FILTERING CONSIDERATIONS FOR

DC/DC CONVERTERS
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SMPS FILTERING
Why do we need a filter ?

= How to meet EMC standards requirements?
= Speak about noises
. . —— Peak measurement
= (irculating currents ~— AVG measuremen :

= = Limit_Linel
== Limit_Line2
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GLOBAL POWER DESIGN SEMINAR TOUR

Filtering considerations

= SMPS filtering
= Common mode
= Differential mode

~

= |nput filtering
= Qutput filtering
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SMPS FILTERING

EMI noises sources and types : Two different coupling schemes exists

= Differential mode = Common mode

Differential Mode Common Mode

—

— pC
V_supply ) bC V_supply
) DC
«— DC —>
=, T
= Source from current loop ¢/, = Source from voltage %v/,,
= Coupling by inductive way = Coupling via capacitive way
= More related to main switch frequency and = More related to switching noises and ringing
harmonics
;. fo=10-fs > Filtered by Common Mode Choke filter and Y-Caps
> Filtered by LC filter - fo<10-fo, s —1—
0= T T 0= T M T
(z.ﬂ. /L-C) (Z'T['\/LCM'2°Cy) | ::Cv
1 ¢ e AYYYN b
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WHERE THE NOISE COME FROM

Buck topology
Radiated Emission Conducted Emission
L
I ’\\\ AN
> L 4 4 ¥ V¥ L 4
Ly | S .
Conducted Emission { . __......... S - :  |Conducted Emission
a““ é "re,
o Radiated Emission .
+ . — = :
Source C) Viy & —— /N :: I:I Vour
Cin D \ =t | Cour Load
s BN\
."'--..... ------------------------- -5‘-----""".:
. . lllllll B .

Conducted Emission

High di/dt cause differential mode currents by magnetic loops
High dv/dt common mode currents through parasitic capacitances
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WHERE THE NOISE COME FROM
Flyback : High d\//dt Nodes

Source

High dV/dt common mode currents through parasitic capacitances
(electric dipole and monopole antennas)
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WHERE THE NOISE COME FROM
Flyback : High di/dt Loops

LISN
Y Y S o
T ......... AR P B
s R +
50Q | | : il
Source ‘\ﬁ -
i ; Load
il S I e R L S )] [ )
500
e Lk

Inductive coupling caused by high di/dt differential mode currents
(magnetic loop antennas)
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FILTER TOPOLOGIES FOR IMPEDANCE SYSTEM

Use traditional calculations
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GLOBAL FILTERING
SMPS filtering : differential mode

= Quick design : differential mode filtering

= Arule of thumb is to set first -40dB attenuation noises, to set filter frequency 110 of switching frequency,.

1

Lilter= £ \2

(2 L fg) ' Cilter

Input Output Ltircer

Load

Source

DC
DC

J 1+

) [*
|

ut —

high impedance

low impedance
||
|
D)
S
i
|
|
¢ lowimpedance J
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OSCILLATION AT CONVERTER INPUT
CE DIFFERENTIAL MODE INPUT FILTER DESIGN

O —O-————- O— O
| EMI Risk DC
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?

1 ANAL
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INPUT IMPEDANCE OF CONVERTER (AN EXPLANATION)
CE DIFFERENTIAL MODE INPUT FILTER DESIGN

|In |0ut

= |nputand output power of converter is near the same (efficiency drop) - DC
UIn T TUOut RL
= Under stable conditions output power is constant O DC O
= |f the input voltage falls, the input current increases |
In
A Pin ~ Pout

Voltage-current line has a negative slope

* —_ *
Vln IIn_VOut IOut

AVIAl <0

Vln »L IIn T R, < 0

‘ R, = AV/Al < 0

NEGATIVE DC INPUT RESISTANCE

ANALOG [z
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FILTERING DRAWBACK SOLUTION
SMPS filtering

= (aution must be observed with filtering, when inserting magnetics in power lines
= Dampening is necessary to calm down any resonance effect
* A dampening factor ¢ of 0.707 is sufficient
_ Cdamp n+1 Lfilter
= Arule of thumb is to set few ohms max to R_damp = Cinput n

2 Rdamp ' \/ Lilter * Cinput

" Cdamp value near to Cjppyt to avoid high n’ value
= ‘n’ should be 4 Lritcer
n ,m Y\ _
Microsoft Excel |
Worksheet
. e . . Source . R
« Possible with different capacitor technologies Cf”teﬂr damp Cinput oc /-
T T DC |
Cdamp
|
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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:
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GLOBAL FILTERING
SMPS filtering : differential mode

in 1

47
"
J7 AC1

.ac dec 100 100 1Meg

|c1

l47u

= Frequency domain :
l / nnf’))

18dB \ (in1 \/(nnf’l) 20°
9dB o°
OdB_J -20°
-9dB -40°
-18dB -60°
-27dB -80°
-36dB =100°
-45dB \ =120°
Be
-54dB \ =140°
-63dB \ =160°
\.
72dB =180°
100Hz 1KHz 10KHz 100K Hz 1MHz
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UTspice’

Ly

PULSE(0 12 0 100n 100n 2m 5m)

in2 \ﬁ) I out?2
47 ?Rl
<+>V2 1 e
— 1c3 |47
~ At %—l;4 "
tran05m 0 1y
= Time domain:
24V \I(in1) \/(nuf’l) \/(nuf’))
rv' <1 =1
16V
12V
8V
AY)
ov P\
-4V
v U
-12v
_1%\.10:1’15 O.5l|'ns 1.0||'ns l.5|!ns 2.0r|ns 2.5l|ns 3.0l|'ns 3.5||'ns 4.0|!ns 4.5lITlS 5.0ms
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CE DIFFERENTIAL MODE FILTER DESIGN — BUCK EXAMPLE

20 |

AT LTspice XVI - [YES_DCDC Input Filtering]

'l: File Edit Hierarchy View Simulate Tools Window Help

PedD A0 QRAQGR BRTEEY +B20#HESES L SD 3 x>0

LC input filter

Where is the Damping?

LT8613 - 42V, 6A Synch

Rt
R1 GND
604K #

Step-Down Converter with 6A Output Current Limit
Input: 5.8V to 42V Output: 5V @ 6A, Fsw = T00kHz

Step-Down Regul with Current Sense and 3pA Quifescent Curr

- ress

LT8613

step param R0 11
en

An op
1, YES_DCDC Input Fikering |3+ YES_DCDC Input Fitering |
Damp \/ vinput 26 (ﬁ\
PULSE(0 40 1n 1n 3m 1 3) A 9.2y _L“ :Ezs Rload1
.model SWLin SW(Ron=0.000001 Roff=100Meg Vt=3 Vh=0) e 20 St P

PULSE(0 4 9m 1n 1n 20m 30m 3)
.model SWTrLd SW(Ron=0.000001 Roff=100Meg Vt=3 Vh=0)

~7
PULSE({0 4 0 1n 1n 7.5m 12m 1000)

14 @ .model SWDynLd SW{Ron=0.000001 Rofi=100Meg Vi=3 Vh=0)
e

|
] M ~7
o

Vout = s1

Imon BST
(=3
LT Ap U R4
PG sw
3.3p 3m Jf?
10p
lctrl Isp

Isn -RZ—ALCS

FB
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PGND
R}
‘% iﬂ;ﬂ(

.tran 15m startup

SWDynLd R_FLoad
% 1

Synchronous Buck Converter Specification
Vin = 10V

Vo =5V

lout = 5A (FL)

lout = 50mA (LL)

Fs = 700kHz

1115
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CE DIFFERENTIAL MODE FILTER DESIGN — BUCK EXAMPLE

}:ﬂFIE View  Plot Settin
IMW‘?M@\QQ&QI%LIE%%\ YRR@AG LD L] Szwzwoemm op |

4.0v
_| B V,
3.2V
2.8V
2.4V
2.0V

0.8V
0.4v

0.0V
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EXPERT

FILTER TOPOLOGIES FOR IMPEDANCE SYSTEM '
Use REDEXPERT Tool: SMART way : :

EMI Filter Designer for differential mode:
Use this application to design a discrete electronic EMI filter for conducted differential noise, for example from your DC-DC converter, and evaluate the realistic response based on real components.

Project’s Title: Topology: Advanced

Title _ _ SMD components anly
My EMI Filter project

o— TN o
Input parameters: Shielded inductors only
Cl = c1 1 cz
Operating current o -|_ o o -|_ -|_ a

Operating voltage o o
. » ca
12V 0.5 A O High temperature (125°C)
O i (- Jal O F
Load / LISN impedance Moise source impedance (O shared input capacitor DC/DC converter
100 Q 100Q

Cut-off frequency o——ﬂ"“-—l_ﬂ"“—o o_rn‘nIrnn__c, OTT“I““_D
50 kHz o o ca L o -
o T 0 o T o o T T o

O T-Filter (O ath-Order LC-LC (O ath-Order CL-CL

Attenuation at Frequency

40 dB 500 kHz

https://redexpert.we-online.com/we-redexpert/en/#/emifd-embedded

[————— ===

b e o o = = = -
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https://redexpert.we-online.com/we-redexpert/en/#/emifd-embedded

My EMI Filter project
GLOBAL FILTERING ) LY

A7 uH

O o —AYYYL___

SMPS filtering : differential mode

= LtSpice and REDEXPERT comparison: same results!

c1

Lot 1) _

8d \vuti) 47 uF _100

od — e o, . O 20

e~ -

-8 U -30

1ede \ 1 J_ 47 UF 25\ 14.6 mi r-40°
Lo dE \ —l_

2448 L1 SYYYL &7 UH 550 mA 2080 i

-324B \\ 60°

-40dB oo \ -70°
t
-48dB \\ -80°
56dB _ inl : L3 Outl \\ .90°
64ds 3015 74438335470 47u \ £100°
/\Vl . C4 N
i W, 870025574002_47uF N~ .
u
-80dB S Rser=10 = = F120
_ssds VAC 1 fac dec 100 100 1Meg| <~ F130°
-96dB ©140°
100Hz 1KHz 10KHz 100KHz 1MHz

23 | G e crcaron > BEpEas




GLOBAL FILTERING

SMPS filtering : common mode

= Quick design : common mode filtering
= To reach around 30dB~40dB attenuation :
=» Corner frequency of LC filter < 5~10 time less than converter working frequency.

1

Lilter= RV
S

(2 TT 5~‘iv()> *Cilter

Input Output efilter
NN |
Source N Load
DC Critter ——
— (i Covr —— 41 \\
Cfilter
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GLOBAL FILTERING

SMPS filtering : common mode

L3 4

20°

2 7 01. 07. 2025
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ind 1 outl
V1 Lan lca
2 |7 |3 Ty 2c1
M_744823305 5m [ |47u
C5
1n
.ac dec 100 100 1Meg outllL
= Frequency domain :
100§ V(outl) ’\ - V(out2)
T w
-204B ~\
-309B N\
ke \\
\
-504B \\
N\
-604B
7048
_8§E)(I)3Hz 1KHz 10KHz 100KHz

1MHz

L 20°

-40°

-60°

-80°

F100°

F120°

F140°

F160°

180°

UTspice®

Ly

B
Lo
=
N
C
o
8 | A4
c in2 1 —="=4 ——out2
O °\./\./\./\/
S V2 — o6 R
o 2 °| [ 3 1n | 2 ::C:z
N 1
= | M_744823305_5m 7J§33 47u
o AC7 147U
n - 1n ‘
D
o tranO05m O 1y out2L
= Time domain:
24 \(outl outlly \(out2 out?2ly V(inl,nL)
213
18
15%
123
9y Z =1
6\
3
0
-3
-6
-9
121 T T T T T T T T T
0.0ms 0.5ms 1.0ms 1.5ms 2.0ms 2.5ms 3.0ms 3.5ms 4.0ms 4.5ms 5.0ms
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APPNOTE ANPO15

DCDC & ACDC Filter Calculation / LT Spice Simulation / Measurement / Layout

ANPO15
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APPLICATION NOTE

ANPO15 | 1-Phase Line Filter Design

Andreas Nadler and Stefan Klein

01. INTRODUCTION

The aim of this application note is to provide the reader with a
comprehensive overview of the steps necessary toward a
suitably dimensioned line filter whose format is as compact
as possible. A discrete single-stage line filter is compared
here with a discrete two-stage line filter by means of
calculation, simulation and measurement. The different core
materials of the common mode chokes and their properties
are then explained. This application note also addresses the
calculation of: varistors, leakage currents and discharge
resistors. It requires a certain knowledge of passive

components, filters and EMC measurement technigues.

02. PRECOMPLIANCE MEASUREMENT
SETUP

The two different interference current paths have to be
distinguished: common mode (CM) and differential mode

(DM). In an EMC acceptance test, both interference current

WE

The two measurement outputs (L s and N re) of the LISN are
connected to the analog inputs 1 and 2 (50 Q) of an
oscilloscope. The mathematical function of the oscilloscope is
then used to determine the interference voltage for DM and
CM:
V -V
Vi = —re = Ve 1)
2
VLrr + Viurr

5 (2)

Vem =

For precompliance measurement, a Rohde & Schwarz
RTALOO4L oscilloscope with 500 MHz analog bandwidth is
used in conjunction with the desktop software R&S EMI
Debug Tool and a CISPR16 LISN (own construction) (setup in
Figure 2).

|solation
ransformator

ANALOG
DEVICES

WE


https://www.we-online.com/files/pdf1/anp015_en.pdf

EMC SIMULATION

= The most portable Lab ANALOG
nFVI(‘FQ

OéﬁnHH*b D]E%QQQ BLLO:-3vlet 1O

LIspice’

Ly




UTspice®

LTSPICE SIMULATION L’
L
LISN —r gha
:_8|,1F ::C5
= Schematic 250nF—
. _ R10
= Typical schematic for a LISN, very common . §5R §§07
12.2 {> 2*Wires : ?1m
R8
. . R9
= Common mode / differential mode §5R %50 o
= CM and DM are made from noise nodes Lrf and Nrf co micy
. ; T, 250nF
with a sum or difference W 6 R
W, 00/ N\
50uH u Im
LISN
Bl B2
<& V=(V(Lt)-V(Nrf))/2*1Meg < V=(V(Lrf)+V(Nrf))/2*1Meg
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UTspice®
LTSPICE SIMULATION L7
Fsw=500kHz, Buck LT8612 12-5V 1A

= Schematic

" Vpy(uv) = ZREZNEE 49000 000 Ve (V) = ZEEZZNRE 1 000 000

u)
dBuV = 20 -log(7 - N 10V = 0dBuv 1V =1 000 000uV = 20 - log(10%) = 120dBpV

B a e o s ede s s e e s e e e B . TR

e e T W T i 7 0 RS SR I D D S SR S DI DI
e I O I IR ci4
g ..... 8pr . . . . ::CS ...................... T ENJUV
B 250nF . . ... oo od
o o e ;2SS SR A PR D E
C ‘.ﬂ. . : e v v v oo ~R¥. . . . . . . . fo o o ¢ L8 acflecee e e e Mode
. _: .......... <850 . . . . . . . . o es L,VUJ ...............
P e P oowmesizm T | =— RN DR

....................... : .. 2 °. 3 PG

............. R8& : 1 :

T = Tso XS_TAROLIOAOM | sowie _ wrcm) i -

§‘ ...... & ] I - Y i

............. c?. . a5 87 .

B Al T s s v ae

..... 8uE [T s o 5 0 a0 o o oo o5 cSBe o o {Rt} GND

.......... L3 6. . . .. Rs ;”ﬁ
............ SopH A in im L 3 . i; . .param Rt=88k -
B S S-S B D 100
______ I N miow [ | e
""iif‘"_'".'"i"'_"'_"f"_'"_'"i'"_'""f"_'"_'"i"'_"'_"f".'"_"'iiiiiiiiiiiiiiii:ﬁ?ﬁ“ﬁ?fi‘aﬁﬂnﬂfa&mﬁniiii"?“'i‘“il'?"_f‘“i“i““i*”i"”i‘ciiiiiiiiiiiiiiiiiiiiiifiiiiﬁiiiii_m_"’FiiJ;i"'i
... ... ... .. .measPinAVGV(INgnd_out)*I(Rs) FROM 5004 TOZ50u . . . . . . . .measTRAN Tsw TRIG V(sw)=0.TD=500p RISE=1 TARG V(sw)=0 TD=500p RISE=2. . . . . . . . . . . . .
B AR B .meas Pout AVG V(OUT,gnd_out)*I(Rload) FROM 500p TO.750p . | | | | meas tran Esw param 1/TSW . . . . . . . . . . ...
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UTspice’

V(dm) V(cm)
LTSPICE SIMULATION i L,
80dB i |
Fsw=500kHz, Buck LT8612 12-5V 1A sods| T — M Al CISPR32 NG
. | i R AGT T
= Time and frequency link N\\
7107 | EERRRR S S WA | S L -
. | | I f
= Perturbation frequency
0dB- .
V(Sw,gnd out) [
16V -20dE .
14
12 -40d £
10
8V -60dE
6V
4V -80dB
oy 10KHz 100KHz 1MHz 10MHz 100MHz
oV :
2V
15V V(dm)/1Meg V(cm)/IMeg T DM and CM of Buclh.raw *
1.2 Cursor 1
0.9 - Viem)41Meg
g'gv /k | Hoz:| 500.08811ps |  Vet:| 88.291814mv
0:0 V4 A Cursor 2
0.3 M Viem)alMeg
-0.6 /4 Haz.l 500.12885us Vert:| 66.264857mV
-0.9 \ / Diff {Tursor? - Cursor1)
1.2 e Horz - Vert:| -22.026957mV
2 8us 6450us 645.2us 645.4us 645.6us 645.8us 646.0us 646.2us  646.4us  646.61s ope:| 540553
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UTspice®

LTSPICE SIMULATION
Fsw=500kHz, Buck LT8612 12-5V 1A

= No filter :extra wideband noises, Fsw main disturbance
Short Circuit

CISAR32

10KHz 100KHz 1MHz 10MHz 100MHz
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UTspice®

LTSPICE SIMULATION
REDEXPERT Selection of the differential Mode Inductor

WE-MI SMT Multilayer Inductor | D “\lﬂr 1

L 0047 033 uH |1z 3t0 300 MA | Roc max, 0.15t0 1850

Quick calculation example
1 1

Lfilter= =
eer - 500k 2
‘Cfilter \2-T—gg ) ~10wF

(z.n.jﬁﬂ)
L
filter = 50k)2 10uF
Lfilter=11H
lterative calculation could be used to reach a common
value, frequency to no need to be ultra precise.

WE-SD Rod Core Choke
L2to10pH |Ly 10pH |lg 3to15A | Iz 15A |Rpcq 5.7 mQ

WE-FI Leaded Toroidal Line Choke [EiELEA
LB821to860pH |L, 140t 150 pH |1y 1110 5.4 A | Rop ey, 0.042100.26 02

WE-TI Radial Leaded Wire Wound Inductor
L 1to 68000 uH |L, 1500 uH | Iy 068 A | Rpp e 0.01 Qo 112000 Mo

WE-5I Leaded Toroidal Storage Choke |[Eiiied
Shielded |L 12t 1619 pH Iz 1.1t0 145 A

WE-RCIT Rod Core Inductor THT
L2to10pH |l 3t015A |Rpe 1.7t033 m0

WE-RCIS Rod Core Inductor SMT
L 1to 104 pH | Rpc max, 1.7 to 33 m)

WE-PD2 SMT Power Inductor
L 11t 2200 pH | Rye e, 0009105302

WE-LQ SMT Inductor
Unshielded L 1to2200uH |1 0040188 |Ryp ga, 0081047 0

) s A SR



UTspice®

LTSPICE SIMULATION

LtSpice simulation

= With DM only : DM filtering action!
Short Circuit

Lfjlter=1uH

CISAR32

10KHz 100KHz 10MHz 100MHz

1 ANALOG
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EXPERT

LTSPICE SIMULATION

Selection of the Common Mode chokes  (Fsw=500kHz, Buck LT8612 12-5V 1A (I _in > 400mA) =

" Need AObB for 744821110 x 744821039 744821120 744821150 744821201 744821240
SOOkHZ and tr\/ tO Iﬂfn;_-i!g';:ﬂmml .iuwutr;lLHMiL'H};:nn :zuttr:Hh?il..u};;n 5-.\;:3:&1.;34 l.;txri-.ﬁgn 4.‘;33:“{.:3,‘
find wide BW : I — —
100kHz to 10MHz Insertion Loss Common Mode @500 = O

Use REDEXPERT o 100 kHz| g B 10.0 MHz | 1

o d2
S0 dBE
WE-CMB - XS .
comparison = g
g o dB E
Z E
20 dB

10mH 744821110

seems to be well

centered and enough 1092

attenuation | | |

1 kH= 10 kKH= 100 kH= 1 MH=z 10 MH= 100 MH= 1 EH=z
Fregquency

ANALOG
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https://www.we-online.com/en/components/products/WE-CMB?sq=744821110#744821110

UTspice®

LtSpice simulation s

= With DM+CM : Noise killer... Ready to go to EMC Lab!

CISPR32

LCMC=10mH

10KHz 100KHz 1MHz 10MHz 100MHz
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