HELLO TURKIYE

PAOPAS

WURTH ELEKTRONIK MORE THAN YOU EXPECT



ONE STOP SHOP; A MEASUREMENT
APPROACH TO PRACTICAL DESIGN FOR
EMC

Mohamed AlAlami
Technical Specialist

WURTH ELEKTRONIK MORE THAN YOU EXPECT



Agenda

= DC/DCFilter Architecture
= Boost Debugging Example
= SEPIC Snubber Design and Measurement

3 | A MEASUREMENT APPROACH - EMI DESIGN

EXTERNAL | M ALALAMI | 26TH MAR 2026




DC/DCFILTER

ARCHITECTURE




NOISE PROPAGATION
CM & DM Noise Currents

= Differential mode current (DM)

Current path as in the schematic

Easier to understand the noise paths

High currents, di/dt and dv/dt
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Common mode current (CM)

= Current path unexpectedly

= Return current path very big

= Relative low currents (some pA)

= Radiated EMI problems



ARCHITECTURE
DESIGN CONSIDERATIONS

Multiple stages

= (Considers Conducted and Radiated Emissions/Immunity

= Accounts for Common mode and Differential mode transmission

= |Includes OVP (ESD/EFT/Surge)

= (Considers Layout and Tracking

= (Considers practical component and functional shortfalls
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ARCHITECTURE
DIFFERENTIAL FILTER TOPOLOGIES

Source Impedance Load Impedance
low high - small C = higher SRF
high or high or
unknown unknown
low Choose ferrite bead
low . .
= build no resonance with C
= broadband filter
low or low or Pay attention to:
unknown unknown SRF of used
components
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Filter topologies — Demo board
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Filter Topologies — LT Spice Simulation
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ARCHITECTURE
COMMON MODE CHOKE — PRINCIPLE OF OPERATION

= |t is a Bi-directional filter
 From device to outside environment

 From outside environment to inside device

= |ntended Signal - Differential mode

= [nterference Signal (noise) — Common Mode

= Conclusion:

- “almost” no affect the signal - Differential mode

 high attenuation to the interference signal (noise) — Common Mode
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SELECTION




SELECTION
COMPONENT SELECTION CONSIDERATIONS

 DCBias Effect

« Impedance vs Frequency

e Pulsed / Inrush Current

1 2 | PRACTICAL DESIGN PWR CTRL EMI- TURKIYE

EXTERNAL | M ALALAMI | 30TH NOVEMBER 2025



—— e
SELECTION W/ ==
— —_——
MULTILAYER FERRITE BEAD : INTERNAL STRUCTURE WURTH ELEKTRONIK

X

&
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SELECTION
MULTILAYER FERRITE BEAD CONSTRUCTION

High Frequency
General Structure
Structure
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SELECTION

Data line : Compromise

Ferrite
Level [dBuV/m]
- 60 Z
] --- Limit
_ﬂ-l_\-ﬂ- 50 Measurement
i
- ] I | At
Data signal N 20 | >
A
30 F 1
A
20
10
g 30M  40M 50M 70M 100M 200M 300M 400M 600M 1G
Data Slg nal Frequency [Hz]

The impedance of the ferrite must be high enough to attenuate the noise

but not too high to not damage the useful signal
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SELECTION
CHIP FERRITES DC BIAS

742792515 Z vs f vs |

742792515_0A
742792515_0,6A

——742792515_3A

\
/

» SRF moves to higher frequency

Impedance (Ohms)

» Impedance decrease

1 10 100 1000
Frquency (MHz)
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SELECTION

Effect of Current and Temperature

Pulse peak after

switch on
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SELECTION
IN-RUSH CURRENT

[ ]

A 10 pFy

0
‘_I
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SELECTION
IN-RUSH CURRENT

= Multilayer Ferrite (0805)
= Destruction at a pulse of 1ms with max. 40A pulse current
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SELECTION
IN-RUSH CURRENT

= Multilayer Ferrite (0805)
= Destruction at a pulse of 1ms with max. 40A pulse current
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SELECTION
HOW TO PROTECT THE FERRITE

Avoiding inrush current damage to SMD ferrite beads

SMD/Ferrite
L1
. 4
C2
| R1
Ui, [ Load
e.g. 12V DC 100nF
S
= Protect ferrite from In Rush current during :
. Power up
. Hot plugging
. Line Transient
. Surge
. Load dump
. Safety for SMD ferrite against In-Rush current (load dump) current
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SELECTION
MPSB SOLUTION
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http://www.we-online.com/we-mpsb
http://www.we-online.com/we-mpsb
http://www.we-online.com/we-mpsb
http://www.we-online.com/we-mpsb
http://www.we-online.com/we-mpsb

SELECTION
WE-MPSB MULTILAYER POWER SUPPRESSION BEAD

=  Current Load Measurments :

100000

10000
1000
100
10
1

5 10 15 20 25 30 35

max. Current [A]

Number of Pulses (time between pulse min. 10s)

40 45 50

~— 742792 206 01 [600 12,1 A145 mQ] — 74279220321 [320Q125A130,5mQ]
— 74279220181 [180Q131A1265mQ] —74279220800[80Q14A113mQ]
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SELECTION
SELECTION TOOL - REDEXPERT

The losses determined with REDEXPERT are based on real
time DCDC measurements with its typical current and voltage

waveforms. Besides all core and winding losses they do also
consider losses in the air gap.

p Calculate the AC losses

Power Inductors

REDEXPERT

=
HEEEEE
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SELECTION
REDEXPERT - USER INTERFACE

wi Wirth Elektronik Group Signin  [# English ~ .

e SELECTION TABLE ponecincos REDEXPERT® = -

100 2082 items
Buck

L WE-MAPI 744383130068 @ Single 620 nH 101 m{} J.80A 1610 1.6 mm 1.6 mm
Boost ) D
SEPIC 8
WE-MAPI <+ 74438313010 @ Single 1.00 uH 127 ma 140A 340A 1610 1.6 mm 1.6 mm
Losses WE-MAPI 74438313012 @ Single 1.20 uH 140 mo 130A 320A 1610 1.6 mm 1.6 mm 090 -

4 | 1 | 3

Desig
Tools | == STORAGE e s

680 nH - 101 mO
155 A -380A

 Tidy Up

Inductance / Current C Warming / Current O
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Contact | Imprint | Copyright ® 2015 Wikrth Elektronik GmbH. All rights. reserved.
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REDEXPER]T

https://www.we-online.com/redexpert/#/module/1

www.we-online.com/redexpert
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SIMULATION




SIMULATIONS

= (Conducted Emissions (CE) and Radiated Emissions (RE)

= Damping

= Time domain
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SIMULATIONS
RE DIFFERENTIAL MODE FILTER DESIGN

1000

Vol : "ﬁm' : OutputFilter Out e
L i
gy 10m 74279226101 R3 £
|30 )AC 10 C2 WEMPSE Co_emi. 3 Rload2 | =<
- == 10n 50 ||$
10p Co_damp— o W wm
N 7 100n L e,
_ Vloutputfilter out)
= Load Impact R L B R

EMI Higher Frequency Considerations
Pulse Rating (WE-MPSB)

Layout and Tracking

Capacitor Damping
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SIMULATIONS

RE DIFFERENTIAL MODE FILTER DESIGN — BUCK EXAMPLE

PULSE(0401n1n 2.6m 1 1)

@ .model SWLin S\W(Ron=0.000001 Roff=100Meqg Vt=3 Vh=0)

LT8613 - 42V, 6A Synchronous Step-Down Regulator with Current Sense and 3pA Quiescent Current
5V Step-Down Converter with 6A Qutput Current Limit

used (no ideals)
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s4 Input: 5.8V to 42V Qutput: 5V @ 6A, Fsw = T00KHZ
N tram 5w starip PULSE(0 4 4m 1n 1n 500u 1m 1)
SWLin : .model SWTrLd SW{Ron=0.000001 Roff=100Meg Vt=3 Vh=0)
RS Linemi
IN [ : | PULSE{0 40 1n 1n 2.6m 1 1)
LV fom Jf"‘ L " o .model SWLout SW{Ron=0.000001 Rofi=100Meg Vt=3 Vh=0) e
_ 0 £ J;,_?u ENIUV wvee — > .
(&) 1u
o~
HONE o
<]— Mode Bias
PULSE(0 4 3.4m 1n 1n 0.167u 0.33u 1000)
Cinemi == ] @ .model SWDynLd SW{Ron=0.000001 Rof=100Meg Vt=3 Vh=0)
B -
Imon BST L
7 c3 Loemi
PULSE(0 4 3.0m 10u 10u 10m 1 1) , = 51
.model SWCin SW(Ron=0.00001 Roff=100Meg Vi=3 Vh=-0.5) Ap L1 R4 obr LI = NS
PG LT sw = 5 sw
- 3.3p sm c7 AN S Rioad nLd RPulse
Start Up Conditions: = g (\@ g i -
u 0
. Ictrl Isp ;E' wn
No EMI Filters on I/P or O/P coemi L R6 Source: LT Website
c1 10n 3
in — TRISS Isn | | PULSE(0 4 3.6m 10u 10u 10m 1 1)
M ax ,/”7 - 3 OV }_A"_ §R2 s v Coﬂa;ﬂog1 .model SWCodamp SW({Ron=0.00001 Roff=100Meg Vi=3 Vh=-0.5)
LT2613 n
. 1Meg —PDP PULSE(0 4 3.0m 10u 10u 10m 1 1)
Vout = 5/, Min Load 50mA ( DCi M} Rt B .model SWCout SW(Ron=0.00001 Roff=100M
R1 GND PGND R3
Actual filter component models i et




SIMULATIONS

RE DIFFERENTIAL MODE FILTER DESIGN — BUCK EXAMPLE

Qutput Voltage

Dynamic
I/P and O/P Load
Ferrites Transient Step Load
Introduced 3MHz Transient

FL— LL
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Vo

3MHz Load
- Transient . W
OFF

.. Step Load [
Pl Transient .. & .
LL —» FL

O/PCap =
Introduced
(Not Damped)



SIMULATIONS
EMI FILTER DESIGN — RE ARCHITECTURE

R1
WE'CBFL';F 7423531& SL5 HC WE-CEF HF 742863147 82
- L2
Ui G WE-SL5 HC c2 ca
u2
L V2 - - :‘; ‘ R2 10n 220n
G_z — Taan RLOAD1 o 1 >€ RLOAD
Ac 10 [ cs R} s 22n cs -0
744273222 L1
L4 [s80n i 744273222 TJseon
WE-CBF HF 742863147 |
: WE-CBF HF 742863147
R3
S~
V1 V3 82
) (@& = e
.ac dec 10000 10000 100000000 (RC10  WAC10O 10n 220n
.step param R -50 -25 25
v v
a
100000
& 1000 g
; [ -
B o B
‘E 1 ¥
g W i
E 10 bt 1"
.I 0 LiE) 00
Frequens traquency {MHZ)
— il -_—— Frequarncy [Wetr)

— —
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DC/DC INPUT FILTER DESIGN

CONSIDERATIONS




Oscillation At Converter Input
CE DIFFERENTIAL MODE INPUT FILTER DESIGN

O —O————- O— O
| EMI Risk DC
DC <_> Input Zout Of Zn Ry
Filter instability DC
O —O————- O— O

= Adding an input EMI filter to converter input can cause oscillation at converter input

= Problem could arise : the converter no longer meets response specification and may even become unstable!!!

Why??7?
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Input Impedance Of Converter (an explanation)
CE DIFFERENTIAL MODE INPUT FILTER DESIGN

Iln Iout

Input and output power of converter is near the same (efficiency drop) DC
UOut RL

<
—
—

Under stable conditions output power is constant oO— DC

O

If the input voltage falls, the input current increases
A PIn ~ Pout

Voltage-current line has a negative slope

* — *
Vln IIn_VOut IOut

AVIAl <0

Vln l Iln T R'” <0

‘ R, = AV/Al < 0

NEGATIVE DC INPUT RESISTANCE
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What could happen?
CE DIFFERENTIAL MODE INPUT FILTER DESIGN

= Simplified model EE—
- L
C_) {Ind}
v

V1
= R,:Rdc of the inductor

= ESR: serie resisistance of the capacitor

QOut_LowDamp

DC DC

= |nputimpedance of the buck converter (looking negative — see previous slide)

¥

= NICE WAY TO CREATE OSCILLATORS
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INSTABILITY
CE DIFFERENTIAL MODE INPUT FILTER DESIGN

Take care

= negative_oscillation [= = =]
VIout_lowdamp ]

Effect of negati;\/e resis:,tance \f/vith a 2”0' ordeér filter

RDamp=O.1~\nAﬂ . ﬂ” ”N '\

v/

AR

RDamp = 0.5,1, 2

39 | PRACTICAL DESIGN PWR CTRL EMI- TURKIYE

EXTERNAL | M ALALAMI | 30TH NOVEMBER 2025



Damping Input Filter

CE DIFFERENTIAL MODE INPUT FILTER DESIGN O
= Damping capacitor C4 blocks DC current = Converter
f
= Damping resistor R, reduces dip magnitude of filter
o O O
at resonant frequency f, 1zif)|
LN
/ 15 \K}\ 1308 0000 150000
g = \\
R |Z|damped N
o1 —- ====|7|undamped \\\

£ [kHz]
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Calculating Input Filter Components values
Gain-Bandwith product
Give the right filter cutoff freq to have the attenuation required with the choosed filter topology (order)

A(dB): attenuation required
_AdB)

feo = fsw - 10(”'20

n: filter order

Fsw: switching frequency

Fco: filter cut off frequency

20

f [kHz]

Ur \~ T1 >
10 1 H 1000 10000 100000 .
.\\ Our design:

-20 Py

\1\ Adb: 32 dbuV m) F, . 23,77kHz

\ 2nd order filter
w0 : \ Fsw: 150kHz

dB
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Calculating Input Filter Components values

Selection of the L and C value

Different values for L and C occurs. In our design we can choose as follows:

T . RS L
C 2,2 uF VW

R Overshoot
L 27|  uH

| Fs

_ _ ' N
fa 22 JL. O =~ 21kHz . =

(20,65kHz \ F
o —Fl

calculated) ° ™~ % Poles

\ cutoff freq
-20
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Calculating Input Filter Components values

1) Calculate damping capacitor Ca=n-Cf  withn=4o0r6
_ _ . Le(n+1) 2n?%(4 +n)
2) Calculate damping Resistor a= ¢, 2n 2T+ 30)

Keeping the same values of undamped filter, we can add an Rd and a Cd as follows:

Rd 3,57548 {} ST -
L
Cd 28| uF ﬁ) Rd
e C
C

2_,2 uF = cd

L 27 uH l ;I;
n 4 v
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SIMULATIONS
CE DIFFERENTIAL MODE FILTER DESIGN

PD1280 744 770 127 :
Y[out_dumped)f¥[vin_dumped) _Viout_dumpedlNfvin_dumped) rVﬁl d ‘:"L‘:'v 3 g *-Out
S : : Dol : I A |‘+. 27y CJ}?" pCDC
| | =
..... < _-:'.R2....4.
' < 80
ac dec 100 1k 40000k v
v
AC1
Rser=50
PD1280 744 770 127
[Vin_Dumped - 1R
O
 Modeled Part Numbers: | il 1IN 2
_Inductor: PD1280 744 770 127 27uH R
~ Capacitor C1: 885012210032 MLCC1206 2,2uF
~ Resistor R: 4 OHm
CapaCItor Cd: 885012209028 MLCC1210 10uF
|LT:5L,_)J @l «
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LTSpice_SIM/LC_filter_2016.asc

CE DIFFERENTIAL MODE FILTER DESIGN — BUCK EXAMPLE

AT LTrapice XVE - [YES_DCDC Input Filtern l]l

46 |

1, foe Edn Meardy Yew ulste Tools Window Help —'-_-
m-EPrf ®) @\Ezﬁ HERA VLRSS LD EI YOO  An 0P
{, YE5_0C0C rpas Fteerg | 8% YES_DCOC inost FRemng
R pamp = ESR of Electrolytic_ =
P AN— 1 :
U8 .‘I.‘if.if‘?&f."swm’:b”m Ro#=100Mog Vt-3 Vh-0) * 3 % A A% St
" !0-21‘ Ty A4
LT361] . 2V, 6A Synchepfiow - PULSE(D 4 S 1m0 20m 20m 3)
Sup-Dovm Convartes with 6& Oulput Current Lienlt model SWTrld SW|Roa=0,000001 Roff~100M0g Vt=3 Vhed)
Inpot: 5.8V 0 &V Output: 5V & 6A, Faw = 700 i\
B
o2 (¥ mr..’.-‘
o ENUY INTVec b e Q
™ . " i
Mode Bias
LC |nput f|lter ::aﬁmm;.mgmm-nmwaw
Imon BSYv—-lsl - g
Where is the Damping? i~ 4T = PR
Ictrl Isp _L—§'
-'}—cﬂ'-—‘m-ss sn

-2 LT861)
LI Synchronous Buck Converter Specification

aw = = Vin =10V

§ Vo =5V

tran 15m startup lout = 5A (FL)
lout = 50mA (LL)
Fs = 700kHz
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CE DIFFERENTIAL MODE FILTER DESIGN — BUCK EXAMPLE

I Cisgiex XVE - (VES_DCDC Iepont Fltaring]
E. Bl Yiow PotSettings Smustion Jeck gindew Help

2@ ETAHRAAREGERY S DERAS /LD TONOD Cmiihn

Foll Load Light Load

Full Load

R fined)

ol T e SEATIY
- Viah lnput Filler_Dampud
-~ | £

Without lnput Filter }

Viitout laput Filter
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BOOST EMI DEBUGGING

EXAMPLE k.

ELEKTRONIK o new @y
MORE THAN LAY - -
YOU EXPECT  woox ‘ma0 ¢ TECHNICAL
RO ACADENTY
DEMONSTRATION BOARD

U2022.1
PN: 600 004
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Objective of the Good and Bad Layout
Keypoints

 Single Point PGND vs. big PGND Loop

* (orrect vs. Wrong Capacitor Position

« Same Semiconductors, different Passives
* Shielded Choke vs. Unshielded Choke

* Alu-Electrolyte vs. Polymer Caps

* Filter @ I/0s vs. No Filter at all

 Ferrite in the Power Loop of a DCDC ¥

5/14/2026
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Schematic Bad Design
19V = 24V/0,5A

TP12 1M gy
) Ri& R15
7f—~4——E::F———¢—————————4——E::FA + =
tn ’ e =
N 3k9 A4y e
+ (:]
[ ———] =
R21 p== = g
. % - ,
- —L— 5 =
100R S8 2L N
Ci9 | L . R
2 }=_____ nCTE NN . K e YA
o, ) N\ - - | nse
#" ic2 1o an ngh '.‘1@: STC®
220p’ Boost IC I i - = BND R2uae
- s q N
O R2@’ &‘81 s TI(‘A\.//At = g 1 L1 /0
ZF*——ﬂ::D———:1|=—ﬂ> L { rseN JIN = TPL3 ‘/// TP14 Jout 1U/8.5A
@ 494" 9 B )
LTO% a } 2. J &
S 100p 2 . - [ - -
ULYUO N P BF - outHat
_ uce 4 ] } USSBD2M4e = GND
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PCB Layout Bad Design
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Schematic Good Design
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PCB Layout Good Design
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Time Domain Measurements
PCB Test Points

RTA4004; 1338.T700KO4; 01248 (01.600 2020-63-20) _ [RTA4004; 1335.7700K04; 10218 {01600 2020-03-20)

’\ W \ T p & S Auto M08 ‘\ -ﬁ _ ke y - 1] J Auto 20 ps/

Unde  Delete BT Asootation O 20mV 5GSafs " Unie  Delete 1 Aasctatien E 21.6mV 5 Glafs 56ns
Test Test
Point 12 Point 11

Vp+:396 mV

Vp+: 19EmV @

RS Cyc: 15534 mV T:24ns 4169 MHz Vpp: 758 mV A\ RS Cye: 3.9415 mV 134 1:29.0291 kMz

Bad Design Vin Ripple/Noise: 758mVpp Good Design Vin Ripple/Noise: 34m\Vpp
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Time Domain Measurements
PCB Test Points

RTA4004; 1335.7700K04; 301298 (01.600 2020-03-20) _ e ] e RTA4004; 1335.7700K04; 101248 (91,600 2020-03-20) e

4 B Q@ b 2 5 Auto / i ) & m s Auto 200 ns/

)
Unts  Deets BT heosation 7 . 20mV 5 GSafs o " totaen 7 . Abmv 5 GSafs 5.6
Test Test
Point 14 Point 5

tr: 1 ns *¢

Vp#:5.439 mV

“‘WMMMW*WWM www\ WW»'MWWW.:M:%L M -

w Ltk 12736 ps

- Vp- -3.038 mV

RS Cye: 371,16 mV 1:58ns £: 172.48 MHz Vpp: 1374V £ : 21 Vpp: 8,477 mV

Bad Design Vout Ripple/Noise: 1374mVpp Good Design Vout Ripple/Noise: 8mVpp
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Time Domain Measurements
Switch Node Voltage

Bad Design Good Design no Ferrite Good Design with Ferrite

ATAEL 1208 7700 €U (1002 192000-31) RTALLE D28 7704008 #2129 01 080 S0E000 Y

- n \ lhey ? g 0nsyf Complete
(O = 0 mv

RTAGAL 108 770006 4 (11403 220-0231)
f s
- m ) e ’ J 200/ Complete ' - m 1 [ y

S ) 5a5as 04 s -~

Saryle ; D 1 Ao . s 5 5% s Sy N bessis Sample

. e 01 At

Test Point

§: 583 236 kHa
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EMC Test Lab
CISPR32 Radiated Emission
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EMC Test Lab
CISPR32 Radiated Emission

dBpV/m 0 | ﬁ

A (i gﬁ”
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Frequency

Bad Design
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Near Field 1GHz (H-Field Probe)

d t i - BOOST EN

} % P woo Py 0 -
I A e WURTH g
WURTH Ny :Z'”. .‘.' o lerd= ELE“TRO_N”( V' ‘g : o ]
ELEKTRONIK & .3¢ . ; == : MORE THAN @ §4. i 9 = TECHICAL
MORE THAN € Ja:fif 9t = TECHNICAL ot YOU EXPECT  sfcc wac £73p0
RCADE Y o -

YOU EXPECT

DEMONSTRATION BOARD

DEMONSTRATION BOARD

Output
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Near Field 1GHz (H-Field Probe - Big Loop)
Bad vs. Good

RTA4004; 1335.7700K04; 101217 (01.700 2021-11-11)

a 0 Q@ V4 o W 7 Auto 4.369 s/ Fetig 1%
Rickgangig  lowben  Zoom Markieren % oV 2.5GSa/s Os Einzelwert 53
& Start: 30 MHz Stopp: 1 GHz Center: 515 MHz  Span: 870 MHz RBW: 120 kHz W:31.96 ps P:0s -

T o B G | I oo el 10 dsuv/
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EMC Test Lab
CISPR32 Radiated Emission

amuvim C | ' | I ~ Schottky Reverse Recovery ca.
250MHz = 3-5ns
T 1”!."‘;!wt~""“‘wiﬁf;ﬁgﬁ' A N~ :
iy ) i " .n}%WW», m‘“mww i M HH.I ‘w ’TJ’",' wm\
MLMJ» Ll ;‘%*W‘ AW stlmmi 4 M.

Frequency

Good Design: No Filters and no Chip Bead Ferrite after Schottky Diode
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Redexpert
Chip Bead Selection @ 0,5A lout and 250MHz = Reactance XL under 10MHz as low as possible!

REDEXPERT' FERRITES FOR PCB ASSEMBLY APPLICATIONS HowTo | IC SHARE o AITEMS : ANDREAS
Y@ Fitters £ « O8O3 LOG OUT
el  Orger Code | Barles W Bize L. Spec Type i Z@I0OMHZ Y Zgae v Zosoam250 MHZ  Rosga@250 MHz ¢ Pinl. ¥ i FASSemBIL. e  OOWNLOAD MODULES
nm—-um-m-mmmmmm-_m-—lh
F‘L 742792000 WE-CDF 0B0s tray Wide Band 240 0 280 0 @250 MHz 400 mn | 40 A 200 imm 125 mm 0.900 mm 1 SMT
Fulse i 742792040 WE-CBF 080s gy High Current 60000 700 0 @150 MHz 2400 130 150 ma2 200A 2.00 mm 1.25 mm 0.900 mm | 8MT |
1 74279205 WE-CBF 0805 (nay Wide Band 1.00 kQ2 1.056 kQ @120 MHz 450 mQ 200 mA 2.00 mm 25 mm 0.900 mm 1 BMT 1 -
G 7279206 WE-CaF 0805 tay  MIgh Currem 2000 5500 @1.00 GHz 050 2420 26.0 mQ 3004 2.00 mm 125mm  0.900 mm 1 SMT 1
v 742792063 WE-CBF 0ROS tray High Current 6000 90.0 O @500 MH2 4340 3480 250m0 300A 200 mm 1 25 mm 0.900 mm 1 SMT 1
1742792004 WE-CBF 0805 twy  High Speed 7500 300 0 (®B00 MH2 200 mG 170 A 2,00 mm 1.25 mm 0.900 mm 1 EMT 1 7

74279207 WE-CHF 1804 it High Current 100 140 () @400 MMz 1 150 m(2 1.00 A 2 00 mm 1 25 mm 0900 mm 1 5M1 1

= MORE

=[]
| 0.50 A v
1k 1 ke S
X, 70
L = = 11nH
2-mw-f 2nl0MHz
w100 1"
& :
] L
9 L
g | 2
=
= 1oa 100
i
1c . - . 1a r v 1a
I MM 10 Mz 100 M, 10 10 G ) MMz 10 M2 100 M | GH 10 B 1 MH 10 M4 100 MH | G 10 G
Fraquency Fraquancy Fraguancy
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EMC Test Lab
CISPR32 Radiated Emission

70
dByVAm Alternative: Schottky with less Reverse Recovery and/or RC Snubber!
CISPR 32/CISPR32 - FAR B - QPeak/3 O
TP3 Ferrite Bead
\.,'»,\",'\,. ".*",,'.;,,1'.:1 \’ \ : !
.u.‘._‘,r.v-"‘.“]‘gu‘. Wil ) o X
LT 1~ ‘h!’ﬂ)'i;’il\‘mdiw“i“ IO 7 Vet siw st
‘"""?'-f'..}‘\\i__\"g,'.‘."”.l;‘,‘!ﬂ.‘!U‘lll,',l,'.}l;'m‘}(,ak.n-'-n-«“'-'“'"-*‘i“"'}"'*l‘“m PATTANTTOPIRDITY MY Yrnirsc ﬂ““
| i il [tsp1ss32asBT
: i —_—
0
= _ Critical
+ E Loop
-10 i i i H H H i i i - (] ‘
30MHz = g ‘
Frequency 3 SI—

Good Design: No Filters but with Chip Bead Ferrite after Schottky Diode
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SEPIC SNUBBER

DESIGN




SEPIC using LM5155 x5

LM5155 SEPIC s

LM5155EVM - Overview Calculator 13 TEXAS
INSTRUMENTS

LM5155EVM-SEPIC

General Specification

= DC/DCSEPIC Converter
= i =6-42V
" Vout = 12\/
" /out,max = ZA

= P 24\

= [, =2.2MHz

out,max —

CAUTION: N
C171 3 =1 #RS KoY SURFACE 01D

= |nductor: 1.5uH WE-DD 7448700015 e ' o zcid

[ :::::"a','\’b
R ﬁcxa
PR Lo L8

—

xoc

o]
’.PRJ_Number’.PCB_Rev
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https://www.ti.com/lit/ug/snvu628/snvu628.pdf?ts=1762366047536&ref_url=https%253A%252F%252Fwww.ti.com%252Ftool%252FLM5155EVM-SEPIC
https://www.ti.com/lit/ds/snvsay4f/snvsay4f.pdf?ts=1762438770708
https://www.we-online.com/components/products/datasheet/7448700015.pdf

SEPIC using LM5155 _ o
LM5155EVM - Schematic N l l l

——O
i
y

g2

57538

VOUT 12v0C @ 20A
uF

22uF I
E

7
& —— ONP —
5758
l PGND i)
Rl 4 P—"‘&m
0 ] Evnr SSOSENLWFAFTIG
.E,
y
R2 Ra L
A
0 %00 \P %
vIN CC  WIN MR I
c12 F0.0%
100pF
L
c13 4
p—>aus
ut 1uF -
LR C14 PGO
0.1k l 2 ==
QDtuF BAR P
PEND < 3
3 QATE
&0 LLOVSYNC
PGooDCE
L &o | Fooco co e vour
==c15 \rs o
24,0k
100pF 10 PoND |4
5 510k
1. Lod 55 7 fad 4
‘j-.t;<
. ep—22
R10 B AGND >
209k —=CI6 NT1
(M5 16600 SER0 T Nat. Tie
0228 = £ A1
ci7 = 464
AGNO PGAD
Q.033uF
—C18
1200pF 12
232%
PGNO AGND PGND GND
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https://www.ti.com/lit/ug/snvu628/snvu628.pdf?ts=1762366047536&ref_url=https%253A%252F%252Fwww.ti.com%252Ftool%252FLM5155EVM-SEPIC
https://www.ti.com/lit/ds/snvsay4f/snvsay4f.pdf?ts=1762438770708

SEPIC using LM5155

Snubber Circuit Design & Testing

= Time domain investigation:

Noisy reverse recovery of diode.

Measure frequency of ringing -> fo = 136MHz
Introduce an external cap in // with Diode -> C1 =
110pF

Measure new frequency of ringing -> f1 =
1T11MHz

Calculate the ratio m = fo/f1 = 1.225
Calculate parasitic Co = C1/(m?-1) = 219.48pF
Calculate parasitic Lo = 1/[(2nfo)? x Co] = 6.24nH

Calculate Rsnub =./L,/C, = 5.330Q
Used Csnub = 220pF and Rsnub = 4.4Q

Qs: Initial reverse spike can be reduced by

Sources:

https://www.ti.com/document-viewer/lit/html/SSZTBC7
https://www.eetimes.com/calculating-an-r-c-snubber/? _ga

153 |

PRACTICAL DCDC DESIGN
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https://www.ti.com/lit/ds/snvsay4f/snvsay4f.pdf?ts=1762438770708
https://www.eetimes.com/calculating-an-r-c-snubber/?_ga
https://www.eetimes.com/calculating-an-r-c-snubber/?_ga
https://www.eetimes.com/calculating-an-r-c-snubber/?_ga
https://www.eetimes.com/calculating-an-r-c-snubber/?_ga
https://www.eetimes.com/calculating-an-r-c-snubber/?_ga
https://www.eetimes.com/calculating-an-r-c-snubber/?_ga
https://www.eetimes.com/calculating-an-r-c-snubber/?_ga
https://www.eetimes.com/calculating-an-r-c-snubber/?_ga
https://www.eetimes.com/calculating-an-r-c-snubber/?_ga

i3 Texa s |
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LHS1S5SE ”"'\‘Zplc/-

SEPIC using LM5155

PRACTICAL DEMO

BInS=1c/ ~ |

BMCO30A BHCO30A
Loop Current low coupling factor k  Loop Current high coupling factor k
= Modified Board: = NEW Inductor:
" U,=10-32V = 15uH WE-MCRI
SNUBBER Design " Loy =12V = EXTENDED SERIES k= 0.7
/out,max =2A = Cac=2.2uF
'Dout,max = 24\
= /= 500kHz
= |nductor:
= 15uH WE-MCRI 7448990150
= K=0.995

Cac = 2.2uF vs (// = 22uF)
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https://www.ti.com/lit/ds/snvsay4f/snvsay4f.pdf?ts=1762438770708
https://www.we-online.com/components/products/datasheet/7448990150.pdf
https://redexpert.we-online.com/re/5wDfsaN4

COK TESEKKUR EDERIM

Mohamed Alalami
Technical Specialist
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