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WURTH ELEKTRONIK MORE THAN YOU EXPECT



LET'S START WITH QUESTIONS

= Do vyou think that ...

...a DC/DC converter can “generate Conducted Emission”?

... the EMC of a DC/DC converter is “affected only from the PCB layout”???

... with an “oscilloscope vou could solve all EMI situations”???
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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
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TESTH#3-7: V2022.1 WITH MODIFICATION - CONDUCTED EMISSIONS - COMMON MODE
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TESTH#3-7: V2022.1 WITH MODIFICATION - CONDUCTED EMISSIONS - DIFFERENTIAL
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FLYBACK EMI - DEMONSTRATION BOARD -V2022.1 - MODIFICATION

Background

There is no short noise return
path from y-capacitor C15 to CM-
Noise Source (Switch node,
secondary side)

CM-noise bypasses the filter and
couples into the filter (parasitic
loop antenna)

CM noise imbalance occurs
(CM/DM conversion)

Switch Node
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FLYBACK EMI - SCHEMATIC-V2023.1
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FLYBACK EMI - DEMONSTRATION BOARD -V2023.1

Top Star point
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MORE THAN
YOU EXPECT
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FLYBACK EMI - DEMONSTRATION BOARD -V2023.1

Bottom
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TEST#3-7:V2023.1 - TOTAL CONDUCTED EMISSIONS - LINE
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TEST#3-7:V2023.1 - CONDUCTED EMISSIONS - COMMON MODE
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TEST#3-7:V2023.1 - CONDUCTED EMISSIONS - DIFFERENTIAL MODE
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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)

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

» Lowest cost in comparation with the next ones

Power Choke

cin WE-XHMI 1090 Cout
Y Y Y
1 Y 1 4 7uH 1 Y 1
+ = = +
z |2 a = S
«© ~ 1Q 1Q N N
> >
= ~F

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, [Psyn]= 0,05 0,11 W
Estimated Junction temperature, [T]]= 50,04 50,10 “C
MOSFETs Power Loss Break Down (W)
0,028 P 0,027 0 @ Control FET Conduction
oControl FET Switching Loss
0,106
O Syn. FET Conduction Loss
0,108 ODiode Loss and Syn FET
1,916 Switching Loss

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

i‘ﬁ'ﬁneon IPDO31NO6L3 G

"

Estimated Efficiency

Overall estimated efficiency @ full load, [n]= 95,52 %
estimated.
0,254
Og‘;}% OMOSFETA Loss
vgs o

OMOSFET B & Diode Loss

0,107
Y MOSFETC L.
4% o 78 [m] oss

ﬂ - 11 % 1% OMOSFETD & Diode Loss
Qs - oRsense & Inductor DCR Loss

Definition of FET Vm Overall Power Loss Breakdown(W, %)

on Vgs Vs. Qg curve
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OptiMOsT™3 Power-Transistor
Product Summary

Features Vos 80 v
= |ldeal for high frequency switching and sync. rec.

9 y 9 y R s (ommax 31 |ma
+ Optimized technology for DC/DC converters Io 100 | A

* Excellent gate charge x R ps(on) product (FOM) RoHS ;
» Very low on-resistance Rpgon) ‘f
+ N-channel, logic level

+ 100% avalanche tested

+ Pb-free plating; RoHS compliant

- Qualified according to JEDEC" for target applications

drain
Type IPDO31NO6EL3 G pin 2
gate
pin 1
1 (tab)
3 source
Package PG-TO-252-3 pin 3




REDEXPERT: INDUCTOR SELECTION FOR DESIGN(A)

* 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

o D X (1 —D) X I, tmax c s 0,78 x (1 —0,78) x54
m= AV pp X fow M= 100mVpp x 600kHz

4uF

# Start Warth Elektronik Unternehmensgruppe  Andreas ¥ Deutsch ~ -

Keramildondensatoren (MLCC's) REDEXPERTW
I ) e =) S =) = e =) = = = = =) =)
Im-ﬂmm—mmmﬁ

hmellanzl'Fre-mlenz = O ESR | Frequenz = O Kaparzititsinderung / DC-Bias Spannung =
1 k0 1 k0 — __= [ 24.0 V|
0% -
100 £ 100 £
10 %
100 100 =1
=
=
= E zo% {
= 10 5 10 =
= L =
= H
— m
5 anwe
100 mo 100 mo =
10 m: | 10 mo | _ag % 4
1 mo T T T T T T | 1 mo T T T T T T | -50 % T T
1 kHz 10 kHz 100 kHz 1 MHz 10 MHz 100 MHz 1 GHz 10 GHz 1 kHz 10 kHz 100 kHz 1 MHz 10 MHz 100 MHz 1 GHz 10 GHz ow 10V 20W oV 40 50V 80V
Freguenz Freguenz DC-Bias Spannung
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LTSPICE SIMULATION

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

AT
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sm \1" 4T
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ser=0_2 Rz o< R4
oa asok "
AT0On 50
-|- ! ’
R3 - - "
ine nsinm win = ISP INTVeo & &
56.2K
EEEEEE o BST2
RS
499K
OO Bs5T1
RE
274K
— CLKOuUT TG n
T
1
"
— vinmen s
16 18
— 18mon BG1 n
LS L6
R12 n i
SHORT LT SMSP
200K
R13 _ smm
10 sMSN
100K -
ccm PanD -
LT3780
cs
<]—| | Wre Bc2
B
CTRL swuz
PV TG2
R14 SGMND 55 SYMNC RT o PWMOuUT  FB

tran 10m startup
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FILTER LTSPICE SIMULATION

* Simulation vs. measurement

A7 Wspice V - LT3790_DC2132A TAO1A fit

=@ &

Fle View Plot Settings Simulstion Tools Window Help
B d 5 [ QaR[RESRE +bEM S8 )
£ LT3780_DC2132 TADIA | 157 LT2790_DC21324 TADTAR | ¥ LT3780 DC2132 TADIArew

{7 LT3790 DC2132 TAN Araw

o Y | Wy A PN 1 yrm | b ! V1 -291.07 mV.
: f i V2 659.94 mY
T AY 951.01 mY
Track waveform
/ Y |a
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CONCLUSION FOR FILTER DESIGN

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

[T | Horizontal
20 ps
1]10.555272 MSsa
1 ]21.110544 ps/div
=]

Level: 261.49 my

R

od
4 |AC Bwy: 500 MH=z
I 1Eample

-
7 Scale: 10 dB/div
84442 us 1oss5s g  Offset: 50 dBUY
. FFTmaglChi)
EBW: 900081 kHz

—|

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

= 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
* T - Filter can achive in theorie up to 60dB/Dec damping

L fitter INPUT Output L fitter
YYY L, o o — YY)
Source S 3 3 g Load
N +| CiiterElko € ooc S DC S oes © CilterElko |+
pm— e . 3 —=— Ci, Cout=— & ;, 2 pm—
- fit ou fit
E £ DC £ £
> g 5 =}
= = = =
L J [ 9 [

Ferrit Spule Spule, Ferrit,
O—am——F Y — — Y Y Y ——am—CO
> DC =
a — — =
3 DC *Dj
O Elko Elko, O
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LTSPICE SIMULATION FOR T-FILTER DESIGN (A)

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

R3 L1 L2
vz SR =
1 4.7TuH ic1 WE-MP SB R4
e g >4
Rdc: 13mOhm 1 UU'..IF .
AC 1 WCAP-ASLI
Output T- Filter

RS L4 L3

V1 =
1 4.7uH iC2 WE-MPSB R6
e AHE
Rdc: 13mOhm 1 Unl..lF
AC1 WCAP-ASLI
Input T- Filter

.ac dec 50 10000 500000000

R1 LS

V3 TR
1 4. 7THH R2
VVE-XHMI +|C3
Rdc: 13mOhm  —— 10
100uF
AC1 WCAP-ASLI
LC- Filter only ~
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LTSPICE SIMULATION FOR T-FILTER DESIGN (A)

. Damplng for T-Filter above 40dB Differntial Mode .. 150KHz up to 80MHz

V[nl]l]d] ‘\.I’[nl]l]B] V[nO11]

R ’T Fllter Output
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CMCFILTER FOR ALL DESIGNS

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

Ferrit Spule Spule, Fervit,
O— Y 'GEel VY Y Y Y G Y Y O
5 HE E
o cMC — — CMC %‘
l_b—w pc M_OD
Elko Elko,

F1 Typical Impedance Characteristics:

F1 Typical Impedance Characteristics:
= Input: Output: iy
LIl WE-UCF WE-UCF -
1 —e 7 2x56uH 2x120uH =
g 4 g /
i / MLl  Ir=7A 3 Ir=55A ¢ / "
g Z Rdc:4,7m § @ Rdc:10m £ Z
/ ,'l . > / v
10 5 ‘2 ’ . ' 3 i / 7 =
y. by i
1 A’ !, /' ¥4
- - .quuency i 0.001 0.01 O.1F'-equenc:[MHZ:| 10 100
Z (comm) - =7 (diff)

Z (comm) — =7 (diff)
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SCHEMATIC DESIGN (A)

Uin 24U / 3,”SAmax
Uin 14U 5./ ZAmax

G dwz owz A 7
. 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 YY) Cout
1 Y 1 6,8uH IJ 1Y 1
+ = +
L L
= |2 m[,] 4 = [|] SIE;
«© ~ 10 10 N N
S S

Fsw = 400kHz
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i3 TEXAS
INSTRUMENTS csD18532Q5B
SLPS322B —NOVEMEBER 2012 —REVISED JULY 2014

MOSFETS FOR DES'GN (B) S CSD18532Q5B| 60-V N-Channel NexFET™ Power MOSFETs

+  Ultra-Low Qg and Qgq Product Summary

L ™ | Resiot Ta = 25°C TYPICAL VALUE UNIT
. . - ow erma esistance -
PY L L | N - K | F ET S O N 5 6 k “os Drain-to-Source Voltage &0 W
Oglc eve ana In X a.C a e =  Avalanche Rated Qg Gate Charge Total (10 V) a4 nC
- ogic Leve Qga Gate Charge Gate-to-Drain 6.9 nC
Logic L I N
- Pb Free Terminal Plating Rostrs | Drain-to-Source On Resistance  [2= =45V | 22| mo
° Rth m h b tt - RoHS Compliant os = : m
U C e e r . Halogen Fn:e Wasam | Threshold Voltage 1.8 v
- SOMN 5-mm = 86-mm Plastic Package Ordering Information(!)
Y p k ES L m | | - . Device Qty Media Package Ship
ac age S a‘ 2 Applications CSD18532Q58 2500 | 13-Inch Reel SON 5 = 6 mm Tape and
- DC-DC Conversion CSD185320Q658T 350 | 13-lnch Reel Plastic Package Reel
- Secondar‘y Side SynChronous Rectifier {1) For all available packages, see the orderable addendum at
° Son Sl | |a - Isolated Conwverter Primary Side Switch the end of the data sheet.
* Motor Control Absolute Maximum Ratings
3 Description Ta = 25°C VALUE UMIT
® Gate Chal’ge SN |a| | This 2.5 mc? 60 WV SON 5 mm = 6 mm NexFET™ Vos | Dramn-to-Source Vorade 0 hd
power MOSFET is designed to minimize losses in Vas zatfftofsouge _Vogage ok s ::ﬁg ™
: O — ower conversion applications. onfinueus Jrain burrent (Fackage imte
Estimated Power dissipation of each FET at full load, [Psvn]= 0,02 0,07 W P PP - Continuous Drain Gurrent (Silicon limited). P R
Estimated Junction temperature, [Tj]= 50,02 50,06 °C Top View Tc=25"C =
Conti D C t 23
MOSFETs Power Loss Break Down (W) : e — -
s s bho D
- - . Power Dissipation'" 3.2
B = = Power Dissipation, T = 25°C 156
0,017 o o Control FET Conduction == I . ;
’ i T, Operating Junction and -
0,018 > %ﬁs Loss N " s [723 5 h o T;g Storage Term:nar-:atnl.m:f Range —55 to 150 (o)
K 0,037 ©pcControl FET Switching Loss - — - E—- Eac ,qu@ggcReLEP%rg%yr.ns'_.‘n%e Eulzsseﬂ 2320 a
e - o = -L=0. . Rg =
. c a4 — s 0o
O Syn. FET Conduction Loss = - (1) Typical Rg s = 40 °CANV on a 1-inch? | 2-0z. Cu pad on a 0.06-
Femeon inch thick FR4 PCB.
ODiode Loss and Syn FET (2) Max Rgyc = 0.8 "CAW, Pulse duration =100 ps, duty cycle =1%
Switching Loss
0,665 0,074
Buck Leg (A,B) Boost Leg(C,D)
Estimated Efficiency
Overall estimated efficiency @ full load, [n]= 97,72 Yo
estimated.
0,267
ry 21% OMOSFETA Loss
ves 0.09 ‘ ; OMOSFET B & Diode Loss
)
7% - 3% OMOSFET C Loss
vm 0,037 OMOSFET D & Diode Loss
- 3%
Lt oRsense & Inductor DCR Loss
Qg 0,185
14%
Definition of FET Vm Overall Power Loss Breakdown({W, %)

on Vas Vs. Qa curve
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INDUCTOR SELECTION FOR DESIGN (B)
* Fsw 400kHz - 30% max. ripple current - Inductor ca. 6,8puH

e 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

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

= 21puF

— wrwraa— — O

WIURTH ELEKTRONIK Keramiklkondensatoren (MLCC's) RE[’EXPEH.T‘m

Filter: Bauform=1210 M | Typ=X7TR M | C=470pF M U_=500Vv M 1 Produkt =
G| wwern— Boow S[owom =[owe[ms = |miwb.Blc  =[vn  =|fw B|cones. Bloovoe Blor Bl Blime H|oew Bl 8] e 8] Wome
| woomon_[worrcs. [wn | & [xm__[mwiws | _sow| _oaon| cmow| sew| mes| son| | seen| sewn| sewn] oo o R

M |
1k0 1k T

0% 4

ELE
o o =
j =
- o

= E -20% §
= 10 % 10 4 2
=1 | i
E =
= =

= .
100 mo 100 mo =

10ma 10 ma 40 %

1mo r T T T T r A 1 ma r r r T T T | -50 %
<H O kH: H; H; 0 MH G 10 GHz H; Hz 100 kHz MHz 0 MH G = ¥ oW 20w 3o v
Frequenz Frequenz DC-Bias Spannung
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FILTER OPTIMIZATION FOR DIFF MODE FOR DESIGN (B)

* Filter for Conducted und Radiated Emission Test Spectrum

* 3filter stage’'s

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

Ferrit Spule Spule, Ferrit,

O NN C_ VTN ne N ) YN O
gt 3J
—* jan

pC

O Lap nF SAAS Fap oF E].kCI E].k(L_ Fap pF AAS Fap mF o

30MHz to 5MHz to 100kHz to 100kHz to 5MHz to 30MHz to
300MHz 30MHz 5MHz 5MHz 30MHz 300MHz
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DIFFERENTIAL MODE FILTER FOR DESIGN (B)

Losses at the Output Filter . /*Rdc

All components with they parasitics considered for the simulation

= 554°*30mQ = 907mW
 Losses at the Input Filter: I**Rdc = 7A°* 184mQ = 902mW/
R3 L1 L2 U1
V2 CH0 O » WE-UCF T T
1 1uH .| Cc1 WE-MPSB C3 C5 C7
WEXHMI  —— 74279224101 | - — R4
Rdc: 5,5mOhm T Rdc: 3,5mOhm 4 7|.IF m 22nF 4.7nF 10
100uF ’ ) il .
AC 1 - WCAP-ASLI
Output Filter < ~= <~ 744290121
Rdc: 10,5mOhm
.ac dec 50 10000 500000000
R5 L4 L3 u2
V1 KW - B 0o m m
1 1uH . €2 _wewmpss ca WE-UCF ce cs
WE XHMI i 74279224101 | L —L R6
Rdc: 5,5mOhm T Rdc: 3,56mOhm 4. 7TuE 29nE 4.7nF
N 100uF ,TH (] I 14 10
- WCAP-ASLI
Input Filter o = 744290560
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FILTER FOR DESIGN (B)

V{NDD5.NDDE) V{NO11.ND12)
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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 Layer 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

47 |

Power Choke

Cin WE-HCF 2815 Cout
Y Y Y
1Y 1 10pH IJ 1 Y 1
+ = +
S5 |2 00 H H 2 <&
oo - ~ (N |
N © | 00 00 N N
o ©

Fsw = 230kHz

EFFICIENT EMC & POWER CONVERTER DESIGN
PUBLIC | Lorandt Folkel | 01.01.2024




MOSFETS FOR DESIGN (C)

* Logic Level N-Kanal FET im SON 5x6 same like used in Design (B) INSTRUMENTS s ovEuner 2012 -0 W 2o

CSD18532Q5B| 60-V N-Channel NexFET™ Power MOSFETs

Estimated Power dissipation of each FET at full load, [Psvn]= 0,02 0,07 W 1

Features
H H B o +  Ultra-Low Qg and Q4 Product Summary
Estimated Junction temperature, [Tj]= 50,02 50,06 "C s ON€ o Ta-25C TYPICAL VALUE | unir
+ Low Thermal Resistance Voo Drain-to-Source Voltage 60 v
MOSFETs Power Loss Break Down (W) + Avalanche Rated Q, | Gate Charge Total (10 V) a nc
= Logic Level Qg Gate Charge Gate-to-Drain 6.9 nC
*  Pb Free Terminal Plating R Drain-to-Source On Resistance  [~25— 2= [22] ma
. : oSty Ves=10V | 25 | ma
RoHS Compliant
- Halogen Free Vasem | Threshold Voltage 138 v
2

Motor Control Absolute Maximum Ratings

0.0 ' O Control FET Conduction SON 5-mm = 6-mm Plastic Package ordering Informationt)
08%45 Loss g
2 0,021 A lications Device Qty Media Package Ship
0,017 o Control FET Switching Loss PP ! CSD18532Q58 [ 2500 | 13-Inch Reel | SON 5 x6mm | Tape and
DC-DC Conversion CSD18532Q66T | 250 | 13.Inch Reel | Plastic Package Reel
. Secondary Side Synchronous Rectifier (1) For all available packages, see the orderable addendum at
[m] Syl'l FET Conduction Loss Isolated Converter Primary Side Switch the end of the data sheet
0,073

ODiode Loss and Syn FET 3 Description o=zt VALUE | UNIT
. - ) Vos | Drain-to-Source Voltage 60 v
Switching Loss This 2.5 mQ, 60 V SON 5 mm = 6 mm NexFET™

0,381 MOSEET is designed t imize | b Vos | Gate-to-Source Voltage +20 v

y power is designed to minimize losses in o e G Pacan raeg o

power conversion applications. ontinuous Drain Current (Package limited)
, Continuous Drain Current (Silicen limited), 172 A
Top View ° Tc=25°C

p Continuous Drain Current!!! 23
Buck Leg [A,B] Boost Leg[c,D} Y B = ho Iosm | Pulsed Drain Current® 400 A
- o . Power Dissipation(" 3.2 w

Estimated Efficie ncy sqz] 1o ° Power Dissipation, Tg = 25°C 156
= k T T, Operating Junction and _55 to 150 o

. - _ L —- L_ T Storage Temperature Range
QOverall estimated efficiency @ full load, [n]= 98,51 % sz —pe T Avatanche Enargy, single pufss _— —
R o Lo »s | Ip=80A,L=01mH Rs=250
H I
estimated. ¢ = (1) Typical Rgs = 40 “C/W on a 1-inch? | 2-0z. Cu pad on a 0.06-

ooz inch thick FR4 PCB.
(2) Max Rgyc = 0.8 *C/W, Pulse duration 100 ps, duty cycle 1%

0,186

22°%, oMOSFET A Loss
e 426 OMOSFETB & Diode Loss
0,083 o,
10%, OMOSFETC Loss
vm OMOSFETD & Diode Loss
0,021
Q -
=

39, oORsense & Inductor DCR Loss
0,113

Definition of FET Vm W/Erall Power Loss Breakdown(W, %)
on Vas Vs. Qg curve
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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

—
> [,/ < 74436
‘4 i?){i’()(?a
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INPUT CAPACITOR SELECTION FOR DESIGN(C)

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

co> D X (1 —D) X1, tmax cos 0,78 x (1 —0,78) x5A
= AV pp X fow M= 20mVpp x 230kHz

= 186uF

» Selected: 7 x 4,7pF / 50V / X7R = 33pF — 20% DC-Bias = 26,3uF

» 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 Ferrit

O Y YA (G — De — |G| Y YA Q.

5 -

3 1 — 1 [ ] . —1 (an

E —_—— LCMC CMC™ —— =
]

pcC
O Lap nF AN Cap pF E].|<O E].|<O+ LCap uF AN Cap nF O
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SCHEMATIC FOR DESIGN (C)
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EMC MEASUREMENTS CONDUCTED & RADIATED
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MEASURED WITH ENV216 LISN & ESRP

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

100
dBpv
600kHz
|
‘\
Il ¥
| |
‘ x
\ J \ ’ﬂ( xc\si? Lo o
\ — l \ ; ¥
Cisitg 32/Cs]
£[[1H
ulll
| L ﬂ"
o w ‘ ‘“u
— % \ il L LAY | M»J“ l \ 1A
e N ~ ,\ \ Vl | \“ M‘ A\/Jwﬁ\. A 10 “HJ \L‘ I
o — | - \ V‘/\J/ww I | I | H ‘L | H,J‘u N ‘,yJw‘«‘\H i \ J‘W“J
. /I i WO 1 o O
— = 1\ T g w1l Yo I TV =
AN el AL AV | PR
— N~ / \ I I ~J y J s
I g NWW\W bl I | )L\ H/ A~
N " I
. “_\K\ o )i -
0 L
-10
150kHz 30MHz
Frequency Sub-range 4
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MEASURED WITH ENV216 LISN & ESRP

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

100
dBpv
600kHz
\ |_A_ - QPe:
\ J A
—
T x Aver:
4
I i ”L
| L U
u T AR
i"m “ W“mef‘\ww S | [t WWJL/M/J)/\VWJ /WJ fHLAJ“L ‘WHJ NV M‘Uv/\ MWJULJM \W
i M | | o I f “ I It I \J Py \/J / UL AN o
o — | I /Mfi—wm_/_/ \\‘WMMM/‘ W/ LM\,\‘J WJ W,AJ (- \W\/“‘WW’J B \ 1) N2
-10
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

50 |
dBpVv/m

il

w

wi‘

»\ |

H U I YR
| it
N
\ Lo

-10

\
30MHz 450MHz
Frequency
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MEASUREMENT IN EMC CHAMBER

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

50 |

dBpV/m

-10

f’ \W WA W‘v frk—Tl MK " s fritth Mp [
il i i | ‘ i
i %W“L”Umﬂ Sl ”'M”‘ "'yu m|| h M o “W i ! H” i
W U | * i 'HW MW ” I‘ 'W ‘ww’ihﬂ !\ Nx“'l'”lll“lﬂ'y'\'lwMIU'U”!”'H ‘l’IUIW i ‘lw" ’ Wil
il b T i

30MHz
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MEASURED WITH ENV216 LISN & ESRP

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

100 \
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1 ¥
| (
[ \ X

\ : \ M ‘\‘ CISPR 32/CISPR 32 B - QPeak

| 1

\“'r | 1 “ %
\ ' ‘ i‘ V~ l ‘ L CISFRCZI/CISPR B - Average/
I ;
J i |

W/ | | | | }1 HHW
B | i | | u MM

[ E— _— ‘\ |
\\W\J\\‘J\ o : b K~ | H ‘ )\ ‘ i 1\\ ‘[)MJWQN”J\”‘J‘"w‘\“‘v“‘\lHJ‘u‘ L‘UMW‘
— ~ : - z“ﬂ”'\* \ W\‘ | ‘\‘ W ‘ “ “M‘l‘l‘/\ly““““‘\w 4”\‘“ i L URF ,

TN i‘w : ﬂf‘u\/“‘ La ‘\u —— "’M/ I ‘ I ! M } km e I Ml/»w“ ‘ ‘l “ JHn
~ IV JUYT \‘ JI% WL Eia
(0] I e
-10

150kHz 30MHz
Frequency Sub-range 4

60 | EFFICIENT EMC & POWER CONVERTER DESIGN

PUBLIC | Lorandt Folkel | 01.01.2024




MEASURED WITH ENV216 LISN & ESRP

* (Conducted Emission 150kHz — 30MHz
* Design (B) with Filter / Buck Mode 100W
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MEASUREMENT IN EMC CHAMBER

* Radiated Emission 30MHz — 450MHz
» Design (B) without Filter / Buck Mode 100W
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MEASUREMENT IN EMC CHAMBER

Radiated Emission 30MHz — 450MHz

Design (B) with Filter / Buck Mode 100W
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MEASUREMENT AT THE SCHOTTKY

| Eps— T
Z5.072 bW ]
3 Diagraml: Chil a
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MEASURED WITH ENV216 LISN & ESRP

« (Conducted Emission 150kHz — 30MHz
 Design (C) without Filter / Buck Mode 100W
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MEASURED WITH ENV216 LISN & ESRP

Conducted Emission 150kHz — 30MHz
Design (C) with Filter / Buck Mode 100W
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MEASUREMENT IN EMC CHAMBER

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

* Radiated Emission 30MHz — 450MHz
 Design (C) with Filter / Buck Mode 100W
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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!
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MEASURED WITH H-FIEL PROBE AT THE BOOSTRAP DIODE 30MHZ-500MHZ

* 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 ANPQ25)

« Advantage: only the rise time afected = More efficient as using a resistor at Gate

VCC Vi VCC Vi
T.
e Ferrite ‘ ;
¢ BOOT BOOT
- -
— < — | =
D{ > —5 D > s
ReaTe .
. . L
- -
< <
J I J —
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ALTERNATIVE: FERRIT IN BOOSTRAP ADDED
(WURTH ELEKTRONIK APPNOTE ANPQ25)

« Measurement made by an LTC3703 Demo Board using different Boostrap resistors / Chip Bead Ferrite (CBF)
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ALTERNATIVE: FERRIT IN BOOSTRAP ADDED
(WURTH ELEKTRONIK APPNOTE ANPQ25)

« EMC measurement made by an LTC3703 Demo Board using differnt Boostrap resistors & Chip Bead Ferrite (CBF)
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SHIELD VS. UNSHIELD
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MAGNETIC FIELD LEAKAGE
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RADIATION BY INDUCTOR

Spektrum 1 - Inductor @ Z2MHz Clock {(1.000,000 kHz - 30,000,000 kHz)

REW : 100 kHz Cenker : 15,500,000 kHz Sampletirne ; S50 ms 2,015,093 kHz
Span 29,000,000 kHz Atkenuator @ -1 dBE 60,00 dEm

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

[= S R T R U S ]

WE — PD shielded
10pH, 2MHz Clock, 1A

19dBm difference

3.900,000 &, 300,000 Q.700,000 12,600,000 15.500,000 15,400,000 21.300,000 24,200,000 27,100,000
kH=z
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Magnetic leakage shielded vs. uns

' B NI 3 T LR T T el T 1 | L | T r Lo 3 T 7]

unshielded

76 g | |

0Hz 200000 kHz 400000 kHz 600.000 kHz 800.000 kH2z 1.000 MHz

Channel: 2
Cursor Infoemation : Cursor off
Hamnorsc Informabon
Tst: 286,750 kHz -26 856 &8
3id . 860000 kHz 51847 B

Window Type : Blackman Window Sze : 8192

2nd : 573.250 kHz 33947 dB
&h -
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MAGNETIC FIELDS — CONDUCTED EMISSION MEASUREMENT

Power supply V 1.0

, 100

K180

w
LEDL

Hz]

. 10
150k 300k 400k 600k 1M 2M 3M  4M 5M -"

GND

Buck Converter ST L4960/2.5A/fs 85-115KHz
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MAGNETIC FIELDS — CONDUCTED EMISSION MEASUREMENT

Power supply V 1.1

[dBuV]
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TECHNICAL SUPPORT NEEDED?
use: #askLorandt

Follow meon ...

Twitter.com/askLorandt

we-online.com/youtube

Lorandt Folkel
Design Engineer

linkedin.com/in/lorandtfoelkel &t Gioart

\We-online.com/askLorandt

or contact me directly:
asklLorandt@we-online.com
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http://www.twitter.com/askLorandt
https://www.youtube.com/watch?v=XNt0CicKgSU&list=PLZJdRX1BvL0xaO2MeViGfcVxIG2Dkl1a2
http://www.linkedin.com/in/lorandtfoelkel
http://www.we-online.com/askLorandt
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