power MOSFETs

1 Features

- Ultra-Low Qg and Qgq

Low Thermal Resistance

Avalanche Rated

Leogic Level

- Pk Free Terminal Plating

- RoHS Compliant

- Halogen Free

- SON 5-mm = 6-mm Plastic Package

2 Applications

- DC-DC Conversion

- Secondary Side Synchronous Rectifier
- Isclated Converter Primary Side Switch
- Motor Control

3 Description

This 2.5 mQ, 60 Vv SON 5 mm = 6 mm NexFET™
power MOSFET is designed to minimize losses in
power conversion applications.

Top View

Product Summary

Ta=25C TYPICAL VALUE uUNIT
Vos Drain-to-Source Voltage 60 v
a, Gate Charge Total (10 V) a4 nC
Qga Gate Charge Gate-to-Drain ) nc
. Ves=45V | 33 mo
Rosgen | Drain-to-Source On R nce
Ves=10V | 25 mo
Vazem | Threshold Voltage 18 v
Ordering Information(")
Device Qty Media Package Ship
cGsSD18532Q58 2500 | 13-Inch Reel SOM 5 = 6 mm Tape whd
CSD18532Q58T 250 | 13-Inch Reel Plastic Package Reel

(1) For all available packages, see the orderable addendum at
the end of the data sheet.

Absolute Maximum Ratings

T 2o VALUE UNIT

Vos Drain-to-Source Voltage 60 v

Vaes | Gate-to-Source Voltage +20 v
Continuous Drain Current (Package limited) 100
Continuous Drain Current (Silicon limited),

o Te = 25°G 172 A
Continuous Drain Current!’) 23

[ Pulsed Drain Current!2! 400 A
Power Dissipation'" 3z

Po - w
Power Dissipation, Tg = 25°C 156

T Operating Junction and -

iy Storage Temperature Range o A
Avalanche Energy. single pulse

Eas I5=80 A, L=01mH, Rg=250 320 wd

(1) Typical Rg s = 40 “G/W on a 1-inch? | 2-oz_ Cu pad on a 0.06-
inch thick FR4 PCB.

(2) Max Rgyc = 0.8 “G/W, Pulse duration =100 ps, duty cycle =1%




INDUCTOR SELECTION FOR DESIGN (B)

e Fsw 400kHz - 30% max. ripple current - Inductor ca. 6,8pH
 Selection with REDEXPERT

 Type of inductor: WE-XHMI

» Flat wire and shielded
» Size 1510 (15x15x10mm)
» Nominal current: 15A |

» Saturation curent: 46A
> Rdc: 4,1TmQ
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INPUT CAPACITOR CALCULATION FOR DESIGN (B)
 Cin used MLCC X7R for max allowed ripple voltage

c > D X (1 —D) XI,utmax C > 0,78 x (1 —0,78) x 5,54
= AVinop X fow ™= 100mVpp x 400kHz
» Selected: 6 x4,7uF / 50V / X7R = 28,2pF — 20% DC-Bias = 23pF

= 21pF

] A———
‘WIURTH ELEKTRONIK

Keramildondensatoren iLce's) REDEXPERT®

Filter: m Typ=XTR M JCza70puF X U_=500V X 1 Produkt =
I Mish E|  =|U  =[R B cen @] acve B
]

1k0Q 1kQ

220w

|mpedanz
ESR

Kapazitatsanderung
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FILTER OPTIMIZATION FOR DIFF MODE FOR DESIGN (B)

o Filter for Conducted und Radiated Emission Test Spectrum

* 3filter stage's

» At the CMC will only the leackage inductor for diff mode considered

O
=
(AN
S

O

42 |

Lap nF

30MHz to
300MHz

Ferrit

C__J

Spule

AALS

—1

Lap pF

5MHz to
30MHz

Flka
100kHz to

EFFICIENT EMC & POWER CONVERTER DESIGN
CUSTRVYERSHEE FOKE33PRT 2024

5MHz

pC

DpC

Spule, Ferrit,

Y Y Y T Ilgll Y TY TN OH
3
— cHC =
o

Elk(L_ Lap pF AN Fap nF O

100kHz to 5MHz to 30MHz to
5MHz 30MHz 300MHz




DIFFERENTIAL MODE FILTER FOR DESIGN (B)

 All components with they parasitics considered for the simulation

 Losses at the Output Filter ;. /*Rdc =

* Losses at the Input Filter:

L1

554%* 30mm
/#Rdc = 7A°* 184mQ = 902mW

= 907mW

R3
V2 SRR
1 1uH
WE-XHMI
Rdc: 5,5mOhm
AC1 Output Filter

.ac dec 50 10000 500000000

L4

R5
vi SR
1 1uH
WE-XHMI
Rdc: 5,5mOhm
AC1 Input Filter
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C5 Cc7
R4
22nF | 4,7nF 10
L
Cé6 Ccs8
R6
22nF | 4,7nF 10

L2 U1
- 1 -
.| C1 WE-MPSB c3 WE-UCF
il 74279224101 | i
-1 Rdc: 3,5mOhm —7 -
100puF 4,7uF °
A N4 g 744290121
Rdc: 10,5mOhm
L3 u2
o 1 0
|c2 wewmpss ca WE-UCF_
i 74279224101 |
T Rdc: 3,5mOhm __4 7uE -
100uF M AR
WCAP-ASLI
7 ~- 744290560

Rdc: 4,7mOhm




FILTER FOR DESIGN (B)

V(NODS5,NOOE) V(NO11,N012)
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SCHEMATIC FOR DESIGN (B)
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DESIGN (C)
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DESIGN (C)

* Top and bottom side using components

* 6 lLayer PCB

* Lowest switching freg - 230kHz - to achive lowest losses and highest efficiency >
big inductor value / big cap values / no Gate resistors

 Different filters like design B used

> Most expensive / biggest size on PCB

Power Choke
WE-HCF 2815

Cin Cout
Y Y Y\
1 Y 1 'J 10uH IJ 1 Y 1
+ +
J— (s K 00 :_ —_—
L L L
252 00 - - 2 x3
N © | 0Q 0Q N N
> >
[(e) «©

Fsw = 230kHz
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MOSFETS FOR DESIGN (C)

* Logic Level N-Kanal FET im SON 5x6 same like used in Design (B)

Estimated Power dissipation of each FET at full load, [Psyvwl=

Estimated Junction temperature, [Tj]=
MOSFETs Power Loss Break Down (W)

0,01 0
0,021

0,073 _||I

0,281

Buck Leg (A,B) Boost Leg(C,D)

0,02
50,02

0,07 W
50,06 °C

oControl FET Conduction
Loss

oControl FET Switching Loss
O Syn. FET Conduction Loss

ODiode Loss and Syn FET
Switching Loss

Estimated Efficiency
Overall estimated efficiency @ full load, [n]=
estimated.

0,186
22%

0,083 __
10%

1 0,021
Oz > 3%

0,113

Definition of FET Vm
on Vgs Vs. Qg curve
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98,51 %o

OMOSFETA Loss

OMOSFET B & Diode Loss
OMOSFETC Loss

OMOSFET D & Diode Loss
oRsense & Inductor DCR Loss

o
Mr&tl Power Loss Breakdown({W, %)

gl T—

Y

3R v

CEDIBSIZOSE
B NS e/ EMISER 301 FETeET BA v i
CSD18532Q58 80-V N-Channel NexFET™ Power MOSFETSs
1 Features
- = ProsSoct W
v Lo O, meed O,
= I | Twracad vause | et
= Lo Therma! Fesssteer-n . P e Semm g <
=  Asaslanche Rated _J T S, Do T 1873 1 ax T =
- Loge Lewel Gye | o Ctawgm Gt e Droees =
= P Fres Termieasl Fisting R NPT S— L L
= FoHS Comphans - i kWY [35) @
. Famk Eres - [ ——
- SON Serm o« S Plastc Packags

Applications -
DO Corrrersson =
Secondary Side Synchronous. Rectfer
aolaned Corvosrner Brrmary Sede Saeanch

For s svaiater pachageri e P ochevatde sideades &
o et o et e

Absoiute Maxrmum Ratings
e | s |

Deascrigption -+
s 2.5 el B0 WV SON 5 mem = B men MaFET™ =1 =
wer RKIDSFET o desigred B manamens osEes =

e SRR BN ADeiEoatcn. -

Top Wiew




INDUCTOR SELECTION FOR DESIGN (C)

* Fsw at 230kHz - 30% max. ripple current - Inductor value ca. 10pH

 Selected with REDEXPERT

* Selected Type of inductor: WE-HCF
» Flat wire and shielded

» Size 2815 (28x27x15mm)

» Nominal current: 36A

» Saturation current: 21,5A

» Rdc: 1,33mQ
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INPUT CAPACITOR SELECTION FOR DESIGN(C)

e Calculation for Cin using MLCC X7R for max allowed ripple current

Co> D X (1 —D) XI,yutmax co > 0,78 x (1 —0,78) x5A
= AVippp X fow = 20mVpp x 230kHz

= 186UF

» Selected: 7 x4,7uF / 50V / X7R = 33pF — 20% DC-Bias = 26,3puF

» Additional: Parallel to the MLCCs 1x 220uF/35V Al-Polymer WCAP-PSLC
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FILTER FOR DESIGN (C)

* Filter for Conducted und Radiated Emission Test Spectrum

* Target: increase the efficiency compared with design (B)

» Skip the 1pH Inductor from design (B) = big influence up to 5MHz

> Filter Caps from 100pF reduced to 47uF, in rest same components used

Ferrit
YN

Ferrit
O (G — De — .| Y Y O
= 3
§ —1—  MC — — CMC™ —— =
— D
pcC
O LCap nF AAS Cap pF Elko Elko+ LCap pF O
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SCHEMATIC FOR DESIGN (C)

{3

)
'I"‘“"EJ

A}
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EMC MEASUREMENTS CONDUCTED & RADIATED
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MEASURED WITH ENV216 LISN & ESRP

e (Conducted Emission 150kHz — 30MHz
» Design (A) without Filter / Buck Mode 100W

|

100
dBuv
600kHz
I
— | i :
— \ ¥ |x¥
— -
] i /q»lﬁ‘ Hr
— e \ | AT ‘W
| T : \\\ Wm,f// M [ | \LJ ‘W/‘ I LI JIARRR [N
D JI | | ‘ (I A i
- - RNl WH I n“’w‘i | NI EER i
N I | Jj
*\»\:\ R, JIIN o~
0 I~ .
-10
30MHz
Sub-range 4

150kHz
Frequency
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MEASURED WITH ENV216 LISN & ESRP

e Conducted Emission 150kHz — 30MHz
» Design (A) with Filter / Buck Mode 100W

100
dBpv
600kHz
— 1
— J(L N
\\ l - x
|
:
AT
\:\'—\,_\“ o J } ; WHWM” — | ‘ Mwwwjvj /,\J; }‘Jw{“ﬂ J‘\ | N)J\_,)Lz n ‘uﬂw MJ‘ ' ’W»
I | Mg | | \ L R PALN A " )
g i i ) O B 2
» | - R A AU N [ N U E— -
150kHz 30MHz
Frequency Sub-range 4
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MEASUREMENT IN EMC CHAMBER

* Radiated Emission 30MHz — 450MHz
* Design (A) without Filter / Buck Mode 100W

L e ==
W A W H'JLUW m |
SN
SR i 1
AL TRt S
V | h T T et WL ,,,‘,‘;‘,", WM sl
‘ I Il

Frequency
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MEASUREMENT IN EMC CHAMBER

* Radiated Emission 30MHz — 450MHz
» Design (A) with Filter / Buck Mode 100W

50
dBpv/m
rin w:"‘ |
u\ﬂ“ I“ nln hy
T . Ml nwlm frirrt
‘,\,, ML L | ‘W”J‘!m WH” "'\ ‘M' “' T o hk (i, T
it r\ i T i |‘ i uu g l‘%l\‘!\‘lll“\ i, i \‘ 1‘ ol
B b s m AT e
i 4 iy wlw Lttt AN
0
-10
30MHz 450MHz

Frequency
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MEASURED WITH ENV216 LISN & ESRP

e (Conducted Emission 150kHz — 30MHz
« Design (B) without Filter / Buck Mode 100W

100 |
dBuv
400kHz
|
[
| ‘ x
| i
L |
M I T
— J‘ ‘ ‘l ” [
\’ Il | x
\ ‘ [ | verage
| ¥ -
f ‘“ HHHI\
o 1 i ”
I e iw N | I !
~ o~ A \ - | ‘ Al t "‘ut‘ “Jh”ﬁ‘l \"\“’M-‘A‘\JU‘.VM ‘NJ“ il
S / W
o Ny ‘\‘w ) W‘\ ‘\“ H H ‘ ‘H‘M‘ “A "a“‘v",“,*\‘/\ww ‘N /
. N
-10
150kHz 30MHz

Frequency Sub-range 4
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MEASURED WITH ENV216 LISN & ESRP

* (Conducted Emission 150kHz — 30MHz
» Design (B) with Filter / Buck Mode 100W

100
dBuv

— 4 T -
\)ﬁ\\
) | I
~__ Wl T oo A T P et U k L mﬁj Wi ‘U UUJW@H
0 . J e e mp L ‘7 J T |

Frequency Sub-range 4
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MEASUREMENT IN EMC CHAMBER

* Radiated Emission 30MHz — 450MHz
* Design (B) without Filter / Buck Mode 100W

50
dBpVv/m

-10

62|

130/180/380MHz - Reason at Schottky D

-

ol IRt
i R

M ﬂw '

i
?

‘ mt . ‘

\ il

W f\\

W}

it

ww i "w v ik

I W\H I K“ JM

MMI! M !\[ W | w il Hl

nfl ﬂw M"" -

I “\ w ” l ‘

i

l
‘J \

D4

M“”””\

e

30MHz
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Frequency
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MEASUREMENT IN EMC CHAMBER

» Radiated Emission 30MHz — 450MHz
 Design (B) with Filter / Buck Mode 100W

50
dBuv/m
I
"l A
e [ i Y g
\WMMW f— W r" il 'Mf‘“!wm |
U "H Uu. il Ll
. \ r WIMI’W M), ™ Yl I -
,r“,‘ LL,,,LL L w‘}m : i ;m, 4 WW"W\‘W A W -
[0}
-10
30MHz 450MHz
Frequency
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MEASUREMENT AT THE SCHOTTKY
Measured with R&S RTO at the Schottky D (Buck Leg)
REEE \.r- ; " . , . V ; " . . : ! : T ' _ 2I—C|]%ripzsonta| o

EeaTsy T 117217 ksa RT
— 15078 W i G 11.5834 psfdiv
i o=
L in.ors v i | Trigger Auto
. L L i Edge A& Chi
—— [ f 4 ILewvel: 2. & mYf
I it b S U U W N S Y R —
e I
Ao i 5 4|5 widiv
] 3|0 div FE MY
—ooze 1 4 |AC Bwy: SO0 MH=z
] I Sampls
1902z v = -
| o | Vstitntmasinnad) Vi by =

[alS.022k T 1 |Scale: 10 dB/div
| -zagzzw 63336 ps -47502 p= -3.1668 s -1.5834 us = 15834 ps 31668 ps A4FE02 s 63336 ps 7aa7 p= | Offset: 70 dBpNS

: - : - : . : : : FFTmagi(Chi)

Diagram2: M4 |ed EEW: 120 lkH=
] 130MHz ]
3 ' 180MHz 380MHz ]
| | 1 1 | | | I | 1 | 3
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MEASURED WITH ENV216 LISN & ESRP

* Conducted Emission 150kHz — 30MHz
» Design (C) without Filter / Buck Mode 100W

100
dBpv
Y
i |
I Ly
[ ‘ “
[ ] 1 I x
T : | \h H | -
| \ \\1§L ;‘
l | ‘ l ‘( ol || il
\
|| TN | il
A /J ‘\‘ po— \ W /w \ | ”“ WW”W U | i u[\
— 1 — T vy " M Jiy WHW "
, i \ iyl Wl
| L “ MM” " ww VY “‘_J“ J“ Al !W uut““
TN O DY ST U UG LR LR
0 = ' Sy
-10
150kHz 30MHz
Frequency Sub-range 4
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MEASURED WITH ENV216 LISN & ESRP

e (Conducted Emission 150kHz — 30MHz
» Design (C) with Filter / Buck Mode 100W

100

dBpv 230kHz

g
I
— 1
—L | T
AR 0
| |
e (, WNWN||H|U|H||W|‘|‘JM :
e UL it ||H|‘ ey
| NS i OB
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MEASUREMENT IN EMC CHAMBER

* Radiated Emission 30MHz — 450MHz
* Design (C) without Filter / Buck Mode 100W

50
dBpVv/m

-10

67 |

180MHz - reason at Schottky D

30MHz
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MEASUREMENT IN EMC CHAMBER

* Radiated Emission 30MHz — 450MHz
 Design (C) with Filter / Buck Mode 100W

50
dBuv/m
CISPR 32/CISPR32 - FAR B - QPeak/3.0m,
//'
\h‘ i wlr h"‘ v "Yl i A i
(| ! N
LY b, WWM
\MWW MWE‘ W’ HalTI y |
‘ ! HV‘ ‘M \U‘ ¥ ﬁ\\ P
Akt M“%U ot \’{(r 'M i MW ‘w : N
| L O L S SVt NN S
It ‘:“ “Wh W‘WWMWM”W ey N - S el
T L W, n Wil ~ N
TN TR YL ey
UG | i A AN
[0}
-10
30MHz 450MHz
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MEASURING DIRECT AT THE COMPONENTS
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GATE SOURCE VOLTAGE FROM HIGH SIDE FET

* Vgs Design (A) » Vgs Design (B)

Reason: The improved layout and the smaller package of the MOSFET
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MEASURED WITH H-FIELD PROBE DESIGN (B) 30MHZ-500MHZ

* Measured at the storage inductor * Measured at the High Side MOSFET

» The reason for radiation is not the inductor for sure!

7 1 | EFFICIENT EMC & POWER CONVERTER DESIGN wi
CUSTRVERSHEE FOKE3 3PS 2024




MEASURED WITH H-FIEL PROBE AT THE BOOSTRAP DIODE 30MHZ-500MHZ

= —— Y

\““‘ \“'ﬁ"" ||"|"|* '|If'r||’rrf L'.‘-'['lw o “'“w '.'L e “'“WU'M
- || ||

I
'I!:E:I' lll 1'1| |H|| |I||||

il
il

* Boostrap Design (A) » Bootstrap Design (B)

» The improved layout and using an other diode improve of lot
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ALTERNATIVE: FERRIT IN BOOSTRAP ADDED
(WURTH ELEKTRONIK APPNOTE ANP025)

» Advantage: only the rise time afected - More efficient as using a resistor at Gate

VCC Vin VCC Vi

S .
e Ferrltei I If
¢ BOOT BOOT
— —
— - D -

v

O
.
\/
|
|
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ALTERNATIVE: FERRIT IN BOOSTRAP ADDED
(WURTH ELEKTRONIK APPNOTE ANP025)

» Measurement made by an LTC3703 Demo Board using different Boostrap resistors / Chip Bead Ferrite (CBF)

80
R2=0

TO — R2=16 2
R2/Z=600
60 —R2/Z=2200

Switch Node Voltage [V]
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ALTERNATIVE: FERRIT IN BOOSTRAP ADDED
(WURTH ELEKTRONIK APPNOTE ANP025)

¢ EMC measurement made by an LTC3703 Demo Board using differnt Boostrap resistors & Chip Bead Ferrite (CBF)

100 - ; -
—EN55022

a0 | I | I o | | | ! R2=0
80 | —R2=162 )
— R2/Z=600
70 - -
—R2/Z=2200
E
E- 60
=
20
:
0
g 1
=
30 '[ -_-"r\‘-.
20 I
10 ’
0+ - {
30 100 1.000

Cormrsssmesras TRALE~T
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FILTER DESIGN

76 | EFFICIENT EMC & POWER CONVERTER DESIGN

RUBT@YIERnUE FOkE3@0R5.2024




LL" Input filter

(minimal recommend filter)

<]

DC

O
@ Vin — Vout
VSUp Cin
O

=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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WIDEBAND INPUT FILTER
(RECOMMENDED FILTER SOLUTION)

- ~—

T - filter — Ferrite \ DC
—— — Lo ——C ]
\ Lin 1 DC
\ /
@ \\\ — ///\/in i — lvout
Vsup \\\\ Cfilte/r//// Cin
I S M
- I
= T-filter recommend for wideband filtering

> L, for low frequency filtering (DC/DC converter switching frequency)
» Ferrite for high frequency filtering
> Ciier Shorting AC noise to GND (220pF < Gy < 10F, low ESR)

Attention!!! This filter is not efficient to reduce common mode noise on input lines
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.L/ C" OUTPUT FILTER
(MINIMAL RECOMMENDED FILTER)

Ltiter

DC 9 |

DC
— ivout
Criter
= Simple L/C Filter

» Output filter reduce voltage ripple on output traces (Conducted Emission)
» Output filter reduce radiated emission via output traces (Radiated Emission)
» No optimal solution for radio power devices

Attention!!! This filter is not efficient to reduce common mode noise on output lines
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.1 - OUTPUT FILTER
(RECOMMENDED FILTER SOLUTION)

I—filter

DC m Ferrite
— — ]
DC

O 4—0
I
ol
=

T-filter recommend for wide bandwidth filtering
L, TOr 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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81

DECOUPLING COMMON MODE NOISE

Lair leom DC -
NN
/- & bc
O L == Wl Vo
Vsup Criter | @ Cin
\‘ Lcom
<O
ICOm é

For common mode rejection use common mode chokes

For supplying over long distance common mode chokes are recommended
Additional capacitor reduce 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
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SHIELD VS. UNSHIELD
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MAGNETIC FIELD LEAKAGE

e s S

T ] E -4

2y

- 7271

- 3.304
| -

. i

| =00

- e

-I = - ¥y
Ed =

1 e

T A

T ¥

L

OO0

L]
a0 030

Shielded Unshielded o5z
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RADIATION BY INDUCTOR

REW 1 100 kH=

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

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

19dBm difference
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Spektrum 1 - Inductor @ 2MHz Clock (1.000,000 kHz - 30,000,000 kHz)

Zenter

Span

1
2
3
4
5
&
i
8

84



Magnetic leakage

llr-ﬁ

=

- T

unshielded

T

76 :
OHz 200 000 kHz 400000 kHz B00.000 kHz 800 000 kHz 1,000 MHz
Channel: 2 Window Type : Blackman Window Soe: 8192
Cusvore Irdoemation : Curtor off
Harmorc Irfoematon

Vet : 286 750 kHz -26.656 &8
3id - 850,000 kHz 51847 B

EFFICIENT EMC & POWER CONVERTER DESIGN
RUBTRNIERanEE FORE33025.2024

85 |

2nd: 573250 kHz -33547 B
A --

shielded vs. unshielded

-

shielded
| Morking ¢
=
I I l } I
- sl D |
OHz 200000 kHz 00 000 kHz SO0 000 kHz 00 000 kHz 1. 000 bt
Channed : 2 Window Type : Blackman Window Sive : 8192
Cursor Information - Cursoe off
Harmoms [rformation

Tot: 286 500 kH: -£6.977 dB
&d : 859750 kHz 56160 4B

2nd - 573000 kH: 527058
dth: -~




MAGNETIC FIELDS — CONDUCTED EMISSION MEASUREMENT

Power supply V 1.0

Al

300k 400k 600K

-

T | |

Buck Converter ST L4960/2;-5A/fs 85-115KHz
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MAGNETIC FIELDS — CONDUCTED EMISSION MEASUREMENT

Power supply V 1.1

[HBuV]
100

80 |

60
i

40

i

20 >/“‘-u =
L Y o {:}

| L T L . PR T N LT R R Y G L e R R R TR )

fm e e ————— e T e = e A e ———

150k 300k 400k 600k 1M 2M 3IM 4N S5M
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TECHNICAL SUPPORT NEEDED?
use: #askLorandt

Follow meon ...

Twitter.com/askLorandt

You )
we-online.com/youtube
Lorandt Folkel
m linkedin.com/in/lorandtfoelkel Design Engineer
at heart
@ We-online.com/askLorandt

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