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Technical specification

= DC/DC Flyback-Converter CCM (Forced Continuous Conduction Mode)
« U =24V (19-30V)

= U, =5V

. /out,max = SA (25W)

= f, = 300kHz pu e
= Efficiency ~ 90% é@é

= |C: ADP1071-2 (Analog Devices)
= with synchronous rectifier

= Transformer; 749119550

W. IRTH 9 ups-je-pus o o
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Introduction - Flyback Converter

Parasitic Model
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Introduction - Flyback Converter

Hot Node and Critical Loops
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Introduction - Capacitive Coupling in a Flyback Converter
High du/dt Nodes

Source

] Load

High du/dt common mode currents through parasitic capacitances
(electric dipole and monopole antennas)
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Introduction - Inductive Coupling in a Flyback Converter

High di/dt Loops
LISN
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Inductive coupling caused by high di/dt differential mode currents
(magnetic loop antennas)
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Schematic

Jumper location
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Board overview

Jumper location
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Test#1: Schematic
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Test#1: Board configuration
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Test#1: Waveforms - Switch node voltage
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Test#1: Waveforms - Input capacitor current
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Test#1: Waveforms - Input capacitor voltage ripple
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Test#1: Background

= The stray inductance of the transformer and the output capacitance Cycc of the MOSFET (Infineon -
IPP320N20) create a resonance circuit:
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Test#1: Background
Theory

* The stray inductance of the transformer and the output capacitance of the MOSFET create a resonance
circuit (Thomson's equation of oscillation):

Lparasitic ~ LS,Tr = 0,4uH

Cparasitic ~ COSS

1
21+ \/Lstr * Coss

- fring ~

= The output capacitance of the MOSFET in this case is highly voltage dependent (not constant):

1 1
2 — 7
(27 fring)” * Lsr (2n10Mhz)? - 0,4uH

- COSS =~ =~ 633pF
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Test#2: Schematic
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Test#2: Board configuration
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Test#2: FFT of input capacitor current
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Test#2: Background - EMI
REDEXPERT: Impedance

= Noise is generated by the voltage drop across the impedance of the input capacitor
caused by the capacitor current

» Impedance of the input capacitor:

Impedance / Frequency

1kQ k = 1:
870135675003 N )
10001 WCAP-PTHT |U¢ in(300kHZ)| = |Z¢ 1n(300kHZ)| - | I i (300kHz)|
100pF 35V Z@I00KHz =9,42mQ - 0,944 ~ 8,85mV

10 Q1

e | mam]
Z@300kHz

8,85mVl/
1uVv

8,85mV £ 20 - log(
k = 3:

> ~ 79dBuV

101

Impedance

100 m&Y

|Uc in(900kHZ)| = |Z¢,in(900kHZ)| - |I; i (900kHZ)|

- / =33,8mQ - 0,264 ~ 8,79mV
® R 8,79mV _
REDEXPERT a;79mv 2 20-log VL ) = 79484

100 Hz 1 kHz 10 kHz 100 kHz 1 MHz 10 MHz 100 MHz
Frequency
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Test#2-3: Background - EMI

Theory: Conducted emissions measurement - Symmetrical LISN
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Test#3-7: Conducted emissions - Precompliance

Test setup
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Test#3: Schematic
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Test#3: Board configuration

Jumper -Depot

> VIN
. 18U-30V
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Test#3: Quiz

Question

= How much is the AV limit according to IEC55032 (CISPR32) Class B
(conducted) exceeded?

= A: <40dB
= B: 40-60dB
= C: >60dB

37 | FLYBACK EMI

PUBLIC | TECHNICAL ACADEMY | 2024-02-16



Test#3: Total conducted emissions - Line
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Test#3: Quiz

Answer

= How much is the AV limit according to IEC55032 (CISPR32) Class B
(conducted) exceeded?

= A: <40dB
= B: 40-60dB
= C: >60dB
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Test#3: Background - Noise categories

Theory: Noise categories

— DC . DC
Vsupp - > DC Vsupp > DC

Differential Mode Common Mode
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Test#3: Background - Noise categories

Theory: Noise categories

= Differential mode currents
= Current path as in circuit diagram
= Easy to follow paths
= Return current path very close
= Relatively large currents
= Filters with LC, i, T topologies

» Conducted EMI problem
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Common mode currents

Current path unexpected
Current via parasitic paths
Return current path very large
Relatively small currents (pA)
Filtering with CMC and Y-Caps

Radiated & conducted EMI problem



Test#3: Background - Noise categories
Theory: DM and CM noise path in a flyback converter

il =
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-----J
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/%7 PE-Frame |

—— (M Current
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_ ULrr — UnRrF
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_ UpLrr + UnRF
Uem = >

L2 | FLYBACK EMI

PUBLIC | TECHNICAL ACADEMY | 2024-02-16




Test#3: Conducted emissions - Common mode
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Test#3: Conducted emissions - Differential mode
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Test#4: Schematic

5
——{>VOoUT
MPL
1
VIN 19-30V PES—{ 5 VOUT 5V/5A
S < TRI X2 .
DI 36900000 _ Q© Testpointred  VIN J49119550 \'(RJT X4 =
[ N7 3 A 3 =
MBRS3G0BT r-l 6 XXl D2 ! xX3 2 -g 2
0 2x2 Rl q 70VDC Unidir SMA 2%2 T
15 47R 824500701 N H 2
¢ N 561020132004 o oo ol s o o o e 1 4 pE 2
+] 5 i +] c +] ‘ | NAAAS
§§D6 ~ C4 —_ ]?Jk Cll __@o6 —___100uF/6V3 ___ 100uF/6V3 100uF/6V3  _ 100uF/6V3 "Em
R, L00pE/S0V ) . L00pF/S0V 875015119003 875015119003 875015119003 875015119003 AR anrryee Uimicdie M-
3 - - 2 3 - - B 5V J
JOVDC Bidir SMC 885012007057 L0nF200V k3 883012007057 H-Chip(7.3x4.3) | 1-Chip(7.3x4.3) | H-Chin(7.3x4.3) | H-Chin(7.3x4.3) | o ot Umidir SMC
824551301 ca 885342207005 47R 0805 824550500 [ |
TS0V - C0805 : 2mH/10A NC
JREN : 14 o 7448031002
885012200048 2 Testpoint black S l _—
C1210 X3 X3 : D4 ) :
| 17 2 1 2 i< D3 l 2x2
o Testpoint black UsiD TTALE | GND?2 ©) h
MP2 19 GND Py ) X6 12
PE o VBIAS  GND | L 11 Testpoint black
| - |_ Testpoint yellow _| |
e i
36900000 RIG x | R s F 3 R17
Cl1s | IPP320N20N3 G | R332 I ]
4nTF250V
§853522140011 o ] [PPO4INOSL G "
2270 Testpoint black C16
X22 TR2 | 4nTE/ 100V
749252100 | 85012307120 PE
PE GND = C0805
: |
| N ] GRD2
1 €29 |
- GND<]——||
Testpomt yellow J sss3s2zia00m Tl 10
C2220
| >
——GND2
B | I
oy “\:|_* I .
100pF/SOV - 6
883012007057 oR033 H
CO803 RIS I
W AGND GND | |
11 2 I
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Test#4: Board configuration

Jumper -Depot

> VIN
2 18U-30V

WURTH

ELEKTRONIK

MORE THAN
YOU EXPECT
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Neue mntch in aperatmn'
™ |;|| T..-all &

P*:—c,ap ® foos 10kHz | = TkHz

SHITCHING
FREGUENCY
300k Hz

TECHNICAL

DEMONSTRATION BOARD

FLYBACK EMI

600 005

V2022.1




Test#4: Quiz

= \Which type of noise (CM/DM) is influenced by the EMC
improvement according to test#4 (activating RCD snubber)?

= A: Differential mode noise

= B: Common mode noise
= C: both
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Test#4: Total conducted emissions - Line

110
100
90
80
70
60

50
40
30
20

Level (dBpV)

10
0

-10
100 kHz

Vv —
supp — »>) DC

Combined
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up to 8dB reduction around 10MHz

1 MHz

Frequency

10 MHz

Name Description

Test#3

Reference (no improvement)

Test#4

Test#3 + RCD-snubber

30 MHz

—Test3
—Test4
—— Test5

Testé
——Test7
——55032QP Class B
——55032AV Class B



Test#4: Conducted emissions - Common mode

110 up to 8dB CM noise reduction around 1T0MHz
100
90
80
s /0 ’1 —Test3 (M
S 60 [ — Tests CM
E 50 N I — Test5 CM
= 40 Al Test6 CM
30 ——Test7 CM
20 ——55032QP Class B
10 ——55032AV Class B
0
-10
100 kHz 1 MHz 10 MHz 30 MHz
Frequency
— T
Vsupp ) DC Test#3 Reference (no improvement)
Tesths Test#3 + RCD-snubber

L L

Common Mode
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Test#4: Conducted emissions - Insertion loss CM

80

70

60

50

40

30

Insertion Loss CM (dB)

20

up to 8dB CM noise reduction around T0MHz

10

0

-10

100 kHz 1 MHz 10 MHz 30 MHz
Frequency

supp DC + RCD-snubber

L L

Common Mode
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Test#4: Conducted emissions - Differential mode

110
100 ) ]
o up to 5dB DM noise reduction around 10MHz
80
S 70 | ——Test3 DM
; W RAR ] Ranih u
2 1 , 'WT””””W E i ——Tests DM
%>: >0 T q" I\ 1o l, LA ‘.‘l‘lll - " ——Test5 DM
3 40 MWR M Test6 DM
30 W ——Test7 DM
20 —55032QP Class B
10 ——55032AV Class B
0
-10
100 kHz 1 MHz 10 MHz 30 MHz

Frequency

—— |
v supp DC Test#3 Reference (no improvement)

Test#s4 Test#3 + RCD-snubber

Differential Mode
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Test#4: Conducted emissions - Insertion loss DM

80

70

60

50

40

30

Insertion Loss DM (dB)

20 up to 5dB DM noise reduction around 10MHz

10

0

-10
100 kHz 1 MHz 10 MHz 30 MHz
Frequency

3 DC Description
Vsupp ) DC + RCD-snubber

Differential Mode
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Test#4: Quiz

Answer

= \Which type of noise (CM/DM) is influenced by the EMC
improvement according to test#4 (activating RCD snubber)?

= A: Differential mode noise
= B: Common mode noise
= C: both
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Test#4: Background - Switch node voltage

Common mode

140

switch node ringing f=10MHz

120
100

80

Usw
—— USW RCD-Snubber

60

Voltage (V)

40

20

-20
0.0 0,5 1,0 1,5 2,0 2,5 3,0

-3,0 -2,5 -2,0 -1,5 -1,0 -0,5
Time (ps)

= The voltage change at the switch node is the cause of the CM noise

= The 10MHz switch node ringing is damped by the snubber
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Test#4: Background - Input capacitor current

Differential mode

2,0

current ringing f=10MHz

1,5
1,0

0,5

Current ()

ICIN
0,0 C

——ICIN RCD-Snubber
-0,5

-1,0

-1,5
-3,0 -2,5 -2,0 -1,5 -1,0 -0,5 0,0 0,5 1,0 1,5 2,0 2,5 3,0
Time (ps)

= The input capacitor current waveform causes a voltage drop across the impedance of the input capacitor
» The 10MHz current ringing is damped by the snubber

56 | FLYBACK EMI

PUBLIC | TECHNICAL ACADEMY | 2024-02-16




Test#4: Background - Input capacitor voltage ripple

Differential mode

100

80

60

40

20

0

Voltage (mV)

-20

-40

-60

-80

-100

-3,0 -2,5 -2,0

e

-0,5

input capacitor v

h 1,5
Time (ps)

bltage ringing f~10MHz

M UCIN

—— UCIN RCD-Snubber

2,0 2,5 3,0

—> So the input capacitor voltage ripple ringing generated by the current waveform is damped too
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Test#5: Schematic

1

>VOUT

InTF 250V
§853 8853522140011
L TE s
Eﬂ . [:] 22
VIN 1 9'3 OV PE 13 VOUT 5 V/SA Lestpoint red
Clip X1 TR1 X2 !
bi 36900000 _ © Testpointred  VIN VOuT X4 =
p EA L 3 a 5A s
AT 5 3 2 o
- N 16 XX1 D2 XX3 2 o
MBRS360BT 'l 2x2 Rl 7 7OVDC Usidir SMA 22 1 -g g
15 47R 824500701 pel =
S6102013 3 e
¢ cY o] s N 561020132004 | i o 4] cs o oo o o I, ol e
6 - C4 _ Lok - — T I00uF/6VE  ___100uF/6V3 100uF/6V3  ___100uF/6V3 e
S0V sov 75015 3 75015 3 75015 3 75015 3 Ty U
EE-‘""D“ Bidir SMC égggfztﬁmw i égfgfm?mw ?[ 2%115(171 9?2 3) ?l’ :?1: 1'122?{‘:- lﬁlf:‘?ql‘ltl; 933) ?1 c\‘?:i\l*J 2222) Bisvoc vnarsue
824551301 12 1) n - - 885342207005 cosos L Ap(f. IR ~Chip(7.5x4.3) “HHIpLT R (73NN 524550500 2~
TS0V C0805 : 2mH/10A NC
: XX TR,
835012209048 2x Testpoint black ’ 7448031002
C1210 X X5 8 D4 XX4
7 ) o 1 Rl D3 2x2
® v T
7N Testpoint black UsiD L4148 . o i
MP2 19 GND Py X6 12
th o VBIAS  GND L 11 Testpoint black
_ - Testpoint yellow -
Clip H R4 —
36900000 RI6 x 3?030;01“011 x| R17
3 . 3
Sl;r sy | IPP320N20N3 G SR [ 1
4nTF/25 .
§853522140011 o [PPO4NOIL G o
2270 Testpoint black Cl6
X22 '7"3(31_’ 4nTE/ 100V
A 749252100 §85012207120 PE
GND = CO805
Tesipomi vellow
GND2
[
100pF/S0V
883012007057
CO803

AGND GND
I
1
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Test#5: Board configuration

P —— . s | )
£ - - Typa Ll a & i .

SWITCHING

Tumper -Depot 2@ ; a FREGUENCY
— . g reead g ot 5 300kHz

' UIN %) M} |ooe n ol 2 I l  DEeDUEE

G HEAEL — 3 3 5 GND 4000 . S 1+
' P2 o4 AP : 5o
S GND * 5 A SRl E RN L ) oo S :
: ¥ \ \8 ZE 8l 5 ¥

VN 8
8

wouT

8 p~_ D
[T

.ICIN "

flum” ’”,_,_-;.3“”5'}’5‘-?“" Se—ot
) 8 — ARE
=l ki
i 1| :

nnnnnnnnnn

ELEKTRONIK L FLYBACK EMI

MORE THAN - o 600 005
YOU EXPECT r) DEMONSTRATION BOARD V20221
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Test#5: Total conducted emissions - Line

110
100
90
80
’>=‘_ /0 —_ —Test3
3 60 —Test4
E 50 o TAY /\“ I ——Test5
LI oA A Tests
30 o — Test7
20 ——155032QP Class B
10 ——55032AV Class B
0
-10
100 kHz 1 MHz 10 MHz 30 MHz
Frequency
=
supp D‘ DC Test#3 Reference (no improvement)
Testi#4 Test#3 + RCD-snubber

J__\ g J J__ Test#5 Test#4 + primary to secondary y-capacitors

Combined
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Test#5: Quiz

= At which frequency there is a CM resonance of line inductance
and reference ground capacitance?
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Test#5: Conducted emissions - Common mode
110 1)f

100

90 2) 6dB noise reduction at f,,=300kHz

80 f\

70 —Test3 (M
“ Ll .

\
60 4 , - i — Testts (M

50 m l I ——Test5 CM
40 Teste CM

30 w M\W\N —Test7 CM

20 ——55032QP Class B
——55032AV Class B

=~ 4MHz

0,cm

Level (dBpV)

10
0

-10
100 kHz 1 MHz 10 MHz 30 MHz

Frequency

"

v supp Test#3 Reference (no improvement)

T DC

Test#s4 Test#3 + RCD-snubber

J__\ ¢ J J__ Test#5 Test#4 + primary to secondary y-capacitors

Common Mode
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Test#5: Quiz

Answer

= At which frequency there is a CM resonance of line inductance
and reference ground capacitance?

s f =~ 4MHz

0,cm
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Test#5: Background - Line inductance

Measurement: 1) Line inductance PE - 0,8m

mel‘\u Br“r'['e,» et
e = OFr

LPE =~ 0,8 I.lH
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Test#5: Background - Line inductance

Measurement: 1) CM line inductance L+N (+/-) - 0,8m

Lemi+n = 0,8pH
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Test#5: Background - Ground capacitance C¢

................i.........................
H
PE H
: l
: 1
H
. |
2 .
4n7. :
we gs;m,:uoon .
1 = LER R NN
VIN 19-30V PES]—{ 5 VOUT 5V/5A
Clip X1 X2 N
DI 36900000 _ Q Testpoint red \X\' I \'(RJT X4 =
~p N A Xl 3 =
Al o 3 3 2 O |=
- N 16 X1 o 0 X192 o
MERS3G0BT 'l 20 RI g7 70VDC Unidie sMA 20 1552 1 'g S
Is 47R f 524500701 Il =
¢ N 561020132004 o oo o] os ol o o e 1 4 pE 2
+] 5 1 +] c +] ‘ | N AAAT—
EEDG - c4 _ ]?Jk - e T I00uF/6V3  __100uF/6V3 100uF/6VS  ___100uF/6V3 07
o L00pE/S0V 7 ) . L00pF/S0V 875015119003 875015119003 875015119003 875015119003 N strioce Lmict e Shfce
3 - - 2 3 - - B 5V J
JOVDC Bidir SMC 885012007057 L0nF200V k3 883012007057 H-Chip(7.3x4.3) | 1-Chip(7.3x4.3) | H-Chin(7.3x4.3) | H-Chin(7.3x4.3) | o ot Umidir SMC
824551301 1o o) 885342207005 47R 080 824550500 2 L3
JuTR/50V XX O C0805 ' Zmid 1A N
885012200048 2x Testpoint black | 48031002
: X3 ® 18 XX4
C1210 - X3 . i . 0 peS
5 2 | B ; 0
d T
o N Testpoint black usiD L4148 1 o P X aanun "
N2
MP2 19 GND Py | X6 H 12 H
. VBIAS  GND | Testpoint black H H
PE T2 Do | ] . .
_ |_ Testpoint yellow _| _ n
Clip I .
36900000 RIG ::IS 1 kS R17 .
N — . e 560050332011 — = =
S‘l;F oy C IPP320N20N3 G | (— . :
§853522140011 | TPPO42NOSL. G : :
2270 Testpoint black Cl6 u
X22 TR2 | 4nTE/ 100V :
749252100 | $85012207120 PE H
. 22 H
PE GND = CO803 H
H
| N GND2 H
L H
H
- H
Tesipomi vellow -
H
H
7 GND2 %
RS H
H
T “\:|_4 H
100pF/SOV - -
885012007057 .
CO803 RIS ]
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Test#5: Background - Ground capacitance C¢

Theory: Effective ground capacitance in common mode

Cin Cour>> €1,029,C14
and
AC coupling by capacitor

C1
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Test#5: Background - CM-Filtering
Theory

= 1) The line inductance and the reference ground capacitance act as common mode filter
= Reference ground capacitance Cg:

1 1 N 1
Cg C1+C Cqg

(Cl + ng) . 614 _ (4,7nF + 4-,7TLF) - InF
B C 4+ Cyo+Cyy ~ 4,7nF + 4,70F + InF

~ 0,904nF

= Line inductance L;.:
Rule of thumb:

WH
1—-0,8m - 0,8uH
m

= Lijine = Lpg + Lem+n = 0,8pH + 0,8uH = 1,6uH
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Test#5: Background - CM-Filtering
Theory

Gain Plot 2nd Order LC Filter

10 100

t t )E

= The line inductance and the reference ground
capacitance act as a common mode filter for free

= corner frequency of the common mode filter
(Thomson's equation of oscillation):

-40dB/Dec.

40 4
~ 4,2MHz 50

1 1

27 - \[Line - Cg 27 - y/1,6uH - 0,904nF

fO,cm =

-60

-70 4=

Usup
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Test#5: Background - Switch node capacitance

G 1 T SUI TCHING
Jumper =Depot ‘e g : FREI:IIJENH

: . JGND 2 00k Hz : 1 .
: yIN Lﬁ\ k."\l"\ﬂ l'x:“' i AP I or i & B
} 19U-30V — : . 1

+

JTEE:HNIEHI_ — FLYBACK EMI

8 . 600 005
YOU EXPECT DEMONSTRATION BOARD  V2022.1

ELEKTRONIK
MORE THAN

7 2 FLYBACK EMI
PUBLIC | TECHNICAL ACADEMY | 2024-02-16




Test#5: Background - Switch node capacitance

Measurement: 2) Parasitic capacitance

CT,PS =~ 50,5pF CDE = ZOpF
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Test#5: Background — Cp¢

Theory: Interwinding capacitance from primary to secondary of the Transformer

Crps = Crvinvour + Ctpvour

CI',VIN,VOUT
Y ood! Y
] VIN/GND >,quiet” || & VOUT/GND2 ->,quiet
- Pin 3 1 Pin9,10
R 3 °
sy [ o 14 Prim Sec
: ° :
| Pin1 - CT,D,VOUT Pin 6,7
- Drain = ,very noisy bad!
r] _ Pin 4
IPPO42NOIL G R [
Aux Note: The influence of the synchronous
rectifier and the auxiliary winding
. rectifier on CM noise is negligible
p”_ﬁ compared to the much higher primary
GND ->,quiet” switch node voltage. Pin3 and Pin 5 are
“connected” in CM due the low
impedance of the input capacitor (C5).
I
Schematic Simplified 2 capacitor transformer CM noise model
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Test#5: Background - Lower noise level from switching frequency
Theory

= 2) The effective parasitic capacitance between switch node and reference ground is
reduced

= The CM noise is reduced as the effective parasitic capacitance acting against the
switch node (drain) is reduced

= |t can be shown that approx. 26pF (@3MHz) of the interwinding capacitance
(C+ pvour) acts from the switch node against the secondary-side

= A large part of the resulting CM noise current is diverted directly through the y-
capacitors between the primary and secondary side (C1, C29)

= This effect starts at the switching frequency (300kHz), which can also be shown in an
LTspice simulation

FLYBACK EMI
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Test#6: Schematic

VIN 19-30V

DI
P

A
MBRS360BT

Sl

824551301

D6
30VDC Bidir SMC

—Cl2

T AuTrsov
885012200048
C1210

FLYBACK EMI

SHIELL

g
ShielDIY;
360002

PE

Clip
36900000

PE

—[]

—2 pvouT
VOUT 5V/5A
JRI X2
749119550 VOUT
3 ] a 5A
D2 XX3
RI 7 7OVDC Unidir SMA %2
47R 824500701 N 1
4] N 561020132004 | i o 4] cs o oo o o L, o
C4 L0k cn — 6 T I00uF/6VE  ___100uF/6V3 100uF/6V3  ___100uF/6V3 e
SOV S0V 5015 3 375015 3 75015 3 375015 3 o .
Lo e T e T e T s T B e |
885342207005 47R coos " -Chip(7.3%4.3) ~Chip(7.3%4.3) ~Chip(7.3x4.3) -Chip(7.3%4.3) | ¢o4550500 2 vy
C0805 : 2mH/10A NC
Testpoint black l 7448031002
: 8 D4 XX4
Py 1 B D3 | 2
T
Testpoint black USID L4148 1 Ry s e
ND2
GND X7 ) X6 nz
o VBIAS  GND | | 11 Testpoint black
- |_ Testpoint yellow I _| |
R4
FE— | T I 350:01“011 T R
Cls | IPP320N20N3 G I 0eas | ]
4nTF/250V
sgs ’:2140011 R 1 TPPO42NO3L G OR
2270 Testpoint black C16
X22 TR2 | 4nTE/ 100V
749252100 | 885012207120 PE
PE GND = C0805
: |
| N ] GRD2
1 €29 |
Tesipomi vellow P ] | I -
: | 8853522140011 110
2220
| SR
i | ——]cND2
1 m
[ -
loopFisov kS RG
883012007057 0r033
CO803 RIS
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Test#6: Board configuration

l witch in

d - - #  SUITCHING
Jumper -Depot 03 . 3 FREQUENCY
o G - 300k Hz

Snubber L—.
m Ubl-l e

ELEKTRONIK TECHNICHL FLYBACK EMI
MORE THAN - 600 005 :
YOU EXPECT ‘ DEMDN::TDHTIDN BOARD  V2022.1 o
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Test#6: CMC Selection

Core materia's Comparison 7448022010 X 7448322222 744842311 744844102
WE-CMBMNC - 5 WE-CME - 5 WE-CME Mfn - 5 WEExH - L
10.0 mH -2.00 A 220 mH - 2.00 A 110 pH - 3.00 A 1.00 mH - 4.50 A
Y
= MnZn Show Panet “oaiz | ez | oes |
Common Mode Impedance =

= NiZn
= Both together

= Nanocrystalline

100 2

Impedance

Manganese-Zinc 100

Nanocrystalline

1 kHz 10 kHz 100 kHz 1 MHz 10 MHz 100 MHz 1GHz
Freguency
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Test#6: CMC Selection

REDEXPERT

WORTH EXPERT M Chokes for Mains Power Lines

= Highest Impedance at switch

Y2 Fiters: | Is selected

fre uenc = Y  Order Code S/ Series v size Yo ospee VgV Lo ¥ kR V Zow min @300 kHZ % Lines VT W Vpo Y Assembli. VL v ow v H Y Lls % Certificates
5
q \/ yetem 744822222 WE-CMB = 250V 220mH  2.00A 4.48K0 2 125°C  1.50kV THT 17.5mm  13.0mm  22.0mm
I m--mmmm-mmmmmm-ﬂ

744821201 WE-CMB 250V 1.00mH 2.00A 1.90 kQ 125°C 1.50 kV 15.0 mm 7.50 mm 18.0 mm

17448012002 WE-CMBNC Xs v 250V 1.60mH  2.00A 1.00 k2 2 125°C  1.50kV THT 140mm  7.50mm  16.0mm @
+744842311 WE-CMB Nizn s = 250V 110pH  3.00A 1830 2 125°C  1.50 k¥ THT 185mm  145mm  22.0mm &
744841247 WE-CMB Nizn Xs =3 250V 47.0pH  2.00A 9110 2 125°C  1.50kV THT 160mm  7.50mm  17.5mm a4
<
7448012002 7448022010 X 744821201 744822222 744841247 744842311
WE-CMBNC XS WE-CMENC - S WE-CMB XS WECMB - S WE-CME NiZn - X5 WLE-CME NiZn - 5
160 mH-2.00 A 10.0mH-200 A 1.00mH - 2.00 A Z20mH 200 A 470 pH - 2.00 A 110 pH - 300 A
I I I
Shaw Panel: | cmz § owz || oec |
_:
A
10 k2
1k
254
1k E
@ = A
100 0 2 s 24
: g 3
3 | 3 z ||
a (=%
IS o
- g 1000 =
-
100 =
14
[+] e}
10 500 mA
10
- |
1 kHz 10 kHz 100 kHz 1 MHz 10 MHz 100 MHz 1GHz 1 kHz 10 kHz 100 kHz 1 MHz 10 MHz 100 MHz 1GHz -40.0°C -20.0°C osc 20°C 40°C J
Eranuancu Erannaner Amhiont T
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Test#6: Background - CM-Filter

Selection

1. Selection of the y-capacitors
= 8853522140011 (4,7nF/X7R/250V)

2. Cutoff frequency of the input filter min. @ 1/10 of the switching frequency of the switching regulator
= 300kHz/10 = 30kHz

3. Calculation of inductance

1 1
= L - —
foem =5 TE 7 b = @af)? Corom (21 30KHZ)? 2 4,7nF

= 3mH

4. Selection of the component
» 744822222 (2,2mH/2A), due to smaller winding losses, SRF only at the 3rd harmonic
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Test#6: Background - CM-Filter
Theory

= The CM filter results from the inductance of the CMC and total capacitance to reference
ground (overall y-capacitance):
= inductance of the CMC = 2,2mH (744822222 - 2,2mH/2A CMB Type S)
= y-capacitors C2/C15 = 2-4,7nF (8853522140011- 4,7nF/250VAC WCAP-CSSA)

1 1 1
27 \/Lem * Cirotat 27" /Lem - (2 Cy + Cg) 2 - \/2,2mH - (2 - 4,7nF + 0,904nF)

~ 33,4kHz

fO,cm —

A —1oa (22 . 40dB = 10 (32%%H2) 4048 ~ 3848
Cm,f,SW - Og f0’cm - Og 33,4‘kHZ ~
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Test#6: Background - CM-Filter

REDEXPERT: Common mode impedance

= The attenuation of the CM filter is limited by the natural resonance of the CMC

10 ke

Common Mode Impedance

744822222
WE-CMB S
2,2mH 2A

Tk m———————

Impedance

10 O

—_—
o
(@)
=

Zom, min @900 kHz AT

REDEXPERT"

1 kHz 10 kHz

FLYBACK EMI

100 kHz 1 MHz 10 MHz 100 MHz
Frequency

1 GHz

Acm,max = 10g<

Acm,max = 108(

33,4kHz

fres,cmc) . 40dB

fO,cm

900kHz
+40dB =~ 57dB
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Test#6: Total conducted emissions - Line

110
100
90
80
= 70
=9 \
2 60
: \ I
o \M.\/'\/\/\J | /‘/\\J\l W/ V\‘J
30 ‘
20
10
0
-10
100 kHz 1 MHz
Frequency
—_— DC
Vsupp ) ) DC Test#3 Reference (no improvement)
— Test#s | Test#3 + RCD-snubber

J__\ g J J__ Test#5 Test#4 + primary to secondary y-capacitors

Combined
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10 MHz

30 MHz

—Test3
—Test4
—— Test5

Testé
——Test7
——55032QP Class B
——55032AV Class B



Test#6: Conducted emissions - Common mode

110
100
0 Agnrews33dB @ fy, = 300kHz
80
70
60

50
40
30
20
10

Level (dBpV)

0

-10
100 kHz

—> DC

v
supp > DC

L L

Common Mode
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1 MHz

Frequency

Name Description

Test#3

Reference (no improvement)

Test#4

Test#3 + RCD-snubber

Test#5

Test#4 + primary to secondary y-capacitors

10 MHz

30 MHz

——Test3 CM
——Test4 CM
——Test5 CM

Test6 CM
——Test7 CM
——55032QP Class B
——55032AV Class B



Test#6: Quiz

= Does the CMC have an influence on the differential mode noise?
(without the x-capacitor)

= A: No, a CMC works in common mode, as the name suggests

= B: Yes, there is a differential mode filter effect
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Test#6: Conducted emissions - Differential mode

110
100
90
80
_ 70 ——Test3 DM
% 60 | — 3 F — R ERRRARH b ——Test4 DM
S 50 B - ——Test5 DM
E’ 40 Test6 DM
30 W ——Test7 DM
20 —55032QP Class B
10 ——55032AV Class B
0
-10
100 kHz 1 MHz 10 MHz 30 MHz

Frequency

—— |
v supp DC Test#3 Reference (no improvement)

Test#s4 Test#3 + RCD-snubber

Test#5 Test#4 + primary to secondary y-capacitors

Differential Mode
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Test#6: Quiz

Answer

= Does the CMC have an influence on the differential mode noise?
(without the x-capacitor)

= A: No, a CMC works in common mode, as the name suggests

= B: Yes, there is a differential mode filter effect
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Test#6: Background - DM-Filtering

= The stray inductance of the CMC and the junction capacitance of D6 (input protection TVSP) act as a

differential mode filter (LC-filter) for free

SUEZoUY

8853522140011 I 8853522140011

1 2220
1 l
VIN 19'3 OV PE VOUT 5 V/5A Testpoint red
X3 om0 E()l T 4 VIN VOUT S5
3 369000C Estpoint rey /TN /OU 2
=] Ly X0 " DG 4 LR | Y A =
2 X X12 A4 XX1 D2 XX3 o
g SO X4 MBRS3GORT ) RI g 70VDC Unidis SMA 20 £
Is 4TR 824500701 NI 1 =
= +] o5 61020132004 +] 7 +] cs +] oo +| cuo ! = ©
o ) i 4l c +] ; bl I N AAAT
~ c4 100uF/35V - . c6 100uF/6V3 100uF/6V3 100uF/6V3 100uF/6V3
%DG 100pEis0v T 70135675003 | |1 el T LoopEisov T 875015110003 T [ 875015119003 875015110003 875015110003 7Rt
30VDC Bidir SMC RS0 1200705 St 10nF/200V k3 AR i . o . i . i, . HA5VDC Unidir SMC
85012007057 12 . 885012007057 -Chip(7.3x4.3 ~Chip(7.3%4.3 ~Chip(7.3x4.3 Chip(7.3x4.3 -
§24551301 2 poa e 85342207005 47R v 1-Chip(73x4.3) | H-Chip(7.3%4.3) | H-Chip(7.3%4.3) | H-Chip(7.3%43) 1 04550500 2 A~
X21 os -
JuTF/50V XX5 €805 Zmil 1A NC
885012200048 2 Testpoint black s 1 . 7448031002
C1210 xXX2 X5 : D4 R .
2x2 1 2 1 D3 | 2
- L |
Testpoint black USID rraLs | G2 ! -
ND2
ME2 GND O-‘” X6 I
PES 1 T’ VBIAS  GND : LT Testpoint black
- Testpoint vellow |
Clip | '_ l _|
36900000 x &
RI16 S RL7
cls 1 :1 IPP320N20N3 G : 60030332011 e[j 1 cu
n7F/25 0R 3 0R nF/25
8833522140011 - . 1 IPPO4INOIL G 8853322110031
©2220 Testpoint black N Cl6 C1812
X22 IRO-H . | AnTE/ 100V :
£ o 49252100 1 885012207120 PE
GND L — 1 C0803
h ] GND2
1 29 |
GNDQ—-—'I
Testpomnl yellow I
—— ! "
cr7 s | -
100pF/50V 2 RG
885012007057 0R033 i
CO805 RIS I
I AGND GND 1 |
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Test#6: Background - DM-Filtering
REDEXPERT: Stray inductance

= The stray inductance of the CMC and the junction capacitance of D6 (input protection
TVS) act as differential mode filter (LC-filter) for free

= Stray inductance of the CMC:

Differential Mode Impedance

10 kQ|

744822222
WE-CMB S DMI @10.0 MHZz

o (=

TKQ]  ———

_ |Zam| _ 6330

. Lscme = Lam = = ~ 10puH
£ seme = Ldm =5 e T O 10MHZz Y
£ 100 0 :
|
10 Q7 !
REDEXPERT"|
1 kHz 10 kHz ‘IOIO kHz 1 II\/IHz 10 MHz 10(3 MHz 1 (ISHz

Frequency
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Test#6: Background - DM-Filtering

Measurement: Stray inductance

» The stray inductance of the CMC and the junction capacitance of D6 (TVSP) act as
differential mode filter (LC-filter) for free

ce of the CMC (744822222 - 2.2mH/2A CMB Type S):

g

= Stray inductan

Differential Mode
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Test#6: Background - DM-Filtering

Datasheet: Junction capacitance

= The stray inductance of the CMC and the junction capacitance of D6 (TVSP) act as
differential mode filter (LC-filter) for free

= Junction capacitance of TVSP D6 (824551301 - TVSP 30V/3kW DO-214AB):

Typical Junction Gapacitance

10.000

1.000 .

— f 1 1
< g ,d — )
s Y 2n JLgeme Crps 27 - \/10pH - 400pF

Cjpe = 400pF ~ 2,5MHz

=]
e

Capacitance [pF]

1 10 100 1000
Reverse Breakdown Voltage [V]

—\/ = O\ - =\ =VDC
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Test#7: Schematic
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6 ~ C4 _ 10k cn — 6 T I00uF/6VE  ___100uF/6V3 100uF/6V3  ___100uF/6V3 e
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Test#7: Board configuration

Jumper -Depot

5 VIN
2 19VU-30V

ELEKTRONIK
MORE THAN
YOU EXPECT
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SHI TCHING
FREGUENCY
300k Hz

TECHNI CAL

FLYBACK EMI

600 005

V2022.1

- ‘ DEI“‘IDN::TDHTIDN BOARD 2. 5




Test#7: Total conducted emissions - Line

110
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90
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70

60 —

50 ——

40

o N
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Level (dBpV)
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0

-10
100 kHz

Vv Aj

Combined
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AT

1 MHz
Frequency

Namec Description

Test#3 Reference (no improvement)

Test#s4 Test#3 + RCD-snubber

Test#5 Test#4 + primary to secondary y-capacitors

Test#7 Test#6 + x-capacitor (DM filter)

10 MHz

30 MHz

—Test3
—Test4
—— Test5

Testé
——Test7
——55032QP Class B
——55032AV Class B



Test#7: Conducted emissions - Common mode

110

100
90
80
30 T .
g 60 I 1 | Test4 CM
g 50 ! I ——Test5 CM
—
40 : Test6 CM
mode conversion?
30 ——Test7 CM
20 \ ——55032QP Class B
10 ——55032AV Class B
0
-10
100 kHz 1 MHz 10 MHz 30 MHz
Frequency
— 1=
v supp ) DC Test#3 Reference (no improvement)
Tesths Test#3 + RCD-snubber

J__\ ¢ J J__ Test#5 Test#4 + primary to secondary y-capacitors

Common Mode Test#7 | Test#6 + x-capacitor (DM filter)
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Test#7: Background - DM-Filter

Selection

1. Choosing the CMC — determining the leakage inductance using RedExpert
= ~10pH

2. Cutoff frequency of the input filter min. @ 1/10 of the switching frequency of the switching regulator
= 300kHz/10 = 30kHz

3. (Calculation of capacitance
c 1 1
= - = =
foam = 2 Te T T @ T Lsem (27 30KHZ)?- 103H

= 2,8UF

4, Selection of the component
= 885012209048 (4,7uF/50V1210), Tolerance reserve and DC bias!
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Test#7: Background - DM-Filter
REDEXPERT: Capacitance / DC-Bias

= The DM filter results from the stray inductance of the CMC and the x-capacitor

= stray inductance of the CMC =10pH
= x-capacitors C12/C,: 4,7uF/50V-1210-MLCC

Capacitance / DC-Bias Voltage

5pF

AUF- \
o 885012209048
e 3pF X7R 1210
£ 4,7pF 50V Cxy = 3,68uF@24VDC
[1°}
Q.
[} J
O 2 —— C(Vpc.giss) @24.0V...

REDEXPERT®
O pF . . : : :
oV 10V 20V 30V 40V 50V 60V

DC-bias Voltage
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Test#7: Background - DM-Filter
Theory

= The DM filter results from the stray inductance of the CMC and the x-capacitor:
= stray inductance of the CMC =10pH
= x-capacitors C12/C,: 4,7uF/50V-1210-MLCC

1 1
21+ \[Lsem - Cx 21 - \/10pH - 3,681F

fo,dm = ~ 26,2kHz

A =1 sw 40dB =1 300kHz 40dB ~ 42,3dB
dmbsw = O £, am ~ 95\ 26,2kHz T
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Test#7: Conducted emissions - Differential mode

110
100
90
80 =42dB @ f.,, = 300kHz
0 ——Test3 DM
S::. 60 | ‘ :
C ‘ — ‘ YRR i —— Tests4 DM
3 20 ARAM A ddidanmniid - — Test5 DM
>
= o Test6 DM
30 w ——Test7 DM
20 —55032QP Class B
10 —— 55032AV Class B
0
-10
100 kHz 1 MHz 10 MHz 30 MHz

Frequency

—— |
v supp DC Test#3 Reference (no improvement)

Test#s4 Test#3 + RCD-snubber

Test#5 Test#4 + primary to secondary y-capacitors

Differential Mode Test#7 | Test#6 + x-capacitor (DM filter)
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Introduction - Inductive coupling
Flyback EMI - Demonstration Board - V2022.1 - Modification

= 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 inductive into the
filter (parasitic loop antenna)

= CM/DM conversion

&N

_ L
Switch Node
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Introduction - Inductive coupling
Top - Flyback EMI - Demonstration Board - V2022.1

Never switch in operation!
Ty 1 Ll &

F|5—E:a|:| o '.--r:"-':u-: |'.-.--1I- -i.:
SHI TCHING . : A
FREQUENCY i @

200k Hz 51

::...,,,....,,,....,,.,. .,,J]].,_,in,,,,,,.,,,,:

uouT

GND2Z2

; e = | ol , : g ] b D

: UIM 152 ) B I R L R Ay n (8.5 - LI T *OLe 1 5

 19U-30U = — :: T 3 6ND .28 . o MM
: c28 8

ELEKTRONIK TECHNICAL FLYBACK EMI
MORE THAN J 600 005
YOU EXPECT A‘ DEMONSTRATION BOARD V20221 o
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Introduction - Inductive coupling
Top - Flyback EMI - Demonstration Board - V2023.1

G09S EEGAERRAE J ] ] ‘i 1 g SR ERR000CCDaHDC
StarpOInt i B DG : l'lmrswitl:hlnnperatlnn ;
| | -k B5-Cap * - +':H

Sllconnection of | | &b Al e ™
N SElthe v-capacitors s 3 : | | vout

19y=-300

l' .Ii —— +"_‘ N u
: F, | Iy ] -I [ ]
c Snubbsr G oo . &
o USH =& & &=
P e |
n 1

...............................................................................

ELEKTRONIK Tzcmm FLYBACK EMI

MORE THAN '
YOU EXPECT ‘ ngnunsmmmm BOARD 9:‘393.?“5 O
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Introduction - Inductive coupling
Layout improvement - Flyback EMI - Demonstration Board - V2022.1 vs. V2023.1

110
100
90
80
70

60 o
50 E——

40
30
20

——Test7 DM V2022
——Test7 DM V2023
——55032QP Class B
——55032AV Class B

Level (dBuV)

10 Ve a2 A \,'\y»'»,\,.“,.,"' ~ (v it
0

-10
100 kHz 1 MHz 10 MHz 30 MHz

Frequency

Name Description
— DC
Vsupp ) Test7 DM V2022 | All improvements — Test 7
RS Demonstration Board - 2022.1

Test7 DM V2023 | All improvements — Test 7
Demonstration Board - 2023.1

Differential Mode
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CMC COMPARISON




Test# 7 e) h) k) - CMC comparison

Test setup
| | 1 : 1 1 1 1
“Ran
TR
a2
25
B 2
— ¥
| s 3
|V I' | 1
744822222 744822301 744842311 7448023005
WE-CMB S WE-CMB S WE-CMB NiZn S WE-CMBNCS
2.20mH 2.00 A 1.00mH 3.00 A 110 pH 3.00 A 5mH 3.00 A
MnZn MnZn NiZn Nanocrystalline
18 turns 12 turns 13 turns 13 turns
double layer single layer single layer single layer

e e E e e R e e T —— ) | SN IS e d T L
RO BT B s Do oo e oo oo [ (s o e R | T T T T 1 1 T 1 T T T 1 1 | E==)
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Test# 7 e) h) k) - CMC comparison: Conducted emissions - Line

90
80
70
60 |
—_ ‘ Test5 a)
=
@ 20 A ——Test7
=2
E 40 A l ——Test7 e)
3 30 | I l l —Test7 h)
I ——Test7 k)
20
A A ) ——55032QP Class B
10 7 PR, «“ kP Do ;“-“n.“iu AN & " ——55032AV Class B
0
-10
100 kHz 1 MHz 10 MHz 30 MHz
Frequency
Name Description CMC Core material:
v P ——_ DC = MnZn/MnZn
Su - .
i D’ DC Test#7 Test#7 - CMC: 2,2mH/2A MnZn - 744822222 NiZn
= Nanocrystalline

Test#7 e) Test#7 - CMC: 1mH/3A MnZn - 744822301 Note:

= T 4 = Test#7 h) Test#7 - CMC: 110pH/3A NiZn - 744842311 different color choice!

Test#7: green before - red (for 2,2mH MnZn)

Combined
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Test# 7 e) h) k) - CMC comparison: Conducted emissions - Common mode

90
80
70
60
- ‘ | Test5a) CM
=
Z 50 | [ —Test7 CM
©
% 40 l ——Test7 e) CM
> | |
S 30 A | 1 ‘ ol ——Test7 h) CM
20 I H ——Test7 k) CM
‘ ‘ —55032QP Class B
10 ¥ l\\ 2 /\ A H «'? :«‘
=V WY §7- “,,(Mu w2\ " 0 u\;\,’ Y ",,'H,',{ AT , : ——55032AV Class B
} I
0
-10
100 kHz 1 MHz 10 MHz 30 MHz
Frequency
Name Description CMC Core material:
y — DC = MnZn/MnZn
su - .
PP ——» DC Test##7 Test#7 - CMC: 2,2mH/2A MnZn - 744822222 NiZn .
= Nanocrystalline

Test#7 e) Test#7 - CMC: 1mH/3A MnZn - 744822301 Note:

= T = Test#7 h) Test#7 - CMC: 110pH/3A NiZn - 744842311 different color choice!

Test#7: green before - red (for 2,2mH MnZn)

Common Mode
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Test# 7 e) h) k) - CMC comparison: Background - Common Mode - 100kHz - 1MHz
REDEXPERT: Common Mode Impedance

Common Mode Impedance = CMC Core materia|:
10k - = MnZn/MnZn
= NiZn
= Nanocrystalline
1k QF
744822222 744822301
WE-CMB S WE-CMB S
g / 220mH2.00A | 1.00mH 3.00A
-g 100 Q 1
E 7448023005 7464842311
WE-CMBNC S WE-CMB NiZn S
1004 5mH 3.00 A 110 pH 3.00 A
" REDEXPERT®
1 kHz 10 kHz 100 kHz 1 MHz 10 MHz 100 MHz 1 GHz

Frequency
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Testi# 7 e) h) k) - CMC comparison: Conducted emissions - Common mode - 100kHz -1MHz

90

80

70

[e)]
o

Test5a) CM

——Test7 h) CM

Level (dBpV)
=~ u
o o

w
o

N
o

10

0
100 kHz

> DC

v
SWPP | DC

L L

Common Mode
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300 kHz
Frequency

600 kHz

Name Description

Test#7 Test#7 - CMC: 2,2mH/2A MnZn - 744822222
Test#7 e) Test#7 - CMC: 1mH/3A MnZn - 744822301
Test#7 h) Test#7 - CMC: 110pH/3A NiZn - 744842311
Test#7 k) Test#7 - CMC: 5mH/3A Nc -7448023005

—Test7 k) CM
——Test7e)CM
——Test7 CM
—55032QP (Class B
—55032AV (lass B

CMC Core material:
= MnZn/MnZn
= NiZn
= Nanocrystalline
Note:
different color choice!

Test#7: green before - red (for 2,2mH MnZn)
Test# 7 h): green (for NiZn)



Test# 7 e) h) k) - CMC comparison: Conducted emissions - Common mode - 10MHz -30MHz

60
50
40
3 ——Test5a) CM
@
2 ——Test7 CM
5 30
2 ——Test7 e) CM
-
[\ h ——Test7 k) CM
20 ‘k |
| ,,]"ILI [ Ll',.! “ i‘ﬂ “ﬁ“l..’ AL il L —Test7 h) CM
——55032AV (lass B
10
0
10 MHz 20 MHz
Frequency
CMC Core material
N > DC Test#5 a) Test#5 + y-capacitors + x-capacitor * MnZn/MnZn
su - :
i > bt Test#7 Test#7 - CMC: 2,2mH/2A MnZn - 744822222 m'zn calli
" anocrystalline

Test#7 e) Test#7 - CMC: 1mH/3A MnZn - 744822301 Note:

= T = Test#7 h) Test#7 - CMC: 110pH/3A NiZn - 744842311 different color choice!

Test#7: green before - red (for 2,2mH MnZn)

Common Mode
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Test# 7 e) h) k) - CMC comparison: Background - Common Mode - 10MHz - 30MHz
REDEXPERT: Common Mode Impedance

Common Mode Impedance = CMC Core materia|:
10k = MnZn/MnZn
= NiZn
= Nanocrystalline
1k QA
744822222 744822301
WE-CMB S WE-CMB S
& 2.20mH 2.00 A 1.00 mH 3.00 A
-g 100 ) A
E 7448023005 744842311
WE-CMBNC S WE-CMB NiZn S
1004 5 mH 3.00 A 110 pH 3.00 A
" REDEXPERT®
1 kHz 10 kHz 100 kHz 1 MHz 10 MHz 100 MHz 1 GHz

Frequency
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Test# 7 e) h) k) - CMC comparison: Radiated emissions - horizontal - 30MHz - 1GHz

70

60

50
E .
S Test5 a) horiz
=2 40 .
] —— Test7 horiz
g 30 ——Test7 e) horiz
-~ ——Test7 h) horiz

20 ——Test7 k) horiz

——55032QP (Class B3m
10
0
30 MHz 100 MHz 1 GHz
Frequency
Name Description CMC Core material:
y — > DC * MnZn/MnZn
su - .
PP — DC Test##7 Test#7 - CMC: 2,2mH/2A MnZn - 744822222 NiZn .
= Nanocrystalline

Test#7 e) Test#7 - CMC: 1mH/3A MnZn - 744822301 Note:

= T = Test#7 h) Test#7 - CMC: 110pH/3A NiZn - 744842311 different color choice!

Test#7: green before - red (for 2,2mH MnZn)

Common Mode Radiated
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Test# 7 e) h) k) - CMC comparison: Background - Radiated Emissions

Impedance measurement - With calibration : Common Mode Impedance

= (CMC Core material:

10 kQ
= MnZn/MnZn
. ~\
/ =< = Nizn

~N
1 kQ
w = Nanocrystalline
4 1000 ¥ 744822222 744822301
5 —— DUT1 MnZn WE-CMB S WE-CMB S
é{ - \_ ) — DUT1 MnZn 2.20 BWLIJ-IT?.OO A 1.00 BWLTTi.OO A
= DUT1 NiZn
 oUTine 744842311 7448023005
140 WE-CMB NiZn S WE-CMBNC S
110 yH 3.00 A 5mH 3.00 A
DUT1 DUT1
0,1Q
1 kHz 10 kHz 100 kHz 1 MHz 10 MHz 100 MHz 1 GHz

Frequency
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Test# 7 e) h) k) - CMC comparison: Conducted emissions - Differential mode

S0
80 H
70
60 q
= Il || | | | ——Test5 a) DM
a3 L [ ]
g 30 ™, /m\ ﬂ AR AT I —Test7 DM
: w0 (\ TN ey aom
a
- 30 (\ ——Test7 h) DM
——Test7 k) DM
20
W\/ ——55032QP Class B
10 ——55032AV Class B
0
-10
100 kHz 1 MHz 10 MHz 30 MHz
Frequency
Vv DC Test#5 a) Test#5 + y-capacitors + x-capacitor * MnZn/MnZn
su ; > i
PP DC Test#7 Test#7 - CMC: 2,2mH/2A MnZn - 744822222 * NiZn ]
= Nanocrystalline
Test#7 e) Test#7 - CMC: 1mH/3A MnZn - 744822301 Note:
Test#7 h) Test#7 - CMC: 110pH/3A NiZn - 744842311 different color choice!
Test#7: green before - red (for 2,2mH MnZn)
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Testi# 7 e) h) k) - CMC comparison: Conducted emissions - Differential mode - 100kHz -1MHz

90
80
70
60
E Test5 a) DM
g 50 ——Test7 e) DM
E 40 —Test7 k) DM
Q
- 30 ——Test7 h) DM
20 —Test7 DM
—55032QP Class B
10 ——55032AV Class B
0
-10
100 kHz 1 MHz
Frequency
Name Description CMC Core material:
v :j be = MnZn/MnZn
su . .
PP e Test#7 Test#7 - CMC: 2,2mH/2A MnZn - 744822222 NiZn .
= Nanocrystalline
Test#7 e) Test#7 - CMC: 1mH/3A MnZn - 744822301 Note:
Test#7 h) Test#7 - CMC: 110pH/3A NiZn - 744842311 different color choice!
Test#7: green before - red (for 2,2mH MnZn)
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Test# 7 e) h) k) - CMC comparison: Background - Differential Mode - 100kHz - 1MHz
REDEXPERT: Differential Mode Impedance

Differential Mode Impedance

= (CMC Core material:
= MnZn/MnZn
= NiZn
= Nanocrystalline

100 kQ

10 k1

744822222 744822301
WE-CMB S WE-CMB S
2.20mH 2.00 A 1.00 mH 3.00 A

1 kQ

Impedance

10001 7448023005 744842311
WE-CMBNC S WE-CMB NiZn S
5 mH 3.00 A 110 pH 3.00 A

10 Q 1

10Q

REDEXPERT"

1 1 1
1 kHz 10 kHz 100 kHz 1 MHz 10 MHz 100 MHz 1 GHz

Frequency
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