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EFFICIENT EMC &
POWER CONVERTER DESIGN

Lorandt Folkel M.Eng,
FAE & BDM at Wurth Elektronik eiSos

PUBLIC WURTH ELEKTRONIK MORE THAN YOU EXPECT



LET'S START WITH QUESTIONS

= Do vyou think that ...

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

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

... an “oscilloscope can help you to carry out any EMC tests”???
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CE MARKING

= With the formation of the single European market, standardization
was required to remove technical barriers to trade.

= New Approach Directives were introduced to remove these barriers
to trade

= 20 regulations and directives:
* LVD - Low Voltage Directive 2014/35/EU
« EMC - Electromagnetic Compatibility 2014/30/EU
* R.E.D. - Radio Equipped Directive 2014/53/EU
« MD - Machinery Directive 2014/90/EU
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Buck-Boost

= Advantage vs. SEPIC or ZETA topology: no diode losses

a4

BUCK-LEG BOOST-LEG
¥ XFET Pover Chioke XFET /V
Ly 1 LY 1

(D)
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||
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X1

Ein
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XFET

Cout

Critical Loop EMI
High dl/dt
- Buck Mode

Critical Loop EMI
High dlI/dt
- Boost Mode

Load
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ZETA topology

Coupling Power
( ‘ ( | Cap Choke YA VAN
el ] VYN +
LYl ® |
+
C) — 77" ! 'Z§ p—
- Cin | | Power Schottky Cout Load
! | Choke
— e o - ]
Critical Loop -
EMI

High dl/dt du/dt
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SEPIC topology

Power
VAN Choke Coupling Cap Schottky | ‘ | |
® Y'Y Y H — +
@ o] )
S < Power )i ! Load
- Cin XFET] | | Choke ' 'Cout
I |
L __ ;
°
Critical Loop -
EMI

High di/dt dU/dt
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REPRESENTATIVE NOISE SOURCES

Conducted Emission

I | //// T~a {
1 | - N
// L

Radiated Emission

Conducted Emission

VOU'[

Input current caused by voltage ripple
Power traces and choke radiate EMI

Cout ///
AN N
> ,Conducted Emission”
- ,Radiated Emission”
- ,Conducted Emission”

Output current caused by voltage ripple

Radiated emission will increase by using long input / output lines(cables)
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CONDUCTED NOISE AT CONVERTER OUTPUT

|

T : “Esr | g ||R+§ESR:
¢ | | o
Dconverter I D Z§j7 I 3 I lc C | Cout V out
O
D E ) Ly e
L - _——— —
L] =y
Cap

= Conducted emission is generated by voltage drop at ESR.

Unoise = ESR e * [Cout
= Resonance circuitis formed by Cy.onverter: Coutr Lconverter  @Nd ESLegut
1
Jo_ 2m\/(ESL,, )*COut

= Different harmonics due to fundamental frequency from fyc,pc @Nd freconance Circuit
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RADIATION OF PCB TRACES

= Power and signal loops have antenna characteristics

= Radiation can occur over the entire power and signal loops

= Field strength depends on spanned loop, peak value of alternating current, frequency, distance between
noise source and noise receiver

= Design recommendations:
» Keep power and signal traces as short as possible
» Keep power and signal loops as small as possible
» Route the trace over GND plane

ocog| L L] L J. pcoc| LT L —
e - us ; = ! DC/DCx1
% A oV /
GND plane '
oV \
not recommended loop antenna better recommended
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EMI NOISE “FORMULA"

EMI Noise Field = Current x Loop Area x Frequency =I XA X F

More current => more field,
Larger loop area => larger antenna => larger field,

Higher Frequency => higher freq. noise

Speed in this case refers to the inverse of the rise and fall times of the switching waveforms.

Remark: Note that while we are calling this expression like a “Formula”, we acknowledge that it is not an exact one,

but rather a general description of the important factors that contribute to the noise.
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SHORTEST PATH THEORY

C1 & L1 Parasitic Load VValues

R1 Load resistance

Enclosed Are
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SELECTION
COMPONENT SELECTION CONSIDERATIONS

DC Bias Effect

« Parasitic effects (e.g. Leakage Inductance)

* Temperature

* Impedance vs Frequency

* Most important .........

« Availability/Stock !!!

13 | CUSTOMERS | LF | 10.02.2023



SELECTION
SELECTION TOOL - REDEXPERT

3

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

(e
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SELECTION

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

REDEXPERT
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SELECTION

*= FILTERING OF INPUT AND OUTPUT - EMI FILTER DESIGN

EXPERT® Filter Designer

PARAMETERS SELECTION AND SIMULATION SUMMARY

Circuit Schematic Specifications Edit Simulation Responses

L1 "My EMI Filter project”

Insertion Loss Input Impedance
- TYPE: LC
1 5.00d8
Vop: 120V 51.04d80
lop: 500 MA

LOAD / LISN IMPEDANCE: 1.00 0 4104da0
NOISE SOURCE IMPEDANCE: 1.00 0 -5.00d8
1.0d80
ILOSS -6.94 dB@150 kHz a0den
21.0dB0
. B -15.0de
Bill Of Materials DD
11.0dB0
# Na.. Order Code Value Properties Qty . 1.00 dBQ
-25.0dB
1 c1 885012209012 220pF  Assembling Technology = SMT 1 -5.00dB0
Capacitance -2.20 UF 1.00 kHz 10.0kHz 100 kHz 1.00 MHz 10.0 MHz
Rated Voltage = 16.0 V =s0de
Height = 2.00 mm
QOutput Impedance
2 L1 744310200 200pH  Inductance = 2.00 uH 1 .
-45.0dB 7.00 dBO
Rated Current = 6.50 A
Type = Single
-3.00dB0
-55.0dB
-13.0dB
-23.0dB0
-65.0dB
-33.0 dB0
730dB -43.0 4B
-53.0 4B
— 1.00 kHz 10.0kHz 100 kHz 1.00 MHz 10.0 MHz
85
1.00 kHz 10.0kHz 100 kHz 1.00 MHz 10,0 MHz
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INPUT CAPACITOR
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Class 2 MLCC's

EIA-RS-198 coding of class 2 ceramic capacitors
1st character 2nd character 3rd character
capacity change
noun lower S number upper — noun over temperature
temperature limit temperature limit range
X —55 °C 2 +45 °C A +1,0 %
[[ Y ] ~30 °C 4 +65 °C B +1,5 %
Z +10 °C 5 +85 °C C +2 2 %
6 +105 °C D +3,3 %
7 | +125 °C E +4.7 %
8 +150 °C F +7,5 %
9 +200 °C P +10 %
R +15 %
S +22 %
T +22/-33 %
U +22 / 56 %
v +22 / —-82 %
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MLCC: AC/CO VS. DC Bias Voltage

AC/CO vs. DC Voltage

—
32
(=}
o
(S
~N
(&)
(|

20
DC VOLTAGE [V]

——NPO X7R X5R Y5V

We
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MLCC: AC/CO VS. Time

AC/CO vs. Time

OPERATING TIME [H]

—NPO X7R X5R Y5V
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MLCC: AC/CO VS. Temperature

AC/CO vs. Temperature

f—
32
Rl
o
O
~
()
L=

20 35 50
TEMPERATURE [°C]

——NPO X7R X5R Y5V
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DC Bias VS. Package

VE—Q— M Start  Warth Elektronik Unternehmensgruppe  Andreas ~ Deutsch ~ .
" wilRTH ELEKTRONIK Multilayer Kondensatoren REDEXPERT®

EI_____I

885012207103 WCAP-CSGP 0805 XTR XTROB05105K.. 1,00 pF 50,0 v 100 MO 2,00 mm 1,25 mm 1,25 mm -55,0°C 125°C  SMT

~
885012208093 WCAP-CSGP 1206 my  XTR XTR1206105K... 1,00 pF 50,0 v 500 MO 3,20 mm 1,60 mm 1,60 mm -55,0°C 125°C  SMT

885012209047 WCAP-CSGP 1210 X7TR1210105K.. 1,00 pF 500V 500 MQ 3,20 mm 2,50 mm 1,25 mm -55,0°C 125°C  SMT

~
< >
885012207103 885012208093 885012209047 885012210031
WCAP-CSGP WCAP-CSGP WCAP-CSER
XTR - 1208 XTR - 1210 XTR - 1812
Impedanz | Frequenz O ESR I Frequenz O Kapazitdtsinderung / DC-Bias Spannung O
1000 10
1000
o
100
100 -10 4
=
10 = 2]
S 10 _ S
g S g
11 =
= o [ -]
o @ 1 £ _ap
E 1 =
E— 4
m
o -50 4
{11
0.1 =
0.1 4 =0
0.01 70
0.01 4
0.0001 0.001 0.01 0.1 1 10 100 1000 0.0001 0.001 0.01 0.1 1 10 100 1000 a 10 20 30 40 50 &0
Frequenz (MHz) Frequenz (MHz) DC-Bias Spannung (V)
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Class 2 MLCC's DC BIAS VS. PACKAGE (X7R)

Kapazitatsanderung / DC-Bias Spannung |

g 4 =
——— I
= '
] -0 4
=
=
5 20
= i
ica I
=0
™ 30 -
=l
[ 4]
]
o2 -40 - |
I
-50 T T T T T _II
ia 10 210 30 40 50 L]l
DC-Bias Spannung W)
885012207103 885012208093 885012200047 885012210031
WCoAP-CSGP - TR - 0805 WCoAP-CSGP - XTR - 1206 WCAP-CSGP - XTR - 1210 WCAP-CSGP - XTR - 1812

1,00 pF - 500w 1,00 pF - 500w 1,00 pF - 500w 1,00 pF - 50,0W
e & |
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Class 2 MLCC's DC BIAS VS. DIELEKTRIKUM (0603 & 0805 )

Kapazitdtsanderung / DC-Bias Spannung |
i
o 4 I
——— I
= I
en -10 - |
= I
= |
8 20 !
=
o
N
W 30 -
Tl
]
o
e -40 4
—E':l T T 1 1 1
0 Ea 10 15 20 25 30
DC-Bias Spannung (W)
88301 2206076 885012108022 883012207078 885012107015
WCAP-CSGP - XTR - 0803 WCAP-CSGP - X5R - 0803 WCAP-CSGP - XTR - 0305 WCAP-CSGP - X5R - 0305
1,00 pF - 250V 1,00 pF - 25,0V 1,00 pF - 250V 1.00 pF - 250V
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Class 2 MLCC's REST RIPPLE C_OUT
(PCB DESIGN NOT THE BEST)

HHINN ‘ b &
dil 2 g
gy

= | T8610
= \in: 12V
= \/out: 5V

.
LYo g
0158

n

-0

= |out: 1A A e Gl _Sle Bl vos BolNcasS oS
= Fsw: TMHz "
= (Cout=AluElko
= 16V 47pF
= ESR = 411mQ
= ESL = 19nH
= AV:400mV
=) Automatis[~ ] it | &) |l % || 2277 mv 5| B | Messungen =

25 | CUSTOMERS | LF | 10.02.2023



Class 2 MLCC's

= LT8610
= Vin: 12V
= Vout: 5V
= |out: 1A
= Fsw: 1MHz

= (Cout= Polymer 16V 47pF
. ESR = 20mQ

. ESL = 4nH

= AV:50mV inkl. HF Spikes

REST RIPPLE C_OUT
(PCB DESIGN NOT THE BEST)

-30mVv
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Class 2 MLCC's

LT8610
Vin: 12V
Vout: 5V
lout: 1A
Fsw: TMHz

Cout= MLCC 16V 47pF
X5R 1206

ESR = 4m()

ESL = 1nH

AV : 40mV inkl. HF Spikes

REST RIPPLE C_OUT
(PCB DESIGN NOT THE BEST)

Wz S— ——— —— — — el

Datei B As M W = ﬁ
A adu |y | P G ] =] |4l 32 von32 @ |Inm G & & ey pico
Ag | Auto (] Ac | ] ’/\“‘

-10mVv

Lttty

-20mvV

e
© Q| Trigger |Automatis[v| | A g% | 2277 mv ]| [52% (S | Messungen =
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SELECTED DC/DCIC FOR NEXT EXAMPLES

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

120W (24V 5A) Buck-Boost Voltage Regulator

Vin 0.00302
12V TO v
58V 1 azpr 2l a7
Vin INTVGG ; ; 1 —y— 100V ~>~80V
4.7uF = =
N - = =
[ 1> =
IVINN BST2 _i|—220pF
470nF I35V
IVINP . — 0.0090 VouT
BST1 0.1pF - 24V 100
[— I I 4.7uF 5A
499k TG1 —| 01pF |— 50V 95
EN/UVLO T
SWiI = 73 .2k
OVLO 10pH 90
BG1 —| |— —
56.2k 27.4k  INTVge = g
3.83k =
h e mm-;g %20% LTS780 S 3 E 4
= SHORT 0.0040 g -
—J—E C/10 SNSN L
CCM PGND 70
—1 IVINMON —
—t ISMON BG2 65
—1 CLKOUT SW2
—] PwnmouT TG2 60
VREF ISP
0.1pF — PWM ISN
= 100k CTRL S5 SYNC Vg RT SGND B TR
L L
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Efficiency vs Load Current

——— ]
e

A

— =12V
——\y =24V
===\ = 524V

2 3

4 5

LOAD CURRENT (A)

3730 TAb



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

29 | CUSTOMERS | LF | 10.02.2023




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)

Boost Mode:

* ACloss =0,1W

* DCloss =0,23W
* Pvall=0,33W

« AT=16K

* |peak = 7,2A

* Boost Mode =
 Selected inductor

smaler (because of
DutyCycle) quite
high peak current!

Aufwartswandler m Filter: O7A % 28Produkte S
e Emw__ v B | Do a
PARAMETER <» 744393609033 WE-XHMI 1090 Single 3,30 pH 3,40 mQ 150 A 290A 161 mw 142 mw 303 mwW 186K
14,0V 18,0V 600 kHz 30 % 0,10V
140170V 500 A Single < 74430369055 WE-XHMI Single 5,60 pH 6,40 m() 115A 230A 126 mW 267 mW 393 mw 212K
DETAILS
<» 74439360068 WE-XHMI 1090 my  Single 6,80 uH 7,60 mQ 105 A 215A 64,2 mW 37 mW 331 mw 209K
I[I"“S I’nax LOD[ l
26,46 A :T21A 2,73 H <» 74439360082 WE-XHMI 1090 my  Single 8,20 pH 10,1 mQ 980 A 220A 53,2 mW 421 mw 474 mW 221K
. <» 74439369100 WE-XHMI 1090 my  Single 10,0 pH 11,4 mQ 9.40 A 200 A 43,6 mW 476 mW 520 mW 232K v
tan DG Al lpzay
e e D < >
2 74439369047 ¥ Muster ordem
. WE-XHMI - 1080
o 470 pH - 5.40mQ = Mehr...
. ' —
av
D= 1p 2us 3ue
~ Ein- / Ausblenden
Induktivitit / DC-Strom (Umgebungsiemperatur) = D Erwirmung / DC-Strom (Umgebungstemperatur) = D
T= 20C v T= 20°C v
5 pH 120 K
~ 4,50 pH 100 K
AC Verluste DC Verlustes  Verluste AT ptal
103 mW 225 mW 328 mw 161K 4y 20k 4
m =]
Ps. Vi, Pys. Ty P vs. lpgs % 5
E 3250pH % B0 K
300 mwW E LIE.I
200 mwy 3 sk )
100 mwW
a mw -+ - -
14vin win 1EVIn 17V 50 pH A 0k A
2pH T T - T T T 0K T - T T
oA 54 104 154 204 2BA DA IEA oA 5A 104 154 20A 25 A
Current Current
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REDEXPERT: Inductor selection for Design(A)

Buck Mode:

Abwartswandler B 257 50HSL<650H X tPudis =
0se 1 e S ] ) Y = | e B
* ACI =0,19W
! Eingang  Ausgang Schaltfreque Rippelstrom  Diode <> 74439346047 WE-XHMI 6080 @y Single 4,70 uH 13,0 mQ TADA 147 A 251 mw 325 mwW 576 mwW 336K
40V 180V 600kHz  30% 0,10V
240240V 500A Single <> 74439346055 WE-XHMI 606D my  Single 5,60 pH 15,0 mQ 6,90 A 135 A 210 mwW 375 mW 535 mW 339K
* DCloss =0,14W
| | . < 74439358047 WE-XHMI 3080 Single 4,70 pH 8,65 mQ 8,50 A 205A 235 mW 216 mW 451 mw 254K
ms max Opl

| ) l — il e o . 14439369047 mm-m 470 1K m-mmmm.
- 'WE-XHMI - 74439369047
V <> 74439369056 WE-XHMI Single 5,60 uH 6,40 m(} 11.5A 230A 207 mw 160 mw 367 mw 201K

tan oG Al lpazk
1.25ps 750 m 1,60 A 580A < 74439370047 WE-XHMI 1510 my  Single 470 uH 3,50 mQ 170A 530A 110 mW 875 mw 198 mw 104K v
* AT=16K :
T IS >
AC Veruste  DC\erluste  Verluste AT
194 mW 135 mW 329 mw 16,2K
i |peak = 5 75A U I ¥ Muster ordem
! P ys. Vi Pys. Toy PVs. logt Ve a0

470 pH - 5,40mD
N

mw

mw /’/

— _‘_’__‘__,_—-—'-_‘-‘ Ein- / Ausblenden

103 MW Indukfivitat | DC-Strom (Umgebungstemperatur) = D Erwdrmung /| DC-Strom (Umgebungstemperatur) = D

¢ BUCk MOde 9 Tz 8 _ T= 20°¢ v T= 20 v

Selected
inductor bigger
for smaller peak
current!

32 | CUSTOMERS | LF | 10.02.2023




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) xX5A
m= AV pp X fow M= 100mVpp x 600kHz

= 14pF

_w o # Start Warth Elektronik Unternehmensgruppe  Andreas ~ Deutsch ~ -
- ——O-

Keramildondensatoren piLces) RED EXPERTW

" wvern o B Gawem =[owe[Tw = [awen @[c =lun  =|mw  Ocwee Blacvec lor  Blo oliwe @[owe @i Ol e Owows ¢
-m-mmm—mmm
-~

hmellanzl'Fequenz = O ESR | Frequenz = O Kaparzititsinderung / DC-Bias Spannung =
= wa mymaes 240V
0% 4
100 O 100 O
-10 %
D00 D00 =]
(=
=
= E zo% {
- = . 5
=1 w m
= H
- o
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
1 kHz 10 kHz 100 kHz 1 MHz 10 MHz 100 MH=z 1 GHz 10 GHz 1 kHz 10 kHz 100 kHz 1 MHz 10 MHz 100 MHz 1 GHz 10 GHz owv 1 40 S0V a0

v
Freguenz Freguenz DC-Bias Spannung
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REDEXPERT: DAMPING CAPACITOR SELECTION FOR DESIGN(A)

* Calculation for the Bulk Input Cap Al-Polymer (to get more damping)

Cdamp ~4 X CiTLMLCC = 4 X 16I.IF = 64“.1’7

» Selected : 68pF / 35V / AluPolymer / WCAP-PSLC

- . . . L Filter
» Standard Electrolitic are undesired this time! fYFYItY\
R _ Lritter
damp CinMLCC Source CFiIter,EIko Cdamp::
(+> 1
4,7uH T =
R = = 0,50 damp

C:input,MLLC

DC
DC
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OUTPUT CAP FOR DESIGN (A)

* Calculation for Cout considering max. ripple voltage:

* Maximaler Spulenstrom Al im Buck Mode = 1,6A

Al

Cour 2
8 * VOUT ripple * fSW

» Selected: 4 x 4,7pF / 50V / X7R = 18,8pyF — 15% DCbias = 16uF

 Plus: Al-Polymer for Transient Response
» Sepectd: WCAP-PSLC 220pF / 25V

1,64

C >
OUT = 8« 20mV * 600kHz

= 16,6 uF

AVUUT [ITIV_I

Total ripple

ESR contribution

Courcontribution
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LTSPICE SIMULATION

 Simulation for BuckBoost; all coponents including the parasitics

D Vol N PR

—_——el e a0 _ 1

W
ser=0_2 _—
2a 9

A9

R3 inP
562K
EEEEEE o
RS
anoK
OO
RE
27 aK
—| cLrouT
—{ vinmen
— 15mo
R12
SHORT
200K
R1Z
1o
B
com
cs
< |—| | et
B
CTRL
[| SR T
SGMND
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TG
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SMSP

SHMSHN

R14a
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tran 10
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FILTER LTSPICE SIMULATION

 Simulation vs. measurement

17 Uispice IV~ 13790 DC2132A_TAGIATR
Fle View PlotSetngs Smulation Tooks Window Help

B& &7 [QQGR[BILIERE s 2EH S8 3

=

£ LT3780_DC2132 TADIA | 157 LT2790_DC21324 TADTAR | ¥ LT3780 DC2132 TADIArew

t:LTNQG’DCZHZ;'A’TAUIAraW o || B &8

IIR1)

i{:LTRWG’D(ZHZA’TAGIA‘fﬁ o || B8R
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(AN B R R
Diagrami: Ch1 Q
o

- ! | | | i ! !

B I il i e i I -

(2.1 = x )

vl -291.07 m¥
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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

A e

=

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 (509Q)

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

[l . N —
e I
1\"} y
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PRECOMPLIANT WITH A DC LISN

= DCLISN Langer NNB21 can be used up to 1GHz

Stromversorgung Spektrumanalysator
fur NNB21

Spektrum-
analysator
Stromvarsorgung

\

Vérsorgungs-
leitungen

DUT
Anschluss

DUT

Versorgungs-

Masseschalter
anschluss

Masseplatle

Grundplatte GP23 mit Filterpaket Nétznachbildung NNB21 Priifling - Baugruppe
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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 Lfitter
YYY L, o o — YY)
Source S 8 8 8 Load
3 = = 3
S\ o+ CfiterElko $ joos § | c DC e L § oes g Ciiter,Elko | +
-) T e fit 27— “in out—— 2 fit g —_
s 3 DC R
SO [ 9 Qc
Ferrit Spule Spule, Ferrit,
O—am—— Y Y — — Y Y Y am—CO
= DC =
= — — al
5 T T 3
DC
O Flko Elko. O
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IMPEDANCE CURVES FOR T-FILTER DESIGN (A)

1 ko)
10000
100 0
— 1000
100 (=X
3 7
=
i ’
"
. 100pF Elcap E oo i
>
A
100 mo 10 -
= 4,7pH Choke
/
»
10 mx r r 1 /
1H= 10H=z 100H= 1 kH=z 10 kHz 100 kHz 1 MH=z 10 MH= 0.01 0.1 1 10 100
Frequenz
Typical Impedance Characteristics: DC bias current: Frequency [MHz]
1000 1000
——
. ==
\\\‘ J l'.;
|7 N AV =
s N ™ - o »
oo ™ 100 — “ J_ "/ n
= + = —— = ~ r-n & :
g + il R Pt a2 P ! =
H] 7 7 = 7 o1 - >
3 = 7 hoe
: / / . g N ‘
= / F E PR 4 :
o d 10 PidRa -';/
7 7
2.l
£ . _y'/
L~
1 s _
. o X, -
10 100 1000 1 10 100 1000
ququququququ [MHz] Frequency [MHz] " .
- - S Z@IA —mZ@2A ceZ@A e Z@in ——Z@asA High current ferrite

43 | CUSTOMERS | LF | 10.02.2023




SPICE 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

(=]
=]
=
=
S R5 L4 L3
2 v SR =
S 1 4.7uH Jez  weuess R6
.‘8_ Rdc: 13mOhm 1 UU[]FRGC: 3,5mOhm 10
3 AC 1 ) WCAP-ASLI
Q Input T- Filter
=]
8

R1 L5

V3 -
1 4. 7THH R2
VWE-XHMI | C3
Rdc: 13mOhm jpp—— 1 u
100uF
Ac 1 WCAP-ASLI
LC- Filter only <=
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SPICE 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

45 | CUSTOMERS | LF | 10.02.2023



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—W_I:I__NY'Y'\_ _r'WY'\__E'_NV\_O
= pc 5
2 oMe — — cHMC =
fo Ty DC ooo—O
Elko Elko,
F1 Typical Impedance Characteristics: F1 Typical Impedance Characteristics:
= Input: Output: iy
1000 WE-UCF WE-UCF 1000 .‘
It SEi r, 2x56uH 2x120uH =
g 4 g /
g 100 / =N Ir="7A & Ir = 515A § /, /
g Z Rdc:4,7m § @ Rdc:10m £ Z
/’ "’ & > " 4
10 = - 2> ’ ! ' : i / 7 =
7 '4 4
1 A/ . ! / Vs
V . i Frequency [MHz] i . JFrequenc;[MHz] 1 1
Z (comm) - =7 (diff)

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

Uin 24U / 3,”SAmax
Uin :L‘I-UJ_S/ ZAmax

o 1#7 owz A 2 -
T - A _%JE—-P'IDSB *HI 7,7 pH o £28 Lot
—_ HE-XHMI s@asa anping Faktor=8,7 @
-2 79224:1.3:1.3 ey = Hanping » %1—| I—qp—l I—Ul:% ﬁ
Ans5EL = a7 251 1us5E =
n *;EB_;JECSFH = £ £9 s ole? dlpi4giris pebe1z167a1 ca &
= EEEn 1EA@EL, 5@ = = = = - 2L o
+ UCAP-ASLI 15 rn = = T " II I% 2 N
SEEBEERSEI01S . - - - 1T/ maUr
S s 15153 B2 | f
2& W] GRD™*GND™ENDGND ™ = 3
HDE 1>£| I1—|'%END Ncﬁgfpﬁ?w&' L ucAp-cseR 2 SZ§ *Uo"'lt 18U / 5A
EHE  |1ossE0F = SrERssanEEng S = h &Iz A 1 — 2 %D - gxz
+ ’ ™ n
S5 24 2 3 m L A
=5 pi¥o = =] =l EEN AREES [~ 7 pH E-MPSE o =
= | IR (o GMO %l 2' I;‘, — o i3] cllS ol D4 cl D2 |03 LE—hr sesa fn?szzﬂm —_ It
N == LT2798HFE = o Tal — = = = o1 [pa4zoz4ca4r e
o i LBEN . SaUL e = — e e B oy e e I = 4+
L5 T — o — | L H £ T DTS — i
oy Il \- . o - = = R O . S S . £ £ Zw@1ZmH
<
. * LIM IMTLCC 1 - =z | & z2 | & 2 +
[t
< F e R BsTz |22 il o
Fa B
franssay 1@ T e 15 WE-XHMI 1@3@ GHNDO GHNO GHOD GHO GHO
£tmlbm 136/ LICHP-CSEP LICAP—PSLC GMD
» . 2 1 EncuuLo 1 Lt nz¥o o Wz, - S5561 2209645 EPEGFESE 100G UCAR-ASLIF
== |l H = - Ly [‘]r_z + +
L SH= 32 1 ouLo EREg - G } 2 | 5 | R
- Lo Rieh B H -
—— SHORT BG1 = 3 o T 3 o
1R Mo = HHO: =]
41 coam shsp |22 = - &
L) -
a2 .=
He e : ;
=2 1 umron sheEn =2 s o
[
z 15
s IR BEZ
GHD
= 1 cikout swz =L |
2 1 puMouT ez =2
- S 1 UREF e |22
2 1 pun =M =2
4 RE
CTRL —=
o) M [ el I sk
= Y cz2z
z N | B
. b . R
LT L ) 24 1 cvnc - F38p
i} = - = —
=1 o
QCifi RE o &‘
(et
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LAYOUT DESIGN (A) = NOT THE BEST CHOISE!

Pouwer Choke"

Mout 18U/5A
Min 12U-24U

[

A
NG S M=Z F1L

‘36 s
+ ] 2l a&a!ﬁﬁﬁﬂaﬁﬂhaﬁﬁﬁﬁﬂﬂ

A1 uepr—m% Mt
b4 B
R oeshal e BROO g
Su/s/50U :LEJBHXEEJU"_“ - ‘ |Sg/5au
- 41% = > | I

J—-Filter T—Filter"

4,7 uH"®

- a P
= = —fi S00 000
K- ¥ L13335333E+ 8 @
33 Bp_p_ S g ?
ol EHE NMGHXE%U1@M5@UL‘. Mben

e ks i
_B3ns2o0E _:,,, it | s Se 2o snat

" 2 1.t|_j04L_D_"/'25U"—

4008 BuckBoost '?-’:1“ B mae Layer PCB

Warth Elektronlk Demo PCB' 5 #5=F Foo GNE I_ager’ 283"

INGBLIH - F+
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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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MOSFETS FOR DESIGN (B)

Logic Level N-Kanal FET in SON 5x6 package

Rth much better
Package ESL small
Rdson small

Gate Charge small

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

Estimated Junction temperature, [Tj]=

MOSFETs Power Loss Break Down (W)

04%45

0,018

0,665

Buck Leg (A,B)

0,017 0

0,037

0,074

Boost Leg(C,D)

0,02
50,02

0,07 /W
50,06 °C

oControl FET Conduction
Loss
oControl FET Switching Loss

0O Syn. FET Conduction Loss

ODiede Loss and Syn FET
Switching Loss

Estimated Efficiency

Qverall estirr]a!ted efficiency @ full load, [n]=

estimated.
0,267
A 21%
vgs

0,09

7%

vm 0,037

- 3%

Qg o

Definition of FET Vm
on Vas Vs. Qa curve

&
"

0,185

Yo
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97,72 %

OoMOSFETA Loss

OMOSFET B & Diode Loss
OMOSFETC Loss

OMOSFET D & Diode Loss
oRsense & Inductor DCR Loss

o
Overall Power Loss Breakdown({W, %)

i3 TEXAS
INSTRUMENTS

cspD18532Q5B
SLPS3226 _NOVEMBER 2012 _REWVISED JULY 2014

CSD18532QSB| 60-V N-Channel NexFET™ Power MOSFETs

1 Features

- Ultra-Low Qg and Qggy

Low Thermal Resistance

Avalanche Rated

Logic Level

- Pb Free Terminal Plating

- RoHS Compliant

- Halogen Free

- SOMN 5-mm = 86-mm Plastic Package

2 Applications

- DC-DC Conversion

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

3 Description

This 2.5 m, 80 WV SON 5 mm = 6 mm NexFET™
power MOSFET is designed to minimize losses in
power conversion applications.

Top View
s 0 1t s o
| Lo
s =2 T o
Enl pal .
s :33 E__]D
- o -
(= 44— s Ao

Product Summary

Ta = 25°C TYPICAL VALUE UNIT
“os Drain-to-Source Voltage &0 W
Qg SGate Charge Total (10 W) 44 nc
Qga Gate Charge Gate-to-Drain 6.9 nC
] i Ves=45VvV | 33 moO
Roswn) Drain-to-Source On Resistance
Ves=10Vv | 25 mo
Vasen)y Threshold “Voltage 1.8 W
Ordering Information!"
Device Qry Media Package Ship
CsSD18532Q58 2500 | 13-Inch Reel SON 5 = 6 mm Tape and
CSD18532Q58T 250 | 13-Inch Reel Plastic Package Reel

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

Absolute Maximum Ratings

Tpa = 25°C VALUE UMNIT

“Wos Drain-to-Source “Voltage 80 W

Vas Gate-to-Source Voltage +20 W
Continuous Drain CGurrent (Package limited) 100
Continuous Drain Current (Silicon limited).

Io Te = 265°C 172 A
Continuous Drain Current!’? 23

| P Pulsed Drain Current®} 400 A

. Power Dissipation'"’ 3.2

= Power Dissipation, T = 25°C 156

T, Operating Junction and =

Tag Storage Temperature Range —55 to 150 <
Avalanche Energy, single pulse

Eas Ib=80A,L=01mH Rg=250 320 mJ

(1) Typical Rgys = 40 “CAV on a 1-inch? | 2.0z Cu pad on a 0.06-
inch thick FR4 PCB.

(2) Max Rgyc = 0.8 "CAW, Pulse duration =100 ps, duty cycle =1%




REDEXPERT: INDUCTOR SELECTION FOR DESIGN (B)

T —]

Filter: serie = WE-XHMI 3 | Typ=Single ¥ ]| 46 A W =T21A X 26 Produkte S

o (& rwae  Blowe =Tomom B[ome[mw 5l Blfp Bl 3| =|oven. B)oown ) com Bl a8
& WE-. el i v]
CARAMETER -+ 74439369100 WE-XHMI 1090 b=y  Single 10,0 pH 11,4 mQ 9,40 A 200 A 58,2 mW 476 mW 544 mW 240K
-~
BOOSt M Od e: Eingang  Ausgang  Schalfieque Rippelsiom  Diode > 74430370047 WEXHMI 1510 f& Single 470 pH 3,50 mn 17,0 A 53,0 A 89,4 mw 146 mw 235 mw 12,0K
14,0V 180V 400kHz  30% 0,10V
JECALS < 74439370082 WE-XHMI 1510 f@ Single 8,20 uH 8,50 m 130A 440A 4.7 mW 271 mwW 336 mw 150K
Ifl""S IT|3X LOpl
26,46 A 2T21A 4,00 pH < 74439370100 WE-XHMI 1510 f=y  Single 10,0 pH 6,50 mo 15 A 35,3 A 58,6 mw 271 mw 331 mw 182K
. < 74439370150 WE-XHMI 1510 b=  Single 15,0 uH 11,3 m 10,0 A 340A 39,3 mw 472 mwW 512 mW 208K I
ton DG 4l lpeak
566 ns 296 m 117 A T.04A <> 74439370220 WE-XHMI 1510 wy  Single 220 uH 13,3 M2 500 A 240A 27,1 mw 555 mW 582 mW 292K N
et <« | >
16
1z
v 74439370068 ¥ Muster ordem
« ACloss =0,09W
0 S S - I av 6,80 pH - 4,10 mQ = Mehr...
Dps 2ps Ly 0 |
~
e DCloss=0.17W e
I \//\\ Induktivitit / DC-Strom (Umgebungsiemperatur) = D Erwdrmung / DC-Strom (Umgebungstemperatur) = D
T= 20°C v T= 20°C v
* Pvall =0,26W é ~ "
~
. . 8,50 pH
AC Verluste DC Verluste Z Verluste ATt 100 K
e AT = 1 Ll-K 29,5 mW T1 MW 261 mW 141K .
o
Pvs Vi Ps iy, Pus. lg S0 K
— 5,50 pH
o | k=7,2A 5
p e a - I 300 MW --_-_'_‘—‘—-—-—-_.___________-_ s g
= E
200 mw b= 5 pH &5 60K
= =
100 mw E |_|C_|
4,50 pH
a mw 0K 4
133N 137N 1410 145N
4pH 4
20K 4
3,50 pH
3 pH v . . . . oK . . . .
oA oA 204 0A 40 A S0 A a0 A oA SA 10A 154 204 25 A
Current Current
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REDEXPERT: INDUCTOR SELECTION FOR DESIGN (B)

Abwartswandler m Filter: = WE-XHMI %

8 Produkte =]

Buck Mode: I ] e S S ) e | o Wi
R [T E—— —— —— 74439346082 WE-XHMI singls 8,20 pH 23,0m0 5,30 A 226 mW 575 mW 801 mW 478K

| A || 2 | A 74439358088  WEXHMI 3030 %  Single 6,30 uH 13,5 ma T20A 150 A 213 mw 238 mw 551 mW 23K "
DETAILS 74439369056  WEXHMI 1080 & Single 5,60 uH 6,40 m0 15A 230A 303 mw 160 mw 463 mw 243K
> ;'EE A 5 ;“;; n ?,;;p;m < 74439360068 WE-XHMI 1090 %  Single 630 uH 7,60 mo 105A 215A 191 mW 190 mw 381 mw 209K

. <> 74439369082 WE-XHMI 1090 G Single 8,20 pH 10,1 mQ 080 A 220A 158 mwW 253 mW 411 mw 197K
ton DG Ll lpeak

<+ 744308370082 WE-XHMI 1510 Single 820 pH 6,50 mO 130A 4404 143 mW 163 mwW 306 mw 139K
B A A= >
* ACloss=0,17W =
V4 av. - 74439370068 ¥ Muster ordem
ops 248 Sps WE-XHMI - 1510
~ 6,30 pH - 4,10 mD = Mehr...
* DCloss =0,1W —
Vi i /\ /\
* / \/ \ Ein- / Ausblenden Lvs. <
° P I | — O 7W e Induktivitat /| DC-Strom (Umgebungstemperatur) = D Erwarmung / DC-Strom (Umgebungstemperatur) = D
vall=0,
0 2ue pe T= 20°C v T= 20°C v
~ TpH 120 K
P AT —_— 1 4 7 K AC Verluste  DC Verluste I Verluste iy g
- V4 172 mW 103 mwW 275 mwW 147K 6,50 pH
100 K 4
Pvs. Vi Pvs. fgy Pvs. loy auH 4
* |lpeak =5,75A
p e a - ) mw 80K 1
m /’/— 5.50pH 4 =]
200 mw = :
100 mW E 5 pH £ @K
amw =] =z
) T‘;Iz.f win = &
4,50 pH
40K 4
4 pH 4
20K 4
3,50 pH
3pH T T T T T 0K T T T T
oA 10 A 04 0 A a0a 504 60 A oA 5A 104 15 A A 254
Current Current
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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 = 28,2uF — 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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DAMPING CAPACITOR SELECTION FOR DESIGN (B)

* Calculation for C Bulk Input Al-Polymer for more damping

Cdamp ~4 X CinMLCC = 4 X 23|,|.F = 92l,lF

» Selected: 68pF / 35V / Al-Polymer / WCAP-PSLC
» Standard Electrolytic undesired!

I—Filter
Y YY)

R . Lriiter

d =
amp CinMLCC Source| Ckiiter.Elko Cdamp —
<+> +1
! | i
Rdamp = 23uF = 0,2Q Rdamp

Cinput,MLLC

DC
DC
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OUTPUT CAPACITOR FOR DESIGN (B)

* Cout calculation for max allowed ripple voltage:
* Alin Buck Mode = 1,6A

Al 1,6A
“our 2 Voo ripple * fsw Cour = g 20mv « a00kHz ~ M
» Selected: 6 x4,7uF / 50V / X7R = 28,2uF — 15% DCbias = 24uF
 Additional: Al-Polymer for Transienten Response :
» Selected: WCAP-PSLC 220pF / 25V
Total ripple

ESR contribution

Courcontribution
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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
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Ferrit Spule
O NN C_ YY)
a —— cMC || ——
=
O Lap nF AAS Fap oF E].kCI
30MHz to 5MHz to 100kHz to
300MHz 30MHz 5MHz

pCc

pcC

Spule, Ferrit,
N (| YN O
3
— — | lcMe == %‘
o
E].k(L_ Fap pF AAS Fap mF o
100kHz to 5MHz to 30MHz to
5MHz 30MHz 300MHz




DIFFERENTIAL MODE FILTER FOR DESIGN (B)

All components with they parasitics considered for the simulation
 Losses at the Output Filter - /**Rdc = 5,54%* 30mQ

 Losses at the Input Filter:  /**Rdc

= 907mW/
= JA’*184mQ = 902mW

R3 L1 L2 U1
V2 CH ) O r WE-UCF T T
1 14H + €1 WE-MPSB C3 CS5 Cc7
WEXHMI  —— 74279224101  _| - — R4
Rdc: 5,5mOhm T Rdc: 3,56mOhm a4 7|.IF 29nE 4.7nF 10
AC 1 100pF = [ il o
Output Filter o A <+ <~ 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
WEXHM 74279224101 | —— — R6
Rdc: 5,5mOhm T Rdc: 3,56mOhm 4. 7TuE 29nE 4.7nF
100uF ,TH (] I 14 10
AC 1 Input Filter WCAP-ASLI

7 ~ - ~_~ 144290560
Rdc: 4, 7mOhm
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FILTER FOR DESIGN (B)

V{NDD5.NDDE) V{NO11.ND12)
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SCHEMATIC FOR DESIGN (B)

Vim 24U /4 2,75Amax
im 44l & PEmax

=
+ = re =
=2 g - — = O
ol ol e=———— ol = = L35
o o —_— f‘E NPs HE-SHNI D50 = =]
b Y., F2FEIZH1A1 o) B £ta9a1aia =
" o 2B
AnF £Z2n TE-UCF > FREBS £ aglpas AdkEn = BreLe
2l B5EmH 5 S -
FazaeEan WCAR—FSLI o 3_ o2 - =
BS508E51554 2 a e / +_’ +_’ 1,:; = - =)
o 5 Vi 3 = = 18y /s 5p
1 E == ) St
T DN G SO STSRR Y
& o BFOEFASE0EE2 P Jui} i T L L7 T
g =z = = - A
§ 1ce " B B oles oles oles Hebgp, S= *==
E LT3798HFE 5 ool £ coly £ T = == £
Lﬁg-t— +—it E — % 5' E Q - E - er a & TIE-LCF pin] 4
+, s L =S = 2 S S il . ZxBLz0H
= ooy
- UIH INTUCC - 21 & | 2 o 2 Fatzmz
— 4 e BSTZ o 28 o
#7850 \ — 18 ¥ qume psT1 |13 ot am1p EE
7442937002 = oy (]
‘S’f’]; ‘\‘[I]; 2 1 encuuln TE1 [ =
-
S S 22 1 ouLo Sl LS e
=1
S 1 shorT Bm1 L2 = =
4 4 2
=1 crim shep |22 #
—
ﬂ[.]m =[] =1 . =4
=% =2 =
= 1 unnon shsn |22 i
5
<1 1=HoM ez |12 | =5 E—
22 1 cigout sz =L |
3L 1 pumouT TEz =1
UREF =p 25
PLIM I=H |2E
27 Rg
CTRL FE =1
&2k
e
= Lig
55
+, SYNC +38p
= dsw =[4EEkH=z
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LAYOUT TOP SIDE FOR DESIGN (B)

Power Choke'

Elﬁ-.;fzsw
CRfeF
E BB SR ©

470n/50U" E—CBF
T @

Soe ae-.—|

Pi—Filter
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4
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LAYOUT LAYER 4 FOR DESIGN (B)
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LAYOUT WITH FILTER FOR DESIGN (B)
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LAYOUT GND LAYER'S 2,3,5 FOR DESIGN (B)

66 | CUSTOMERS | LF | 10.02.2023



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

—> biginductor value / big cap values / no Gate resistors

* Different filter's like in design B used

» Most expensive / biggest size on PCB

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

68 | CUSTOMERS | LF | 10.02.2023




MOSFETS FOR DESIGN (C)

. . . . A i3 Texas c©sSD18532Q58
* Logic Level N-Kanal FET im SON 5x6 same like used in Design (B) Rl

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

Product Summary

H H = o +  Ultra-L Q, d Q
Estimated Junction temperature, [Tj]= 50,02 50,06 "C rATOW Mg ANE ~gd Ta-25C TYPICAL VALUE | uniT
+ 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 Rosten | Drain-to-Source On Resistance |25 = 42 Y [32 ] ma
+ RoHS Compliant - Ves=10v [ 25 [ ma
- Halogen Free Vase | Threshold Voltage 18 v

CCENNY

+ Motor Control Absolute Maximum Ratings

0.0 ! o Control FET Conduction *  SON 5-mm = 6-mm Plastic Package ordering Information(
08%45 Loss g
2 0,021 A lications Device Qty Media Package Ship
0,017 oControl FET Switching Loss PP _ Cobips32055 | 2500 | Toimen Roet | som s < 6 mm | 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 Ta=25°C 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 MOSFET is desi d t Pl 1 . Vas | 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 (Silicon 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

i . _ o |- [ T., | Storage Temperature Range
QOverall estimated efficiency @ full load, [n]= 98,51 Yo sz —pe T Avatanche Enargy, single pufss _— .
.o | o L “S ||, =80A,L=01mH Rs=250 m
H h
estimated. B = (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°%, oOMOSFET A Loss
e 426 OMOSFETB & Diode Loss
0,083 o,
10%, OMOSFETC Loss

OMOSFETD & Diode Loss

. 0,021
o oRsense & Inductor oss
Q= - 39, R & Inductor DCR L
0,113
L1}
Definition of FET Vm %rall Power Loss Breakdown(W, %)

on Vas Vs. Qg curve
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REDEXPERT: INDUCTOR SELECTION FOR DESIGN (C)

Boost Mode: [ ruvansencer | [N -

Bauform=2815 % | Typ=Single % |1_ =848

g Produkte S
I ] e e ] ] S o= ] = = [
earaneter I 74436410220  WE-HCF 2815 b  Single 2,20 uH 133 m0 36,0 A 885 A 362 mw 55,5 mw 417 mw 164K o
Eingang Ausgang  Schaltfreque Rippelstrom Diode )
140V 18,0V 230 kHz 30 % 010V < 74435410330 WE-HCF 2815 gy Single 3,30 pH 1,33 m 36,0 A 60,5 A 138 mw 55,5 mW 194 mw 871K
14,0140V 5,00 A Single
— <» 74435410470 WE-HCF 2815 my  Single 470 uH 1,33 m2 36,0 A 4404 97,1 mwW 55,5 mW 153 mW 716K
lms s Lopt < 74436410680 WE-HCF 2815 Single 5,80 pH 1,33 mQ 36,0 A 30,0A 84,1 mW 55,5 mW 120 mW 5,86 K
26,46 A 2T21A 7,1 pH
LS mmmmmmmmmm
« AC loss = 0,04\ MEEmErr—
i <> 74435411500 WE-HCF 2815 Single 15,0 uH 1,33 m 36,0 A 143 A 29,1 mw 55,5 m\W 34,6 mw 440 K
985 ns 22? m 1,38A TA5A
<» 74435412200 WE-HCF 2815 my  Single 220 pH 1,33 mQ 36,0 A 9,50 A 40,1 mwW 55,5 mW 95,6 mwW 486K
* DCI = 0,06W
0SS =0, ]| >
74436411000 ¥ Muster ordemn
- Pvall=0,1W . .
o 2pe ape 6 ps Bus 100 pH - 1.33 mQ —
~ o ——
A
e AT =5K 7= /T Ein-1 Ausbienden
5a / \’/ \ Indukdivitit / DC-Strom (Umgebungsiemperatur) = O Erwa@rmung / DC-Strom (Umgebungstemperatur) =
A T= 20°C v v
o 2 4pe 6 5 — .
* I[peak = 7,15A .
AC Verluste DC Verluste Z Verluste g
43,6 mw 55,5 mW 99,1 mwW 501K 10 p—_—
Pvs. Vi, Ps. foy Pws. Iy,
120 mw 8 pH 1 50K 4
aomi e ——— £ opH E ek
" 3 z
v = =
133V 13740 1419 1450 = =
g1 40K 4
2pH 1 20K 1
aH oK
oA 104 20A DA WA 50 A g0A TOA oA 104 204 DA ELT s0A 80 A
Strnm Strnm
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REDEXPERT: INDUCTOR SELECTION FOR DESIGN (C)

Buck Mode:

* ACloss = 0,06W
* DCloss =0,03W
* Pvall =0,09W

« AT=4,8K

Ipeak = 5,98A

71

O warenaer x|

Filter:

Typ =Single 3 | Sere=WEHCF X | Bauform=2215 ¥

8 Produkte =

I i 2 ) =] =] = S ] | = e I

Eingang Ausgang Schaltfreque Rippelstrom Diode
240V 18,0V 230 kHz 30 % 0,10V
24,0-240V 5,00 A Single
DETAILS
Irms Imax Lopt
25,00 A 2575A 13,1 uH
T
tan bc Ll lpesk
3,27 ps 752 m 1,96 A 5,98 A
= 2pe 4pE 5 SpE
~

~
AC Verluste DG Verluste I Verluste LN E W
59,9 mw 33,3 mwW 93,2 mW 476 K
Pus VW, Pus Ty, Pus |

CUSTOMERS | LF | 10.02.2023

< 74436410330 WE-HCF 2815 g
< 74436410470 WE-HCF 2815 i)
<> 74436410620 WE-HCF 2815

Single 330 pH 1,33 mQ 36,0 A 605 A 387 mw 33,3 mW 420 mwW 16,5 K A
Single 470 pH 1,33 m 36,0 A 440 A 272 mW 33,3 mwW 305 mwW 127K
Single 6,80 pH 1,33 mQ 36,0 A 30,0A 83,1 mW 33,3 mwW 121 mW 5,90 K

<> 74436411500 WE-HCF 2815 Single 15,0 pH 1,32 m 36,0 A 143 A 40,0 mw 33,3 mw 733 mw 391K
<> 74436412200 WE-HCF 2815 rey  Single 22,0 pH 1,33 m 36,0 A 9,50 A 45 4 mW 33,3 mwW 787 mwW 414K
< 74436413300 WE-HCF 2815 gy Single 330 pH 1,33 mQ 36,0 A 6,00 A 30,3 mW 33,3 mW 63,6 mwW IATK i
q | >
74436411000 ¥ Muster ordem
WWE-HCF - 2815
10,0 pH - 1,33 mQ = Mehr...
1
Ein- / Aushlenden
Induktivitit / DC-5trom (Umgebungstemperatur) = D Erwdrmung [ DC-S5trom (Umgebungstemperatur) = D
v v
12 pH 120K
10 pH 1 100 K 1
5 pH o 0K
B g
2 =] E B0 K
£ o £
E z
= w
4pH 40K
2 pH 20K
oH T T T T T oK T T T T T
oA 104 04 0 A 40 A B0 A B0 A TOA oA 10 A 20 A 0 A 40 A B0 A B0 A
Strom Strom




INDUCTOR SELECTION FOR DESIGN (C)

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

* Selected with REDEXPERT

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

> Size 2815 (28x27x15mm)

» Nominal current: 36A

» Saturation current: 21,5A

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

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

cos D X (1 —D) X1, tmax . 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

» Plus: Parallel to the MLCCs 1x 220uF/35V Al-Polymer WCAP-PSLC

73 | CUSTOMERS | LF | 10.02.2023



OUTPUT CAPACITOR SELECTIONFOR DESIGN (C)

» (Calculation for Cyyr by the max allowed ripple voltage
 Al'in Buck Mode = 1,9A

Al 1,94
Cour 2 - Cour = 8 x 5mV * 230kHz
8 * VOUT ripple * fSW

= 206puF

» Selected: 7 x 4,7pF / 50V / X7R = 33pF — 15% DCbias = 28uF

* Plus: 2x Al-Polymer WCAP-PSLC 220uF/25V
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FILTER FOR DESIGN (C)

» Filter for Conducted und Radiated Emission Test Spectrum

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

» No use of the 1pH Inductor (filter) like in 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)

Ui 24U/ 3.75Amax z

]
Z
o
]
i
m]
]
=
m]
0
=
u]

im 14U 2 FPrimax
= = =
- te N\ Le ERV o — ol ol 2ol @t
o = Lt — . = = i = L
I R - A = [ b i g v
sl [t} E-T1F = o J o ] 3 =
o = . Py _ \tEFezEaies O s - -+ =
T3] . U7z
An? 22N TIE-IICF f Enaaé\gg I P P 3égmmma b e rn s
EA T 2 = = b= .
= Qr\-_‘_ rax - E = % -~ % 1 P =
= = S + M Soel = u
A4 . L3 L5 - I 1 dEH B
to4ff LE6 zoaraet TG GND ™ GHD SEHD i r i e = S=2
= it g™, £ HoAP-csOR ESZ ESZ IERERE te Dout 120 7 BA
EF % Lorsa e g SrECFELESARD faﬁalzzasa-‘a U ) “
GNOZ GO - = = : : = E
= =y p REES Togl Togl
LoD ] 3E - papd S ot oles e des siNe T.e—— .. LT O 1
S =g LTE7EEHRE al B ool cole 4 I |a el & ]
LAy At et sff Oorm =T E [ & s B B s E] TE-LICF 22n 4
ol 5T = Ll =5 =1 = 8 " P I 2 2:@L20H
= = mTuce 12 £ =) 2 J o F4azte e
cig FazFs=1ae i = =) T = T
H 11 1 1unn BsTz |22 Ly g
_47an s Oy 16 T — 15 HE-HCF GHNOD GHO MDD GMD
Bt 2815 1@uH HLHP-CSER %ggggggws*
Ij_u Iﬁ_u 2 1 EncuLD TEL it = A 2k [& EBESRLZ7RGR4E
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2= BHia ouLo guy | ig Auadl g ot ‘l
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S 1 sHomT EEd =) - - =
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21 com suse =2 # 1 =
22
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=1 nmon shgn =2 =
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CTRL 1
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LAYOUT TOP SIDE FOR DESIGN (C

L out

o

2@u/25U 280u /25U

WeE-MPsB | =

REE T
i 1

o

2_ﬁu7
Feedback

‘I-7u/35 L2
Filter GND
L4
°

Qrp 1r1

%xﬁj‘pzau/%u\

_HE MPSB

U7
g @ﬁpﬂ

rSSEL
AT4allE

fa=i=1h

l%:o 9

J_C Filter

[] =R & L [;l
gD#E—CBFDE
S L ; "
PI-Filter [242u/350"
-1
Filter GNDO
<

<
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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
dBRv |600kHz |
¥
[
|
l
\ X
J‘ |
\ H
1
T | \ ’ﬂ( "cwsng;/ .
—— \
—_— J | i
’ Cisitg 32/Cs]
AN
3
s ’
- LA
T % /] LMY )| uh l \ L
N ) i TR T P
- | \ %w il | I | H “‘ | H’H‘”‘\\‘M‘ \W | “J‘W“J
- T // \ 5 A' H “1 ‘ }H\\“\ ““JH‘L""; / _ W
R T T e L J/,\\Jy’“ N
S :\;W ‘ /,“ “\ \“\ H _,\J (V% [ S p
I S\ J\M\M*‘\w ol ‘\ | I\ H/ P
NN It
o : ‘*«-\\\ """""""""" / A\
0 s
-10
150kHz p——
Frequency Sub-range 4

79 | CUSTOMERS | LF | 10.02.2023



MEASURED WITH ENV216 LISN & ESRP

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

100
dBuv
600kHz
'J_|
—_— \
\ ‘ Aver:
*x . i}
b
| T
— I | ~ Ll el A TR
i o N ’H i M‘\WMW/{\W \WWWH M | ] A [N e
B S e S S N 0 ) N N o S ¢y LA
-10 R R -
150kHz -

Frequency Sub-range 4

80 | CUSTOMERS | LF | 10.02.2023



MEASUREMENT IN EMC CHAMBER

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

e S B
TR TWiin
| | | A AT
q M‘ i M l‘kwﬂ | I\W i
“ AV M ,,,,,,,,,,, | JJ“ | r JL wa WNWM, N A .ﬂ‘ \d‘ | AR
I | \ ' | LW | Ww LJL‘ N i M w“ﬁu H‘L' LA m\,.\“ w“l, Ul H\w.‘.‘ 'H ”“‘ 'fi '.H‘ ”‘\”'\‘H i‘,“ ‘,‘m“w
T R
'“WW\H | ‘uh I 1 ﬂh BV 1 A
: i ‘ I | it ‘

Frequency

81 | CUSTOMERS | LF | 10.02.2023



MEASUREMENT IN EMC CHAMBER

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

50 |
dBpV/m
]
MmN
M\ \‘ W mjnh W‘\‘ T m it ﬂp
A v . \ | 1
A m”@&bﬁw AL Ll !'l,‘ ,!liy,“” ‘ ' | . "“"W 0 AT
a1 il "W‘ R MR o
| ”“U““ HH \w.”‘h !IIH‘Mumummml H‘“ rnw MMW i ‘ww‘w it
0
-10

!
30MHz 450MHz

Freguenc
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MEASURED WITH ENV216 LISN & ESRP

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

100
dBuV 400kHz
| f
| (
[] \ T
\ : \\ “ l ‘\‘ CISPR 32/CISPR 32 B - QPeak
! H
. I X
\ \H ‘ % !~ l t % L CISPR :zl/CISPR 32 B - Average/
| I i I | ¥ I
‘ |
WW/ | | | | }1 HHW
. || ) ‘ |
T T \ ,‘ | | ‘ | il
\\w\J\\‘J\ — M ‘ m \ 1 H\‘ ‘J‘n“‘.w‘g‘\”'“‘”""J‘"\\“LM\LH‘M FUMJ“MM
. ) WW\M’M\,\} WH ‘ ‘\ Il ) | “ ” ‘ ‘ﬂ\\JJ,‘J“"\‘JW‘",Uc 1 TN | [
I | oy ) )
BN PR L \u w\ ‘J\\‘\ I \«\m hes cad “»\v“‘ \
. “ ‘\’ N T = ‘J‘ | CIWJIRIAY I
- SULDU |
0 e
-10
150kHz 30MHz

Frequency Sub-range 4
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MEASURED WITH ENV216 LISN & ESRP

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

100
dBpv
[s00kHz
— |
I
-\ Avera
I
H il
[ |
. N REVAVEY I I J Sy ’ rﬁ %H J\ | i WMJ
0 W . waywwiju J H’Jb J, J/ Y
- 150kHz 30MHz
Frequency Sub-range 4
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MEASUREMENT IN EMC CHAMBER

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

dBpV/m50 ‘ ‘
130/180/380MHz - Reason Schottky | ...
W m w M;“

i ’ Il A \ ‘ ‘! ‘ ' l T WN‘ o

m ‘l'M lﬂlmnlm H ‘ll”ﬁ WH I wu M Hh i” ~ I N“HH.W: m “ ; W\ {, “1 fh WMH M‘u W‘ *‘MH e

i i l “' M “ I’ ‘l Ml! W\H 1H ‘ \‘ | !l W ‘ it
‘ ”g (’P \‘ I \ M,. [Wr .wa MH ‘
i \ M H w‘ V”"H ”

Frequency
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MEASUREMENT IN EMC CHAMBER

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

50
dBpVv/m
AR ﬁ
AL Al . W i "WW ’W Wt o
‘\“‘\”” 1, H"'WWUWM ik m M ‘ ) ‘ﬂ , |
il ’Mﬂ”l‘ L YR T il W “\IH .“ l /
I UTHTIN Il | (N ”‘N"MWV"‘MM i
Wil | “ :A ” ‘ i ‘ ‘l m” H MM T
TR L T T M "'»w\\\ A N
M‘ ‘ I A ML U[Mm “~v«L "'M\’~W,ﬂf"”'-w,"‘A‘V‘wﬂ’\"“ Ul
M ”’WWMM
0
-10 \
30MHz 450MHz

Frequency
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MEASUREMENT AT THE SCHOTTKY

| Eps— T
Z5.072 bW ]
3 Diagraml: Chil a

200078
— AS.0Te

 007FS W

Measured with R&S RTO at the Schottky (Buck Leg)

h 4
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F— -a.0zz W
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e
19022 v
24022 W
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1.58|34 H= 3.15?8 [TE 4.75?2 H= 6.33|3Ei [TE Fa17 |.IE_-E
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Py Edg=s 4 Chi
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e
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. Chiwfmil —

5 v

O diwe TE mv

A By . 500 MH=z
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=
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FFTrmag{Zhil
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MEASURED WITH ENV216 LISN & ESRP

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

100
dBpv
X
X I
f\ [
[ Il
a A 1
|1 [ 1 *
| i
| o J I X
\ '. ’ H { “ Avora
|
||
A | | |
‘ [ [l
o~ w e T W |
- J \ o - \\\ A L I ‘\ - } } JH
: | b ] LTI M L
A W W
VY o Wl ““\‘ I I }\ ” JL "‘W“\ ‘ il \H!\; HUH
—JL TN OOV T UL
’ S ~ .|, |\ P T MM ULV I
-10
150kHz 30MHz
Frequency Sub-range 4
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MEASURED WITH ENV216 LISN & ESRP

* (Conducted Emission 150kHz — 30MHz

 Design (C) with Filter / Buck Mode 100W

™| [230kHzZ
¢
I
— I
— e
I o
] | lh
S e Hl‘” 'l‘“l”l"l'”“”
A J I S [ | ||u wii“i'if”“

150kHz
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MEASUREMENT IN EMC CHAMBER

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

50 \
dBpVv/m
180MHz - reason Schottky
CISPR 32/CISPR32 - FAR B - QPeak/3.0m,
‘_||_|._, —‘ \—v
ey
,‘M \
A\ o |, :
o o JM’W \ /‘w/\ r//fﬂ;% / Ny WWWM M \\
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WWN" WWA'VVM\«IJAV“\” ’/\ SRS y\w ¢ [ i el // 4
iy ) o v e \ ) | / \
Il ?\\V\%\w 7, ‘ o W’/ : \W W a - ‘ / \\,\/N
AMW““"\W\W AN e\f“/\ A / o \ A\ A =
‘ T VM‘ T TG, \ww/ WA ) \ < % —
0
-10

I
30MHz 450MHz
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MEASUREMENT IN EMC CHAMBER

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

50 |
dBpv/m

CISPR 32/CISPR32 - FAR B - QPeak/3.0m
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MASUREMENTS USING NNB21 LISN & RTO
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MEASURED WITH NNB21 LISN & RTO

* Input impedance at the RTO scope using 5012
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COMPARE THE MEASUREMENTS USING NNB21 LISN & RTO

* (Conducted Emission 150kHz-30MHz BW: 9kHz
« Design (A) without Filter / Buck Mode 100W
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COMPARE THE MEASUREMENTS USING NNB21 LISN & RTO

* (Conducted Emission 150kHz-30MHz BW: 9kHz
» Design (A) with Filter / Buck Mode 100W
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COMPARE THE MEASUREMENTS USING NNB21 LISN & RTO

* Radiated Emission 30MHz-400MHz BW: 120kHz
 Design (A) without Filter / Buck Mode 100W
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COMPARE THE MEASUREMENTS USING NNB21 LISN & RTO

Radiated Emission 30MHz-400MHz BW: 120kHz
Design (B) without Filter / Buck Mode 100W
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COMPARE THE MEASUREMENTS USING NNB21 LISN & RTO

* Radiated Emission 30MHz-400MHz BW: 120kHz
 Design (B) with Filter / Buck Mode 100W
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MEASUREMENTS WITH RTO AND PROBES FROM SCOPE
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RTO USING FFT
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RTO USING FFT (VALID ONLY FOR DIFF MODE NOISE)

* Measurement only using the probe from scope and active FFT

* Design (A) without Filter Conducted Emission
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RTO USING FFT (VALID ONLY FOR DIFF MODE NOISE)

* Measurement only using the probe from scope and active FFT

» Design (A) with Filter Conducted Emission
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MEASURING DIRECT AT THE COMPONENTS
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GATE SOURCE VOLTAGE FROM HIGH SIDE FET

« Vgs Design (A) « \gs Design (B)

» The layout improve of lot 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)

« Measurement made with 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 with LTC3703 Demo Board using differnt Boostrap resistors / Ferrite (CBF)
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THERMO CAMERA DESIGN (A) TOP SIDE

Buck Mode at 100W

 Inductor: 70°C
- IC: 104°C
* Filter choke: 84°C
 FET Lowside: 91°C
* FET Highside: 92°C
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THERMO CAMERA DESIGN (B) TOP SIDE

Buck Mode at 100W

Inductor:; 49°(C
IC: 56°C
Filter choke: 53°C
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THERMO CAMERA DESIGN (B) BOT SIDE

Buck Mode at 100W

FET Lowside: 53°C
FET Highside: 63°C
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THERMO CAMERA DESIGN (C) TOP SIDE

Buck Mode at 100W

Inductor: 40°C
IC; 45°(C
MPSB Ferrite: 45°C
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THERMO camera DESIGN (C) BOT SIDE

* Buck Mode at 100W

 FET Lowside: 44°C
* FET Highside: 50°C
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EFFICIENCY MEASUMENTS AT 100W LOAD

» Design (A)
Buck Mode =2 91,7 %
e Boost Mode - 89,7 %

> Design (B)
e Buck Mode = 96,5%
e Boost Mode - 95,6 %

» Design (C)
Buck Mode - 97,5%
e Boost Mode - 96,5%
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FINAL DECISION

 Design (C) using Fsw 350kHz, using filtern from Design (B), Layout from Filter design (A)
 Relative compact / High efficiency / EMC Class B conformity (Conducted & Radiated)
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PCB - LAYOUT RECOMMENDATIONS
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117

PCB-LAYOUT RECOMMENDATIONS

_ T-filter
— ifuplmg path

) —n

)

/

—

not recommended recommended

= Keep PCB traces as short as possible

= Avoid indirect trace routing

= Avoid any kind couplings = “capacitive’, “inductive”

= AC-current should flow across capacitor

= Short way for AC-current direct to GND (place double via's to GND)
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TRILOGY OF MAGNETICS

\ ”
- wrel
i v ML
i -
3

* 1. LTspice Book
How to use and build spice models
* 2. Trilogy of Magnetics
Design Guide for EMI Filter Design, SMPS & RF Circuits
* 3. Trilogy of Connectors

Basic Principles and Connector Design Explanations
* 4. ABC of Power Modules
Functionality, Structure and Handling of a Power Module
* 5. ABC of Capacitors
Basic principles, characteristics and capacitor types
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LABORATORY RACK
aRack & QRack

= The new rack series are modular, flexible and can be equipped individually.
= |nformation brochure available
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L
Fuw

- ]

oRack variants (O Rack variants
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https://www.we-online.com/catalog/media/o149824v410%20Broschuere_AlphaOmega-Rack_A5_screen.pdf

TECHNICAL SUPPORT NEEDED?

Follow meon ...

%

Twitter.com/askLorandt

=3
=

Tube

we-online.com/youtube

Lorandt Folkel

linkedin.com/in/lorandtfoelkel Design Engineer
at heart

\We-online.com/askLorandt

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

120 | CUSTOMERS | LF | 10.02.2023



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

