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BETTER SAFE THAN SORRY;

PRACTICAL EMC DESIGN

CONSIDERATIONS

Mohamed AlAlami
Senior Field Application Engineer

WURTH ELEKTRONIK MORE THAN YOU EXPECT




AGENDA

= Practical EMI Filter Design
= Architecture
= Selection (Redexpert)
= Simulation (LT Spice)
= Layout and Tracking
= Practical Example — PoE Type 2 Flyback
= Filter design
= Signal integrity
= LT Spice Simulation vs RTA4004 Measurement
= General Interfaces (USB, RS485, Ethernet, CAN, etc.)
= EMI filtering and OVP
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PRACTICAL EMI
FILTER DESIGN




BETTER SAFE THAN SORRY
ECONOMICAL POINT OF VIEW:

= Dependent on when EMC conformity is considered in a design phase

Cost A

Pre-design | Prototype | Production Time
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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
SIGNAL PROPAGATION

= Noise Mode

e.g.: USB
Transmitter/ Receiver/
Source Load
differential
""""" 1
I
— D+ I T :
___________________ o_:_
1
________________ > ol .
— l .
: I
Data lines

= Common Mode Noise

= Differential Mode Noise
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ARCHITECTURE
DIFFERENTIAL FILTER TOPOLOGIES

Source Impedance Load Impedance
low high - small C = higher SRF
e high
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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ARCHITECTURE
COMMON MODE CHOKE — PRINCIPLE OF OPERATION

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

 From outside environment to inside device

= Intended Signal - Differential mode

= Interference 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
COMPONENT SELECTION CONSIDERATIONS

 DCBias Effect

 Parasitic effects (e.g. Leakage Inductance)

* Temperature

« Impedance vs Frequency

* Mostimportant.........

* Availability !!!
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SELECTION
CHIP FERRITES DC BIAS

742792515 Z vs fvs |

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

BEHAVIOR OF THE IMPEDANCE AT TEMPERATURE
742792693 Z vs_Temperature

A\>\\

1000 = ANNAN With increasing

| N

£ N\
S AN temperature the

NS impedance
decrease
100 -
6 60 600
fin MHz
—_—7 @ -55°C —7 @ 25°C —_—7 @ 125°C —7 @ 160°C
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SELECTION

MLCC VOLTAGE DEPENDENCE

12 |
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PRACTICAL EMC DESIGN

AC/Covs. DC Voltage

0 5 10 15 20 25 30
DC Voltage [V]
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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.

» Calculate the AC losses

Power Inductors

REDEXPERT

O I
HEIEEE
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SELECTION
REDEXPERT - USER INTERFACE

WE—

wﬂn‘m ELEKTRONIK

Wiirth Elektronik Group  Sign in

SELECTION TABLE

[# English =

rovernicos REDEXPERT® = -

100 / 2082 items

Buck
L WE-MAPI 744383130068 @ Single 620 nH 101 mQ 3.80A 1610 1.6 mm 1.6 mm
Boost ) |_|
SEPIC &
WE-MAPI o 74438313010 @ Single 1.00 uH 127 mQ 140A 3404 1610 1.6 mm 1.6 mm
Losses WE-MAPI < 74438313012 @ Single 1.20 uH 140 mQ 1.30A 320A 1610 1.6 mm 1.6 mm 0.90 -~
« [ I ] »
Desig
744383130068 =5 Share
TOO I 5 WE-MAP! - 1810 STO RAG E " Free Samples
820 nH - 101 mQ =€ ples
155A 280 A T Tiay Up
|

PRACTICAL EMC DESIGN

14 |
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« Graph 2
N £ =
8 0.65 4 =
(=4
= 8 = 80
=] E
S 055 &
2 s = a4
0.45
20
“1 Graph 1 -
0.35 T T 0 T T
0 0.5 1 1.5 2 25 3 3tk o 4.5 0 0.5 1 1.5 2 25
Current (4) Current (&)

EXTERNAL | M ALALAMI | 21FEB2022

Contact | Imprint | Copyright © 2015 Wiirth Elektronik GmbH. All rights. reserved.



REDEXPER]T

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

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

SELECTION

FILTERING OF INPUT AND OUTPUT - EMI FILTER DESIGN

EXPERT

SUMMARY

Clrcult Schematic Specifications Edit Simulation Responses

My EMM Filler project

¢ m- a Imaartion Leis out mgedane
TYPE: LC

Ve 120V

b SO0 maA

LOAD / LISN IMPEDANCE: 1000
NOISE SOURCE IMPEDANCE. 1000
ILOSS 45408215 k2

Bill Of Materials = ADD

(v} 823012205012 220ufF Aszemibiing Technology = SMT !}
Capochance » 220 o5
Rated Yohage = 160 Y
Heigtt = 2. 00 mm

Otpet Imped mce
8 744310200 200pH  Inouctance = 2.00 3+

Rated Cument = 6 50 A

Typé « Singhe
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SIMULATIONS

Conducted Emissions (CE) and Radiated Emissions (RE)

Damping

Leakage Effect

Oscillation (Instability)

Time domain
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SIMULATIONS — COMMON MODE FILTER DESIGN Take care
WITH CHASSIS / EMC GROUND

SL5HC e e
u1 -
' i :
°LAA_/J R5 RLOAD ::l i
ﬁ C4 {R} 1 H iiijmasiijmaiiiijs
t Tin | s Yl il =
744273801 SiitiiEatii=atiis
oo
L 1 100 10040
AC10 Frequenz/requency (Weiz)
R3 —_— T ——
c2 L 1R}
;tran 100u startup Ll C1

PULSE(-1 1 0 10n 10n 4.5u 9u 100) 68n  _step param R 22 2022 2000
PULSE(-1 1 0 10n 10n 4.5u 9u 100) .ac dec 10000 1000 100000000

= Power Supply Switching Frequency Considerations (L)
= EMI Higher Frequency Considerations (Z)
= Layout and Tracking

= (apacitor with and without Damping
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SIMULATIONS - COMMON MODE FILTER DESIGN Take care
DM (LEAKAGE) EFFECT

U1 00 |y
» - : 1
“L\J\/\J R5 Elm:-:
R 2|
[ 1% TR RLOAD { e
10n c5 -50 E 0 fe
ACTO0 744273801 1000 Sitii =aii =i =8
" % i "
Frequenz irsquency {MHz)
—  E0NTI) e T[T}
.ac dec 10000 10000 100000000 .step param R 5.6 100 94.4 o a

. ."ff.".“ﬂ

= Load Impact

= (apacitor Damping
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SIMULATIONS
RE DIFFERENTIAL MODE FILTER DESIGN

1000

vio % "ﬁ’"' : OutputFilter_Out o
l} -E.
/E va 10m 74279226101 R3 i
|30 )AC 10 C2 WEMPSE Co_emi 3 Rload?2 | ==
— —= 10n 50 ||$
10p Co_damp— o W ww
7 N/ 100n’ —_
s \J
_ Vloutputfilter ou)
= Load Impact R L DR RS

= EMI Higher Frequency Considerations
= Pulse Rating (WE-MPSB)
= Layout and Tracking

= (apacitor 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=100Meg Vt=3 Vh=0)

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

used (no ideals)

PRACTICAL EMC DESIGN

21 |
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54 Input: 5.8V to 42V Output: 5V @ 6A, Fsw = 700kHz
o tran 5m startup 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)
! i :Lm L i 2 .model SWLout SW(Ron=0.000001 Roff=100Meg Vt=3 Vh=0) Crransiont
_ et = J:_?u ENIUV mTvee —{—> 5
= 1
o~ |-|
2L (3 o
<]— Mode Bias
PULSE(0 4 3.4m 1n 1n 0.167u 0.33u 1000)
Cinemi —— | @ .model SWDynLd SW({Ron=0.000001 Roff=100Meg Vt=3 Vh=0)
: [~
Imon BST o
7 c3 Loemi
PULSE{0 4 3.0m 10u 10u 10m 1 1) : T s1
.model SWCin SW(Ron=0.00001 Roff=100Meg Vt=3 Vh=_0.5) Aap U R4 olt LY = NS
PG LT sw = £ sw
ey 3.3p sm c7 3 S Rioad 1Tkt RPulse
Start Up Conditions: = o \@ 3 i -
1
i Ictrl Isp ;E @ 5 L=
No EMI Filters on I/P or O/P coemi L R6 Source: LT Website
c1 10n 3
(N — TRISS Isn | | PULSE(O 4 3.6m 10u 10u 10m 1 1)
M ax Vll7 - 3 OV }_4u,._ §R2 s v '110!“11"10!'1)1 .model SWCodamp SW{Ron=0.00001 Roff=100Meg Vt=3 Vh=-0.5)
LT8613 n
. 1Meq —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&Q Vt=3 Vh=-0.5)
— GND PGND -
Actual filter component models - e




SIMULATIONS

RE DIFFERENTIAL MODE FILTER DESIGN — BUCK EXAMPLE

Output Voltage

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

FL— LL
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V[nd

3MHz Load
~. Transient - WM
OFF

B Step Load s
Pl Transient ... i .
LL —» FL

O/P Cap —
Introduced
(Not Damped)



SIMULATIONS
EMI FILTER DESIGN — RE ARCHITECTURE

R1
WE-CHF HF 742863147 WE-CBF HF 742863147 S
= WE-SL5 HC L2
Ut T WE-SL5 HC c2 ca
V2 R4 ‘ u2
L - cr iyt R2 10n 220n
@) — Taan RLOAD1 _— ::c ! >8 RLOAD
Ac 10 ™ ce R} sl 22n c3 -50
744273222 L1
" [s60n i 744273222 Teson
WE-CBF HF 742863147

WE-CBF HF 742883147
R3
v
V1 V3 82
12 12
(—) C—) Cc5 ce

.ac dec 10000 10000 100000000 (RC10  AC10 10n 290n
.step param R -50 -25 25

10000
T

£ 1m0 g

5 #

B oo B

2 B -

E o ksl i B

i 0 10 00
Frequenz firaquency {MHz) T £
— I

Frequancy [Wetr)
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SIMULATIONS
CE DIFFERENTIAL MODE FILTER DESIGN

PD1280 744 770 127 .
Vijout dumped)/V[vin_dumped] Viout_dumpediVivin_dumped) ”VW; { ’l'L*T" b * s-{Out
: I : I |’+. 27p CJf-zll pCcCDC
[ T
' s -
.ac dec 100 1k 40000k .
v
AC1
Rser=50
PD1280 744 770127
Vin_Dumped - 0
SO
~ Modeled Part Numbers: | (il I 43
_Inductor: PD1280 744 770 127 27uH R
~ Capacitor C1: 885012210032 MLCC1206 2,2uF
~ Resistor R: 4 OHm
Capacnor Cd: 885012209028 MLCC1210 10uF
|LT:5[,_)J ca| «
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LTSpice_SIM/LC_filter_2016.asc

SIMULATIONS Take care

CE DIFFERENTIAL MODE FILTER DESIGN

T ———— [Sili=irs] n out

Vioul_lowdamp ]

Effect of negative resibtance éwith a énd ordér filter bC

s = 0Ll ﬂ ﬂﬂ \ U.ni

e

/BRI

UOut RL

—

A I:)In - I:)out

* —_ *
VIn IIn_VOut IOut

AVIAI <0

AR

U | U Rin = AV/AI < 0
RDamp = 05,1, 2
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CE DIFFERENTIAL MODE FILTER DESIGN — BUCK EXAMPLE

LY A Trgice XVE - [YES_DCDC Input .-"llrr'g] -
1, g..g Edn Mesarchy Yew Smubte lools Window Help 4 R
nﬂ"rf @\ QR EHRAR I 2P HS LD LI XDNO ¢ 3 Aa P
i, OC0C s Fitwerg t: YES_DCOC npst ey
R pamp = ESR of Electrolytic i
T i ) ? K
_ PULSE401n fndm13) o L A Ricadt
. {8 s T ?4
LT2613 . 42V, 6A Synchepfl G PULSER 4 3m 1 1 20m 30m 3
d ::'smfxmm : :'s:"rf:?;‘ o‘:ﬁ. |:-(:v| .madel SWTeld SW{Ron=0,000001 Rof~10080g Vt=3 Vhed)
.
(-{:\ d ENUY e INTVee -—c{?——{';- S «:I:n-h-l
U1 w i
. . (] Mode o PULSERD 40 T 1 7.5m 12m 1000)
% LC ”"]put f||ter .mmsvmudswmm-ommm-smw-)m
Imon .-L.
| . L
Where is the Damping? = 47 A SONE o rons
lctrd :Ew A'
1 -
}—L{’}n— TRISS -
« §"'" . Synchronous Buck Converter Specification
s = Vin = 10V
3 S
Vo =5V
tran 15m startup lout = 5A (FL)
lout = 50mA (LL)
Fs = 700kHz
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CE DIFFERENTIAL MODE FILTER DESIGN — BUCK EXAMPLE

AT agiex XVE - [YES_DCDC Seput Fltaring]

Bl Gie Yiow PotSetings Smustion. Jeck gindew Help - @.'&-
G S FLRAQAQAR EIIEHBRE IDER LS/ LB o = J 20 EmE 3 Aa o

Viload tr)

Foll }
Lo Light Load Full Load
R fined)
P ’ Wilaeh Input Fitler_Dampud { ﬁ |
// S Al
~ [ |
-~ - } » m
r" ; L& . Wﬂ ! ]
1 | | J
M ' il { \ J\ : | Lk "
Without lnput Filter } : et ! Ay
Vi inpeat Filver_No Damgp LL o FL Transignt
Vivoury
i Y lnput Filter_Dompad b T - . et it
— s ‘ ‘, YT
L s — L = '
VL Sl BT ool WO ¥ = . powr ol ot
_M/ b LA e = ‘ Ll -~.<-M"“‘“ <
With Ingut Filler_No Damp
Viitsout laput Filter

LL %0 FL Transiom

11 Iy | |
; ' {f ! R R (|
< Um Cammped Fiover Damped Fiter

(e

x» 800Gy = T5N
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LT SPICE SIMULATION - MA

INS FILTER EXAMPLE

Coher

BT Lispe AC Ing er Design
File (-1 Herarchy  Yiew  Semdate j'r-rh Undow Hep

OB LSHDS 3OO0

D@ H T A8 RAAR DR & BF

B AC bngut Fiter Dywgn - Covwrwet ymems € AC gt Fiter Do - Cobarert Systeen:
om file) Vidm filr1)
1”.\ — 4
,( AC Irvput Fétw Davige - Cobmmert Systwrmt. ——
Input AC Power Line Filter
Common Mode and Differential Mode Insertion Loss
Lows

Diferostiol Mode lmerton

Common Mode lnsermion Loss

......

o - fo it
i\ oticotie o sovmsstmanes st s = o
e 1| A
1 . T = =
[ 8 r==1 T _
e | l 7
| - " Y - “-"" T
I T ; TR w
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LAYOUT & TRACKING
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TYPE 2 POE FLYBACK CONVERTER (LT3758A)

= Design Requirements:
Vin=9V-30V
Vout = 12V
lout = 1.5A (up to 2.5A)
Max Efficiency 90%

30 | PRACTICAL EMC DESIGN
EXTERNAL | M ALALAMI | 21FEB2022


../../../02 My ADMs/Tom Jackson/Mav-Systems/PSU Project/LT3758-3758A Datasheet.pdf

TYPE 2 POE FLYBACK CONVERTER (LT3758A)
EMI FILTER CIRCUIT

VOO i
o]
Ve Ft_
- R
TATHI4ES
0f ! u 12 13 0RG
3?|' |_' 1 | 1 ';' i A ! ||:I 3 1 i i 1 '_1 C"' CE j
- A L0 .\,_.-'J'\.__/ (AN '\._Jz"\,__.,”'\___/"\.._..-’ ‘»,._.,-"\\___/\____z"\‘__./. JTF JF
- g —_— . . — J— J—
AT F 2 ..,»’_'\“/'_‘\‘ll,"_'\_/'_‘\ 3 5 '..*’_'\T/'_"\.',f'_'\llf ™ & 2 LV VeV i R
1 1 1 | [ | 1
L E— T T E— . 30F
n R_
TATRES!
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VO iV
O

Ri 2R G || 100nF
.'_/

Chassie

B AR || 000

TTT7TTT

GA || 47nF

' g
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TYPE 2 POE FLYBACK CONVERTER (LT3758A)

DESIGN SIMULATION: POWER CIRCUIT

3 2 | PRACTICAL EMC DESIGN
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‘l:__f-'ff—_: rack_Verl Schematic IERENES
il L1 L2 L2 088
- - WEPoEH
TAEIIEBERIE
A L1 L3 ' WRIEHWEE
' ' E51020132004
e JEdu : Fld
1 1
WETWER  ywRILRWHE | '
SRELOEN oy zzong ' os
. 1 1
R1Z
47 ]
% _ EXE.E_ETE1DEER00E_10u ouT
---------- £IE E_STEIDELA00L 22y Cou
" . i ' FEGEZIEMEEL iL _Ls.amammr.r —_—
T T
w1 Contt
: : J_‘E-‘ll‘l R 20
1 1
| EMI Inipart Filsr 1 Gk Win ;
15 ! ' S
! ! $ EHODRANVLO INTVeD [ oy
hi
1 1 —_
------------ F4 W g;:.ru
e o4
<]_| 1z s EET1S0M10M B2
i
Al el RT WRILFIME -
i Bene T g EEODEIT IS
B1du 2z =
LTETEEA o7 .
RE ;J;
RI1 WRIEPEME
o T | [z T
D Qe
Emu 100m i
Rz
1880
fram 2 clarbup
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TYPE 2 POE FLYBACK CONVERTER (LT3758A)
DESIGN SIMULATION: POWER CIRCUIT

S5 LT3758A_Flyback_Verl Schematic | = ” (=] ” 22 |
V(out). V(drain)
_____________1__________________________T____________ﬂ_____________i_ ______________________________ [57 LT37334_Flyback_Verl Schermnatic >

E Cursor 1

____________________________________________________________ Viout)

1 T | T T | Hom [ 2.1323413ms
------------------------- i-------------%-------------i---------- --i-------------%-------------i---- Cursor 2
......................... JSNSUUUUUTON I SUURURURORY 15 SUUUUUPU I SUURVURN VRN SOURUOS WO SO0 1S v WA

\rr— EP'— “I‘— Ik:— |r“:7 I.P:— l{‘—:— '1“—: Diff (CursarZ - Cursor)

------------------------ | — NfA— | — NfA—

' ' ' ' ' : : | —N/A- | —N/A-
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TYPE 2 POE FLYBACK CONVERTER (LT3758A)
DESIGN SIMULATION: FILTER CIRCUIT

List of Parts 12V DC Supply Input
bt Optimised Filter

httpsiiwww. we-online.com/ 8 824501141.pdt

FBU/FB2: WE-MPSB
245 10x124 875075661010
74279224551 220 7‘273.?_“"5_1 _5500hm #

https:iiwww.we-online.comicatalogidatasheet 74279224551 . par

DM _out

5838 7448844977 2.2u —r

L= ] I 13 :;:’o.s

2l_Cd1

T 6.3x5.5_p5080543009_47u
17\2_74429032/ 0.32m “50‘220!0171 ;
/114 885012209027 T

DM_CE CM_ CM_CE DM _CE

CO: WCAP-PSLC e
875075661010 ! A
J30uF ! 38V

https:i'www, we-onl d 1eet’B7 5075661010 pdt

C1/C2: WCAP-CSGP

88501220907

4.TuF | 25V

hitps.i‘'www.we-online.com o 100t/885012208027 pdt

CY1/CY2: WCAP-CSGP

885012006069

47nF | 28V

nitps.iiwww. we-online.comicatalogien/datasheet/885012206069.pdt

CM Simulation & Full Filter Schematic

CaY1/CaY2: WCAP-CSGP 2220_7427{22?5_61_5500""“ 10x12.4_875075661010_330u

100nF/50V . 8440

https:/iwww,we-online.comicatalogien/datasheet/885012206055. pdt ‘ I FB1 ‘ cMC1 cuca S830.7449844022 2.2u

Cd: WCAP-ASLI J vemy oP co Lisad Ll

47uF/3SV {TAc107% 1l = —

hitps.iiwww.we-online.com/ glen/datasheet 43008 pdt \ —/ | | A

I 2220_74279224551_8500hm 5743 TAATO00ES 0.20m 885012208027 'l's.sxs.s_usonsuo«_nu

Cout: WCAP-PSHP - ¥y - 9381 744273102 11 : o 885012209027 9

875115452003 FB2 -

100UF | 20V ki

hitps:iiwww.we-online.com/catalogien/datasheet/875115452003. pdr N C M R E
(T hacto rchhe —
L) 2850122

CMC1: WE-SL5 HC S .ac dec 10000 1 1G

T44273102 '*’4 step param R 100 220 20 012206035

hitps:i'www. we-online g d 1eet/T44273102 pdt specs:

CMC2: WE-UCF ey ";J"V

7“29.0321 lout max = 1,54

hitps:iiwww.we-online. com/catalogien/datasheet/744290321.pdf EMciency = 0.9

L1: WE-DBY

7448344022

: https:iwww.we-online.com/catalogien/datasheet/7448844022 pat
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TYPE 2 POE FLYBACK CONVERTER (LT3758A)
DESIGN SIMULATION: FILTER CIRCUIT

BT Clapwce W00 - [WNASW byt Filles
[ Ble Yow DetSettiog  Grmufation e
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TYPE 2 POE FLYBACK CONVERTER (LT3758A)
TEST AND MEASUREMENT: OVERVIEW
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TYPE 2 POE FLYBACK CONVERTER (LT3758A)

TEST AND MEASUREMENT: CONDUCTED EMISSIONS

i (1] s Auto 131.1 ps/ Complete
Unda Annatation = 160 v 83.3 MSa/s 204 ns Sample
S  Start:99.5kHz Stop: 30 MH:z Center: 15 MHz Span: 29.9 MHz RBW: 4.65 kHz g

-
2

T T Ly ———
Gl 20 dByv/
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TYPE 2 POE FLYBACK CONVERTER (LT3758A)

TEST AND MEASUREMENT: SIGNAL INTEGRITY

PRACTICAL EMC DESIGN
38 | EXTERNAL | M ALALAMI | 21FEB2022 VE



../../../02 My ADMs/Tom Jackson/Mav-Systems/PSU Project/LT3758-3758A Datasheet.pdf

TYPE 2 POE FLYBACK CONVERTER (LT3758A)

TEST AND MEASUREMENT: SIGNAL INTEGRITY

RTAL004; 1336.7700K04; 102744 (01.600 2020-03-20)

4 0 @ lu &£ o, 5 Auto 5 s/ Complete

o ol _ 376V 5 GSa/s 6 s Sample

| Acquire
>

History

3

Measure

PRACTICAL EMC DESIGN
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TYPE 2 POE FLYBACK CONVERTER (LT3758A)
LAYOUT AND TRACKING REVIEW

)0

= Several issues identified:
« Ground connection far from the input/output capacitors, Mosfet Source / Rsens and IC Power GND
* AGND and PGND not separated
* Track to gate of mosfet to small
* Critical: Feedback signal shadows the auxiliary winding switching signal.
 Critical: Current sense signal overlaps the FET Drain signal.
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TYPE 2 POE FLYBACK CONVERTER (LT3758A)
SIGNAL INTEGRITY SIMULATION: POWER CIRCUIT

= Parasitic coupling capacitance estimated based on pcb and track parameters
= https://www.emisoftware.com/calculator/biplanar-capacitance/
= Modelled in LT Spice and simulated

'L: LT3758A_Flyback_Verl fault simulation EIIEI
L1LZL3 038
WE-POEH
Y s ristissz__
o R14  RE4SSD 51 = ! gﬁ';rmw“
i 1 ¥ a4y : R13
)
WE-TVEP s i
BSOS soqgotan00d ! , o
Ry oy P
o S35 ST5105355005_35U ouT
____________ i L ) Cout
. ; 18358 STSIOSAMND 22y REG2EMESA J_ ¢ lm1mm Rigad
vl | coutt
0
T : I 3
\EMIInput Fiter ! 250K L
¥ ' J: SHOWUVLO
:
.
_____________ ] u
Eo i
s
Lo
R LY sanee RT WRIS-PSME
Rt Sansa g1 SBUOSOTRONGE -
Eldx L - 105K
LT3T58A CT-NFy_?_n
RS v _— R11 WRIS-PIME
l_— W T SBO0SOT20003
c2 cs
10K GND 000
gmn gmp <7
Rz
158K

tran 10m startup
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https://www.emisoftware.com/calculator/biplanar-capacitance/

TYPE 2 POE FLYBACK CONVERTER (LT3758A)

SIGNAL INTEGRITY SIMULATION: POWER CIRCUIT

Results consistent with the measurements

k3

o | = || &

______________________________________________________________________________________________

____________________________________

_______________________

________________________

_____________________
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________________________

________________________
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______

V(drain)

B‘I LT3758A_Flyback_Verl fault simulation
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Diff (Cursor? - Cursor)

| — NjA—

| — NjA—-



../../../02 My ADMs/Tom Jackson/Mav-Systems/PSU Project/LT3758-3758A Datasheet.pdf

TYPE 2 POE FLYBACK CONVERTER (LT3758A)
SUMMARY AND CONCLUSIONS

= Regulation is fine across the load and line spec conditions

= Efficiency is good at around 87%

= Thermal performance is very good (max board temperature 42.4Deg(C).
= EMC Conducted emissions performance is also very good.

= However, layout and tracking has resulted in an issue with signal integrity.

In General, Layout and Tracking issues:
= (an be difficult to identify
= May not result in an immediate failure

= Ormay resultin a complete failure of the converter

A good layout and tracking is essential along with filtering to achieve EMC and good functional performance.

PRACTICAL EMC DESIGN
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GENERAL
INTERFACES




APPLICATION GUIDE

= b ] ° pe)
=

Welcome to the Wiirth Elektronik Application Guide

Plaswe chacse am appilcation catepory

Power Supply Interfaces

% N1

Interfaces

Flease choose an interface

use2.0 USB3.x/USB3.1C CAN RS232

- - - FEsEEREEN . L o
(I X TR T « K .

RS485 /RS422 VDS Ethernet Single Pair Ethemet

[T
") | e ofe
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https://www.we-online.com/applicationguide/en

USB 2.0 FILTER

P/N 829999 BAG

P/N 829999 STICK

Controller
Connector

.
L2 o1 L3
Il

Y

With this kit you can rebuild the design of the USB 2.0
EMC stick.
829 999 BAG contains schematic and the required
components:
10x WE-CBF 742 792 651
b5x  WE-CNSW 744 232 090
b5x  WE-TVS 824 001 02
10x WCAP-CSGP 885 012 206 051
1x  USBPlug WR-COM 629 004 113 921
1x  USB Socket WR-COM 629 004 160 21
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USB 3.0 FILTER
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P/N 829993 STICK
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P/N 829993 BAG

L1 L1
LYY, YYYL
=0
L2
o R S
5 3
-
C E
o 3 o
O VAANS O
o
L3
AAAS
=

1x

With this kit you can rebuild the design of the USB 3.0

EMC stick.

829 993 BAG contains schematic and the required
components:

2x  WE-CBF 742 792 040

1x  WE-CNSW 744 232 090

2x  WE-CNSW HF 744 233 670

1x  WE-TVS 824 016 46

1x  WCAP-CSGP 885 012 206 051

1x WR-COMUSBPlug 692112030 100

WR-COM USB Socket 692 122 030 100

T L m—




WE- EPLE CONNECTOR WITH INTEGRATED EMI & ESD FUNCTION

e ESD Protection of data channels and VDD

e Common Mode Noise Rejection

¢ VDD Differential Mode Noise Rejection

¢ Provides ESD protection for each channel to
IEC 61000-4-2 (ESD) £15kV (air), £8kV (contact)
IEC 61000-4-4 (EFT) (5/50ns) 20A (I/O), 40A VDD
IEC 61000-4-5 (Lightning) 6A (8/20us)

e Ultra Low capacitance: 2pF typical

¢ Fast turn on and low clamping voltage

P/N 8492121

s s

-

Full Speed — 480MHz

48 | PRACTICAL EMC DESIGN

EXTERNAL | M ALALAMI | 21FEB2022



WE- EPLE CONNECTOR WITH INTEGRATED EMI & ESD
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impedance Z [Ohm)
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I

| q:\_'I.‘r'_'Q_‘{J'_'E?_/—'—0D-

IBD-p rotection

o

Lllllllll (1 1]

0000 ——0 D+

GND O

Connector

I
|
I
I
I
|
1
|
I
|
I
I
|
I
|
|
|
|
1
|
|
|

I
I
I
T O
& ! GND
I
I

PCB

| 1 Common Mode*

N ID-
DUT ;}—l
Connecior

DUT ZI

10 frequency f [MHz] 100 1000

—COMMON

- == differential * 500 zystemn impedance
measured on PCB Sewd



TYPE-CFILTER BOARD - OVERVIEW

WE-CNSW HF  WE-CNSW WE-TVS WE-TVS
0504 60 Ohm 0805 90 Ohm DFN1210 DFN3810
7442335600 744231091 824012823 824014885

WERI

[ 7, i+
632712000011 .

4 T [+ L] O

= O WERI

— —0

—VE—O— D% — | 632723130112
]

: w' TH LEKONIK

WCAP-CSGP WE-MAPI WE-TVS
0805 4,7uF/25V 4020 1,2pH DFN1610
885012107018 74438356012 824045810

APP NOTE 007
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RS-485 FILTERING

DemO Boa rd Datafing :«%
WCAP-

WE-VE

. GND CSGP
é ' WR-
WORTH BLEX TRONIX pSuUB

Dataline B

WE-SL2
CAANS WCAP-
AN CSGP

WE-TMSB

17T
T T

GND WCAP-
CSGP

===

WR-
DSuB

Design Bag BOM

e e
WE-SL2 144 222

ommeon Mode Line Fitar
Datalme L1

IMAX = 6000 O VRIACI =50 V
. . €50 Suppresoor i
EMI filtering adapter for — ouatme ™1 (oc oV iEkce 1ok veve  SmsToss
: O B e e b A e 2 VCLAMPYD =S5V
RS-485 interfaces i P 3T 3 el ey b e = o e
) lo , R Lo N T% |, Dota Lig | O1-C2 Mutilayer Ceramic Chip Capaciion WCAFR 885 012 005
coml, of iy | PRI b M o C « 100 oF. VR(DC) = 10 V. NFD CSOF 013
< LY | L +
; S cﬁle‘ .l Powsr cecy Mutigyer Caamic Chip Capacior WCAS- 685 912 105
__——]U L °f-* J .. 3 Line C=WFpF VRIDOI= 63V X588 ¢ o 006
_\ S Power ; EMO-Fant R 142 893
8 _J) Line B Z @ 100 Mz = 1500 Q. IR = 500 mA YriiiMes 41152

0-SU8 Female PCE Connecior - 3.08 A16000 231

App Note 083 il whose

618 008 231

Conpector  CON2 D-SUB Make PCB Connacler - 808 mm WR-DSUE
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HPLE WHAT IS THIS?

= Why do | need this?
= HPLE = High Performance Low EMI

Frequency MHz
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DIFFERENCE BETWEEN STANDARD AND HPLE?

Standard Integrated LAN Xfmr HPLE Integrated LAN Xfmr

i ! 'fmg 415 - <
i el L L o e r‘HE ) L1 ﬂh?:n :I;:ll| H
&: i - ; . q]llﬁ- um LJ:IE % = 44— s
| a & .
o) T o ;
i '.!'.-L.;L_,-L_.-' i -} Tﬁ' r-.l?i a] | | ﬁ.ﬁ-nm. JT
@% = g L2 | —m—|
I - ; = = LqHI < ";T_T_T_“' —A— .
fE+ s8] - JB
68 ! = 1000eF 2V ! @ ?EWI!F -
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NEW DEMONSTRATORS - DESIGN YOUR EMC FILTER

Multiple Line Filter
This Gvatiaton Szers (T44 552 4) @ eapecal s CapESe O AENThng LTENTWT 30UNCE BNd TR
TOSTETIE 30T I3 841 INe T ITArg ThETICerE ST

DfTarwst commcn moce SHoke TIe SSlTIESE
Duervstiaze protesion Srmugh 1aae and varsicr
S i e Sererial mote soas

Evaluation Boards

Part

Number

7440081 250V (AC) . : N . —

7440982 250V (AC) - . - - = ot
Y~ 5D 25

7449933  30V4B 5 = -+ -+ o ez
ot AENER TITSI0N0

7449934 250V (AC) * + - B
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INTEGRATED MAINS FILTER: WE-CLFS
THREE TYPES

= UR: 250V (AC/DC) i l o
= 1-Phase Filter I

= (Climatic Category 25/100/21 =
(-25 to +100°C / 21 days moisture test)
= Fast-On Terminals

= (Chassis Mounting (M4)

Two-Stage

Single-Stage Advanced Two-Stage

ol 1 @0 é P us

Advanced

Single-Stage

~ AN N N
W

o}

W

Il
]
o

]R —_— =

°
m
O
ey |

- e o ———

=
Q

:
Sans
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NEXT BIG EVENT

56 |

F2F Event
Birmingham, UK
Large Venue
Registration link
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WURTH ELEXTRONIK

Powering the World of Electronics

s

National Conference Centre, Birmingham

Monday 10t" of October 2022

>
Investigate various reference
designs

J

Practical considerations and
Topology selection

Great opportunity to learn about power‘
converter design

optimise performance

[ Utilise state of the art test equipment to |

WIN a Rohde
& Schwarz
RTB2000
Oscilloscope!

Full day’s technical sessions covering various § [
aspects of practical power converter design,
simulation, optimisation and testing.

Registration fee is £30 General Admission or £10 for a limited number of students. This
includes your ticket, lunch and a copy of our ABC of Capacitors book with a bag of Wurth
Electronics goodies.

To register and for a more detailed schedule for the event, please click the link below:
hitps://www.eventbrite.co.uk/e/161106767679

oxthan you



https://www.eventbrite.co.uk/e/powering-the-world-of-electronics-2021-tickets-161106767679

Any Questions

P

]
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