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How To Control EMI? o=

WURTH ELEKTRONIK

For our customers:

,,Headache*

,» like a fight: Bull (noise) and
red cloth (application)*
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Interference - Transmitter / Receiver We=-
1. Coupling mode F |e|d

4. Transformers

Load

BUS h “ /0O Signal

L Soree
1 1

Power supply Ground
connections
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1. Coupling mode
2. Attenuation

3. Emissions

4. Transformers

0,01

Interference Characteristics #
Symmetrical | Asymmetrical . Field
conducted coupled noise radiated noise
noise
Powder—, rod | CM- chokes . EMI ferrites,
core chokes | . shielding

Wiirth Elektronik eiSos EMC 2009 ©




3)

Interference - Frequency Range for EMI Tests WE—

WURTH ELEKTRONIK

1. Coupling mode

2. Attenuation

3. Emissions
4. Transformers VDE - Conducted
| |

FCC - Conducted
| |

MIL-STD - Conduct?d I
1, | ] ;
VDE - Radiatep
I |
I FCC - Radiated
] I

|
MIL-STDj- Radiated
l

- s e oy s S e - e . .

10 100 1 10 10 1 10] 100 g 10 100
Hz kHz MHz Hz
Frequency : I
l I
1 1 "
150KHz 30MHz 1GHz
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How Much Inductance is Needed?

RTH ELEKTRONIK

wi

(1 Range)
Frequencies
Stop

Scan Setlings

(1 Range)

Frequencies

Scan Settings

Receiver Settings

OpRge
60dB

Atten

Auto

M-Time

Detector
PK

IF BW
10kHz

Recsiver Settings

Step
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Start
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Atten

Auto

M-Time

Detector
AV

IF BW
10kHz

Step
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1. Coupling mode
2. Attenuation

3. Emissions

4. Transformers

What Impedance is Needed?

Level [dBuV/m]

WE=-

WURTH ELEKTRONIK

60

50

40

30

50M

70M 100M

Frequency [Hz]
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200M

300M

400M

600M




Insertion Loss Model “WE=-

WURTH ELEKTRONIK

Z, Zc

U, () U, U, Zg

¢

e @
H—, Equivalent circuit of Filter
Equivalent circuit Equivalent circuit of
of source system impedance
L, +2,.+72
Insertion Loss => A=20log—4—~F 5 in (dB)

A
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The Real World........ !

SOUrCe ...} ? ? .
: : L] '
: - : 9

Source

WE=-

WURTH ELEKTRONIK

device ...... |

? : LS Rus |
m :
i Noise :== Cs E

Equivalent circuit of source

o S,

for Inductor and Capacitor one
can find Simulation-Models
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Equivalent
circuit of load
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Practical Figures for ZA/ZB N —

WURTH ELEKTRONIK

* Groundplanes : Impedancerange 1... 2Q

+ VCC-Distribution: Impedance range 10 ... 20 Q

* Video-/ Clock-/ Dataline: Impedance range 50 ...90Q

*+ Long Datalines: Impedance range 90 ... >150 Q

With this we can make a first decision of a Ferrite-lmpedance Z.
which would suppress noise in our application :
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il

50

40

Kl

Dampfung in [dB]

10

Which Impedance Z- is Needed ?

== () Ohm z,

W 10 Ohm i

-1 Obm uol u1l Z_UU/

2

e

////

i

1 10 1

il
Impedanz des Ferrites [Ohm
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1000

W=

WURTH ELEKTRONIK

Example 1: required attentuation
= 20dB @ 200 MHz

VCC-Distribution

System impedance ca. 10 Ohm

=> goto Nomogramm:

180 Q => choose: 220 O
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1. Coupling mode
2. Attenuation

3. Emissions

4. Transformers

Case 1: Attentuation Reached

Dampfung in [dB]

il

50

40

0

e

Wil

L L

il
i

=

WURTH ELEKTRONIK

The initial
setup that
System
Impedance is
around 10 Ohm
at 200 MHz is

true !

1 10
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100 @ 1000
Impedanz des Ferrites [Ohm
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Case 2: More Attentuation o=

WURTH ELEKTRONIK

1. Coupling mode e - 50 Ohﬂl
2. Attenuation N 10 Ohm . Measurement of
3. Emissions _— ]. Ohﬂl U0 2 ZB '.q' 40d$
4. Transformers -1 Wlth Ferrlt-
* & The System-
0 / impedance ZA
and ZB are

much lower (at
around 1 Ohm)!

20

| L

1 10 100 @ 1000
Impedanz des Ferrites [Ohm
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Dampfung in [

2
B
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1. Coupling mode
2. Attenuation

3. Emissions

4. Transformers

Case 3: Less Attentuation

il

50

40

Dampfung in [dB]

20

|

i

10 100
Impedanz des Ferrites [Ohm @
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1000

W=

WURTH ELEKTRONIK

Measured only
e.qg. 10dB
with Ferrite.

The System-
impedances ZA
and ZB are
much higher
than expected

(around
50 Ohm)!

OR

Additional
coupling paths
not taken into
account!
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Analyse the Results B e

WURTH ELEKTRONIK

1. Coupling mode

2. Attenuation Level [dByV/m]

3. Emissions 60

4. Transformers

: With 20 dB attenuation it passes

50

40 A }M‘\N

1 L] | ™
Asnsn Sl g o W

10 --- : Wtih 10 db attenuation still fails

20

30M 40M 50M 70M 100M 200M 300M 400M 600M 1G

Frequency [Hz]
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Insertion Loss vs. Impedance of Source/ Load (Z, / Z;)

WURTH ELEKTRONIK

with Z, = Zg = 5000 Q2 =constant
—

no effect in filtering !

————_A=-3dB max.

with Z, = Z; = 1000 Q = constant

A = - 8 dB max.
with Z, = Zg = 200 Q = constant

1
——————__A=-18 dB max.

with Z, = Z; = 50 Q = constant

r A = -32 dB max.

with Z, = Z; = 10 Q = constant

Zy

Q) e —mfrm——x —-!E-_-_-q_-_--:-—-r_—.:——:m:’—-_’_zn
S T ™~ — .
N ™. mﬁ"‘i e
\ N %
\\ N 2.00\9\--”' /
10 A \
g S0\ |
S
£ —m (109 /
oo e N A
/.: X N
40 == —3
100k ™M 10M 100M 1G

Frequency (Hz)

SMD-Ferrite Z = 600 Ohm @ 100 MHz /
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1. Coupling mode

2. Attenuation

3. Emissions

4. Transformers

V.. Decoupling Example - Test Board

Filter circuit 1uF; Ferrit; 1uF

CL=47pF

5,1Vpe

Wiirth Elektronik eiSos EMC 2009 ©

Trimmer 10K

WE=-

WURTH ELEKTRONIK

IC
74LS132

R, =2200

R=470Q
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V.. Decoupling Example - Discrete nt-Filter “WE—-

WURTH ELEKTRONIK

n-Filter: 1uF-742792093-1uF

On I 1 Ve
GND GND
Attenuation
0
-20 -
-40 -
-60 N . .
m Pi-Filter Simulation
o)
-80
-100
-120
-140
1 10 100 1000
Frequency [MHZz]

Wiirth Elektronik eiSos EMC 2009 ©



19

WURTH ELEKTRONIK

V.. Decoupling Example - Filter Simulation Circuit WE=-

10000

o0 ) Impedance Characteristic Zmax@100MHz
3 ' NG 742792093
3 v 1 A L
éénm {
% /Jl ll: -
= 10 ! Cp Ferrit
= i
”m H SMD-Ferrit VCC
10 100 “ICIDD [
L o] [
Cc2 . C1
B lCC |::|ZA Rp Ferrit 78
iLsZ iLs‘l
GND
—
D ESR2 D ESR1 -
L 2

-
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V.. Decoupling Example - Noise without Filter WE=-

WURTH ELEKTRONIK

no filtering on Vcc
(condition: max. Hold)

Mk rl 1.E1 B MHz
F"-'f B dBm #Hff...” 18 dB 37 3E dBrn

Start 1 MHz Stop 1 GHz
#Res BW 108 kHz #\/BH 100 IH_ weep 1345 ms (19149 pts)
= # Axis Amplitude
-37.35 dBm
= -17.1 odBm
38 MHz -22.8 dBm
ZHA MH=z -41.94 dBm
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V.. Decoupling Example — 1uF Simulation

WURTH ELEKTRONIK

Step 1: C-Filter with 1uF
1uF Cap. Of v
GND
Attenuation
0 !
-40
50dB \
m 0 — C-Filter
©
-80
-100
-120 -
-140
Frequency [MHz]

Wiirth Elektronik eiSos EMC 2009 ©
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V.. Decoupling Example - 1uF Results WE—

Step 1:
1uF Cap.

50dB

WURTH ELEKTRONIK

C-Filter: 1uF rin s

IC|

1
<

@

O

R

Attenuation

— without filtering
— C-Filter 1uF
—— C-Filter Simulation

100 -
120 -
-140
1 4MHz 4, 100 1000
Frequency [MHz]
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n u n ] —O-
V.. Decoupling Example — 1uF and Ferrite Simulation Sy =
" WURTH ELEKTRONIK
Step 2: LC-Filter: 1uF-742792093
1uF Cap. ool N
. On ] [
& Ferrite - _L _VCC
GND
Attenuation
0
-20 - ’/""‘""
'\\ //'.f |
0V D
T
1) 60 f\J —— LC-Filter-Simulation
° -80 \ —— C-Filter Simulation
- - /
100 \(
120 - main attenuation
done by the ferrite
-140 St A
1 10 100 1000
Frequency [MHz]
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V.. Decoupling Example - 1uF and Ferrite Results WE=-

Step 2:
1uF Cap.
& Ferrite

LC-Filter: 1uF-742792093

L1

O -

-
<

®)

@)

WURTH ELEKTRONIK

nt  17:37:09 28 Sep 2005

Attenuation

0
-20 ™~ M
s a
-40 o= )
-60
3
-80
/
-100 N o
-120 main attenuation
done by the ferrite
_140 [ [ | |
1 10 100 1000
Frequency [MHZz]

- C-Filter 1uF
— LC-Filter 1uF_742792093
— without filtering

—— LC-Filter-Simulation

Wiirth Elektronik eiSos EMC 2009 ©
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V.. Decoupling Example - Pi Filter Simulation Et—

WURTH ELEKTRONIK

Step 3 n-Filter: 1uF-742792093-1uF
1uF//1uF Cap. — -
& Ferrite oh I 1 Ve
GND GND
Attenuation
0
20 T T
-40 \\"ﬁf"/ =
ome="" —— LC-Filter-Simulation
-eo(D\\ | i T
] P k) —— C-Filter Simulation
-80 1 \Y, Pi-Filter-Simulation
100 N\ ” /
420 .
additional attenuation
-140 = for the lower frequency
1 10 100 1000
Frequency [MHz]
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——0
n n L —_—
V.. Decoupling Example - Pi Filter Results WE—-
 WURTH ELEKTRONIK
Step 3: n-Filter: 1uF-742792093-1uF S——
1uF//1uF Cap. _ _
& Ferrite oh I 1 Ve
GND GND
Attenuation
0
20 -
1
0 _——— — C-Filter-Simulation
/ ‘ — C-Filter 1uF
o L enmstem e — LC-Filter 1uF_742792093
® el N \/ N | PI-Filter 1uF//1uF_742792093
—— without filtering
\ | — LC-Filter-Simulation
0TS | = Pi-Filter-Simulation
120 1 additional attenuation
140 for the lower frequency
1 10 100 1000
Frequency [MHZz]

Wiirth Elektronik eiSos EMC 2009 ©



27

V.. Decoupling Example - Final Result WE ;-
n-Filter: 1uF-742792093-1uF
Op - 0 Ve
—
GND GND
no filtering on Vcc filtering on Vcc

------ ¢ Agilent 17:31:42 28 Sep 2005 i Agilent  17:33:18 28 Sep 2005

#Atten 18 dB

T --IIIIIII--IIIIIII--IIIIII
e LU .y e P
e et | i fiow el coolbddlllas, ||| 1 LI Sybten, Alighnents) Align Now, Al renired

R AL
. A M N B W
W-"""'--"'HHM-E'““" 1 A R

e
==HIIIIH=====IIH==H=!“I' (00, SRR V111 YIRS S NP S I ARA

HH HHL

Wiirth Elektronik eiSos EMC 2009 ©



28

EMI: Conducted Emission w/o Filter

LT3481EMSE Demo Board |

24V to 3.3V @2A
fsw=800kHz
CEM 0.15 - 30 MHz

Test without EMC filter: -

Peak 82dBuV
— 26dB above limit

Limit #1; 022qp-0

WE=-

WURTH ELEKTRONIK

0 B 29999

o
100

80

b0

Limit #2 0223w Detector. Peak, hyerage

Wiirth Elektronik eiSos EMC 2009 ©

i 40
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EMI: Conducted Emission with Filter N —

WURTH ELEKTRONIK

Ferrite bead High ESR Elco
; to damp cable

Bl

1 1 1 1 [ I I 1 1 1 1 1 [ | 1
L [ | p—— L A laicaaa.
1 1 1 1 I I 1 1 1 1 1 [ | 1

7l

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

Bl

Test with additional L=10uH,
C=3.3uF 50V 1210 input filter

dll

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

Peak=42dBpV/im | N TR e
@=32dBuV/m R A -

1 1 1 1 [ N | 1 1 1 1 1 [ 1
1 1 1 1 I N | 1 1 1 1 1 11 1
T T T T T T 1 T T T T T T T 1 T 3D
1 1 1 1 [ N | 1 1 1 1 1 I | 1
' ' ' ' [ ' ' ' ' ' " '
........................ T

Peak & & 14dB below limit L T EEEE E RIS n

i R Ry Tt |
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EMI: Conducted Emission Measurement “WE=-

WURTH ELEKTRONIK

1. Coupling mode

2 oo « Power supply V 1.0

3. Emissions
[dBuV] ﬂ
. 100 ; Py T /
| =/ 10 Tov .

4. Transformers

L
80

-1 - e : - -
150k 300k 400k 600k 1M 2M 3aM 4M 5M
i [Hz]

Buck Converter ST L4960/2.5A/fs 85-115KHz
N
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EMI: Conducted Emission Measurement N —

WURTH ELEKTRONIK

1. Coupling mode

2. Attenuation

3. Emissions

el  Power supply V 1.1

[dBuV]
100

80 Losnenis

60 \\

40
LY \/\//\/'\/\/W\Qw A A A AT A g vt A g e
O :
,q_/‘\_/‘-_"‘-—u__, — e
10 5ok 300k 400k 600k 1M oM  3M  4M 5M

Schematic
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EMI: Be Aware: B e

WURTH ELEKTRONIK

1. Coupling mode

2 Attanustion « Select the right parts for your
3. Emissions appl ication

4. Transformers

Do not always look on cost

Very easy solution with a
dramatic result!!!

Choke before Choke after

Wiirth Elektronik eiSos EMC 2009 ©
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EMI: Shielded vs. Unshielded Power Inductor

1.000 MHz

i , — r
unshielded
.|_
-

it

‘ e |

| |10 |
7 i | |

[Hz 200000 kHz 400 000kHz B00.000 kHz B00.000 kHz
Chatinel; 2 Window Type: Blackman ‘Window Sz 41582

Curgot Infoemation : Cursar off
Hamanic Irfemton
Tot: 286,750 kHz -26.856 08
Jid: BRO.ON kHz 51 847 8

2nd: 573250 KMz 3347 o8
h -

T L A
shielded

OHz 200,000 kHz 400000 kHz B0.000 kHz

Charivel; 2
Ciitgar Information . Cutsct off

‘indow Tupe + Blackman

Hamonic information ;
tab: 28R 500 kHz 4E977 4B

3t £59.750 kHz 56,160 dB i

Wiirth Elektronik eiSos EMC 2009 ©

WURTH ELEKTRONIK

11 l];'.|' |

E00.000 kHz 1.000 Mk

‘Window Size : 8152

Ind 73000 kHz -52 705 4B
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EMI: Shielded vs. Unshielded Power Inductor

Ty T el OG0
BREENEEHE
O — Lo e e

a

00

- O»

s =]
N EREOE N YR

Shielded

Unshielded

Marking ‘

Maorking

Wiirth Elektronik eiSos EMC 2009 ©

WE=-

WilDTH El ENTRONIK
FieldLines
=E-8

B 3413
2244
u |
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EMI: Shielded vs. Unshielded Power Inductor

* Magnetic field

I
[
shielded | unshielded
I
[

Wiirth Elektronik eiSos EMC 2009 ©
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Conducted Emissions Example - Test and Compare = “le/&F—-

WURTH ELEKTRONIK

« Differential Choke
 Bifilar Wound Common Mode Choke
« Sector Wound Common Mode Choke

Chip Bead

: 1 MHz f | MS[1) 50.26 dBpY
i ' i 1.4908 MHz
90 dBuv—t YR ; L miafa] B39 dBpy

S gy L . 297.9 kKHz|

100 depv

a0 dayw

P

70 dBps [J ]

&0 dBuw

> | ! ! !
S0 deu T - ; =—f
40 dapw - e - . - -

WA | VRN [N I I I R

Mo Type Dgr| Trc Stimulus Response Func Func.Result

| 3] 3w] 1] 1

4 LN 1 1
s A 1 1

Wiirth Elektronik eiSos EMC 2009 ©
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Conducted Emissions Example - Test Setup

[l

(5l (21

L9
L}
i3
i-

Wiirth Elektronik eiSos EMC 2009 ©

WE=-

WURTH ELEKTRONIK

a) no load
b) 1.5A load
150KHz fsw.
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Conducted Emissions Example - LISN B/ ==

WURTH ELEKTRONIK

Line Impedance Stabilization
Network (LISN) *Isolates DUT from Power

Source (typically mains) Noise

From power B0WH To *Provide characteristic
source 7 'I t'.lltfl:r1 L EUT Impedance to DUT (50ohms in
Lm T .
Tuf 1000W HEEEE['E;?FEI or EMC analyzer this case)
—E—I < *Path for Conducted noise from

DUT to Spectrum Analyser

The 1 uF in combination with the 50 pH inductor
is the filter that isolates the mains from the EUT.
The 50 uH inductor isolates the noise generated
by the EUT from the mains. The 0.1 uF couples the
noise generated by the EUT to the EMC analyzer
or receiver. At frequencies above 150 kHz, the EUT
signals are presented with a 50-£2 impedance.

Waurth Elektronik eiSos EMC 2009 ©
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Conducted Emissions Example — Demo Board “WE=-

1. Coupling mode

2. Attenuation

3. Emissions

4. Transformers

WURTH ELEKTRONIK

; - 1 MHz 4 oME[1] 50.26 dBpWY
200 d8u : : : 1.4008 MHz
90 dBu — L MIL[1] B2.91 dapy
?I. o 297.9 kHz E
80 depy ll.- 1
70 dBpy li -
: e Y
&0 dEuty -
e S : i
dBuw : ~ [
40 dBpy . . — .
! | | |5 | |
3N dauy—l— g J L
.. T B i ; .
FCC Class B limit - | |
Mo Type Dgr| Tre Stimulus Response Func Func.Result

Wiirth Elektronik eiSos EMC 2009 ©
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Conducted Emissions Example - Electrical Load

1. Coupling mode

2. Attenuation

3. Emissions

4. Transformers

Wiirth Elektronik eiSos EMC 2009 ©

WE=-

WURTH ELEKTRONIK
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Conducted Emissions Example - Test Board WE—

WURTH ELEKTRONIK

- DC/DC Converter

- Input Voltage20V-25V

- Output Voltagel2V/6.25A
- Fsw: 150KHz

Testcondition:

- no load
- max. load 1.5A

Wiirth Elektronik eiSos EMC 2009 ©
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Conducted Emissions Example — No Filter N —

1. Coupling mode

2. Attenuation

3. Emissions

4. Transformers

FCC Class B limit

WURTH ELEKTRONIK

H i WEw
; - 1 MHz 4 oME[1] 50.26 dBpWY
200 dapy - - ; 1.4008 MHz
90 dBu — L MIL[1] B2.91 dapy
?I. . : 297.9 kHz E
80 deyv ll.- 1
70 dBpy li -
0 v i
60 dBuW
i L : ;
dBuy : —~— , [
40 dByv : : — :
30 Aoyl E ] kil
| T | | i
Mo Type Dgr| Trc Stimulus Response Func Func.Result

Wiirth Elektronik eiSos EMC 2009 ©
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Conducted Emissions Example - Differential Choke = /=~

WURTH ELEKTRONIK

1. Coupling mode

2. Attenuation

3. Emissions

4. Transformers

M

Differential Line Choke 220uH

Wiirth Elektronik eiSos EMC 2009 ©
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Conducted Emissions Example - Differential Choke Results

CME[1]

100 dBpy

90 dBuv

i L MHz

5 M1[1]

80 dapy

no load >

100 dBpy

90 dey

Lo 1 MHz

80 dey

T ETEY]

HECTIRE

W=

WURTH ELEKTRONIK

25.66 dBpY
1.1936 MHz
49.83 dBpy

297.9 kHz

50.26 dBpY 70 day

1.4908 MHz &0 dBL

=

3.9 i
B3.91 |'|I'I|J‘.- S0 a6

1 VS I R RESR DS

207.9 kHz, L

S
i

i e

30 day

40 dy lJ]

70 dapy [‘I

60 dBuy

+it---f----f---

e

\
50 dBuy <

40 dBuy

30 dEp= —

Stimulus

B91.9 kHz

Response Func

il il

100 depy

Lo L MHz

|10 MHz

al day

20 day

Func.Result 70 deu

a0 dBy Il
S0 dpt |

40 dBy

|
load 1.5A>

Wiirth Elektronik eiSos E




|_more than you expect | |
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Conducted Emissions Example - Bifilar CMC zlmliﬁ

1. Coupling mode

2. Attenuation

3. Emissions

4. Transformers

CMC 4.7mH Bifilar Winding

Waurth Elektronik eiSos EMC 2009 ©
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Conducted Emissions Example - Bifilar CMC N —

WURTH ELEKTRONIK

1. Coupling mode

Artikel-Nr. Induktivitat
2. Attenuation (nH)
744272121 2x120 0,025 2500 460
3. Emissions 744272221 2 x 220 0,032 2200 780
AT 744272251 2% 250 0,035 2000 970
744272474 2 x 470 0,065 1600 1750
744272102 2 x 1000 0,180 950 3600
744272222 2 x 2200 0,300 750 7500
744272332 2 x 3300 0,360 650 8900
744272392 2 x 3900 0,540 520 9600
744272472 2% 4700 0,720 ( 350 ) 13000
744 272 472 _ , _
. Warning: Don’t try this at home!
s For Demonstration Purposes Only!
£
] <
1000 "
g | Load is 1.5A
|
5 400 “
g — = An d A EEER C M C
£ 5
i}
1 i~ : AN
0.1 1 10 100 1000

Fraguenz § fraguency [MHz]

R o i CMC 4.7mH Bifilar Winding

{0} = = ZFydif
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WURTH ELEKTRONIK

Conducted Emissions Example - Bifilar CMC Results

NO load > |EEEEEEEE

L1 1MHz T Ma[1] 53.37 dBpV|
100 dBuv— o : 1.1936 MHZ
g H P MI[1] B3.62 dBpy|
= 90 dBpl —mr ¥ 2097.9 k: 1z
0 80 dBpy Y .‘ L -
1 o
70 deuy J:' A
f Lyl
60 dBu— ——
. 1 MHz {MAE[1] 50.26 dBpY Sl t i
1 By 50 dy T
100 cByry : , 1.4008 MHz T T .
. ' LM A3.91 dapy 40 08UV —3y =i ;
R — LMi1] b ' I T
Y 4 297,49 kHz 30 dBuy i M R ST
¥, [ ] 1 ' ' I ! 1
80 deuy ,: i : . ; i ! il
70 dBgy [kl - — . ;
| HS J H ' 1
~ 60 deuy i|_ i ¥ i ) No Type Dgr| Trc Stimulus Response Func Func.Result
L | I [ !
E L gy [ : [
40 dByv —_— :
it T | !
I I | i
3 q;,m', — i | | 1] L
; | Z| | P 1 MHz T Ma1] 66.96 dBpV|
100 dapv—i 2 : 1,1036 MH2|
S Jj ! iomMa[1] 102,34 dbpv|
o dBut H LS ¥ 287.9 kHz
80 depy - -
= 70 dBuy | | — T ! ;
No| Type |Dgr|Trc Stimulus RESpOnse Func Func.Result SOCEBp— 7 :
50 dagv—i+ | ! ii. i
40 dig —- T ] i | i I
EEIETI : ] ! B
4 41 b | i Wi
g S| o1 -
H ._
[LIIT] :
No Type Dgr| Tre Stimulus Response Func Func.Result

CMC 4.7mH Bifilar Winding

load 1.5A>
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Conducted Emissions Example — Sector CMC N —

WURTH ELEKTRONIK

1. Coupling mode

2. Attenuation

3. Emissions

4. Transformers

CMC 47mH sectional winding
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Conducted Emissions Example — Sector CMC N —

WURTH ELEKTRONIK

1. Coupling mode

2. Attenuation

Einfligedampfung im Frequenzverlauf
3. Emissions
70

60 /‘f—l\&
[dB] 50 ’_,..r-"“ ———
I 40 — B =SS

30

_a-r""’r’f = —
20 —
10

0
10 kHz 100 kHz 1 MHz 10 MHz

4. Transformers

1mH 33mH 5,8 mMH = 10mH 18 mH 33mH =47 mH

CMC 47mH Sectional Winding
Leakage Inductance Ls~ 250uH (5% of L)
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Conducted Emissions Example - Sector CMC Results B e

WURTH ELEKTRONIK

no load >

1 ¥
EVE £ 1 ©l L MHz i L omf] 25.32 dBpV
: \ o 100 dauy i ; 7 1.1936 MHz
F ; A : Lo g : LML) 14.07 dopy,
90 dey’ ; T H ; 297.9 kHz D
a0 day : .
L bl 1MHz I : ms[1] 50.26 dBpv 70 deu —
100 dapli— : - ; 1.4008 MHz 50 et i
T : L_M1[1] #3.91 dipv 50 BV — S
] : 297.9 kHz L H Wb L
an dEi;J'-' IH‘. h H ) 40 day ‘. v T
H | ! 30 dey ! | L
70 dBpy 1 ] Bl |
[: HE w
60 dBuy i
50 dE? - -
i 1 ] 1 i 1 ]
40 dauy ; :
d i | N G A ,
30 dEuY T et - = - - : Tl L MHz : M) 25.99 dBpY
| i ] i ! :‘ : 100 ey O ’ ? 1.1936 MHz
] Lo ; | M1[1] 59,98 dapy
90 dey’ T - H 1 29749 kiHz b
0 déiy : :
70 dauy—; ——
Ml L
60 dEg = -
& % ﬂ LM g
Mo| Type [Dgr|Trc Stimulus Response Func Func.Result 50 dép H
40 déy y
30 day ':1 |l o
: i A i |
1 l 1
Il-l l- No Type Dgr| Trc Stimulus Response Func Func. Result

CMC 47mH sectional winding ~ 10ad 1.5A>
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Conducted Emissions Example — Chip Bead =

WURTH ELEKTRONIK

1. Coupling mode

2. Attenuation

3. Emissions

4. Transformers

Chip Bead 530€Q2 / 3A
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Conducted Emissions Example - Chip Bead Results “WE—-

WURTH ELEKTRONIK

No load > BT

AL D1 MHz : RN 61,23 dBpy
: 5 100 dauy i ; : 1.1936 MHz
& ! T : L M1[1] 81,93 dBpvV
B 1 nde HR-CR M1 T i i 297.9 kHz D
= 20 day JF *
70 de {lll
00 daph . 1 MHz g L ma[L) 50.26 dBpY 60 dBpv—t ~
1 By 4 k ; : :
| | 1.4908 MHz 50 dy | i
Pl ! H "|H|:|'| Bd.a1 |'||'Ip‘,-' i
90 dB NV —+ .' i '
k ﬁ ] 2979 kHz i T i ; 5
I | 1 ! bt 14 10K ) s |
20 dapy II: i 30 anqv: 1 : : I :
# i | |
70 dBpy i -
[. i ¥ I 0 . ; 0
60 deuy :
\ . i | I | H : No | Type |Dgr| Trc Stimulus Response Func Func.Result
50 depy 1 i
A S B I : ! i !
40 day —_— : ' B — :
i : g H ‘ !
; HE 7 B
3 ql;.l'l.'ll _ I i I{ || |||I
4 T || 1MHz ] CETEY] 74.18 dBpV|
100 dauy Il-i : ; : 5 11036 MHz
i Nl bl ! MIL[1] 102,71 dbpy
a0 dey H 2 : : e . 297.9 kHz D
a0 day - I i :
it . 70 diy ; ; T !
Mo Type Dgr| Trc Stimulus Response Func Func.Result | -
&0 dey :
50 day ’r'l } m 0
A : J
0 ey - - 11 |
4 | I
1l

H il ! ] I
Il-l I S | B : " LE
il

Chip Bead 530Q l 3A |Oad 1 .5A> l' Stimulus REsponse Func Func.Result
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10000

Impedanz / impedance [Ohm]

WIURTH ELEKTRONIK

CH1 |Z] typischer Impedanzverlauf /
CH2 XL .
. typical Impedance curve

1000

100

1 10 100 1000
Frequenz / frequency [MHz]

xm LALIEY
Bistart| (0 8 S EEEGE * oo 3 G ¢k aknpmB008 | =3 Sewmirnar Ereg | S s Bttt | - Aukiton uretint Prote... |[2F Unear Technology .. |« 2/ LML SAD 2D J @G 100

Chip Bead 530Q2 / 3A
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Conducted Emissions Example - Conclusions B e

WURTH ELEKTRONIK

» High Frequency Noise Appears Under Load
* Noise is Differential Mode
* Differential Choke

— Attenuates low frequency noise because of SRF

 Bifilar CMC

— Does not attenuate because of very low leakage inductance.

« Sector CMC

— Attenuates both high and low because of leakage inductance with high SRF.

 Chip Bead

— Without a load there is some affect at high frequencies, but with a load the bead pre-
magnetizes and there is no affect at all.
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Transformers for EMC — What to Choose B e

WURTH ELEKTRONIK

1. Coupling mode

2. Attenuation
3. Emissions

4. Transformers
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Transformers for EMC — No Antennas Please! “WE=-

WURTH ELEKTRONIK

1. Coupling mode

Enough Said!

3. Emissions

4. Transformers

Flying Leads Make Great Antennas.
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Transformers for EMC — No External Gaps B e

WURTH ELEKTRONIK

FieldLines
=E-8|

= EESE
221
m 22

Shielded

AR A L

% "
OHz 200000 kHz 400,000 kHz 600000 kHz B00000KH: 1.000 M- 0Kz 200000 kHz 400.000kHz 800,000 kHz 800000 kHz 1000 MHz
Charnel: 2 Windan Type - Blackman Window Size: 8152 Charrel: 2 Windors Type:: Blackman whndow Size - 8192
Curson Information . Curser olf Curgot Information: Cursor alf
Hamoniz Infomation Hamonic Infornation
1st: 286500 kHz 45977 dB 2nd: 573000 kHz 52705 48 1ot 266 750 kHz <26 856 B 2nd: 573,250 kHz +33.347 &8
- BEETS0KH: L1604 iz i BRLONC Kz 51,047 B M=
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Transformers for EMC — No External Gaps B e

WURTH ELEKTRONIK

Core

+ Center Leg Gap Only T
— Windings Shield

* No Gaps in Outer Legs
— Nothing to Shield

7 id
R - <
4 :
=3 1
s EE R i = 4
Jed
e T
B &, By
i LK
= B im -
/ gl 1Ly
H v
1 i
- o} FLEE -
£ 0 R SR =
¥
-
=

bt W B

Wiirth Elektronik eiSos EMC 2009 ©



59
Transformers for EMC — No Drum Cores B e

WURTH ELEKTRONIK

1. Coupling mode

2. Attenuation

3. Emissions

4. Transformers e Drum COI‘e Style
 Very Large Gap
« Much Radiation
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Transformers for EMC — No Rod Cores B e

WURTH ELEKTRONIK

1. Coupling mode

2. Attenuation
3. Emissions

4. Transformers

* Rod Core Style
 Huge Gap — Much Radiation a4y

N
« This is an AM Antenna k"\/;"' \
So Where is the Gap? N\

What is this? S
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Transformers for EMC — No El Core B e

WURTH ELEKTRONIK

1. Coupling mode

2. Attenuation
3. Emissions

4. Transformers

« El Core Style
 Mylar or Tape Used for Gap
 Three Unshielded Gaps
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Transformers for EMC — Gap WE—=-

WURTH ELEKTRONIK

* Gap Must be Perpendicular to Flux Lines

— Here Only One Side is Gapped
« Uneven Gaps Are Inefficient, \Why?
— Core Saturates at Minimum Gap.
— Requires a Larger Gap —
» Also Larger Gap — More Potential EMI

. -~
\(\
NV
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Transformers for EMC - Fringing Affect B e

WURTH ELEKTRONIK

’

e Turns Over Gap May Not “Count’

2. Attenuation

3. Emissions

4. Transformers ~— 6 EFFECTIVE TURNS

4 EFFECTIVE TURNS

Large Gaps over Two Section Coil = May Need Symmetrical Gap
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Transformers for EMC - Fringing Effect B e

WURTH ELEKTRONIK

1. Coupling mode

2. Attenuation

« How Can We Compensate for Fringing?
an — Adjust Turns Ratio A
— Symmetrical Gap
— New Design with Smaller Gap
— Avoid Gap with Winding TAPL DETAIL

KEY LOCATES TERM. #1-5 SIDE

SA SB
FB
5
FA SC
) FC (» é
SD
FD, SE

FE
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Transformers for EMC - Internal Shields

Shield both Conducted and Radiated Noise
Copper Foil or Wound Magnet Wire?
Copper Foil Shields — Expensive, \Why?

— Must Build Shield

— Must be Cuffed with Tape

— Winding Machine Stopped to Apply
All Shields Take Away from Winding Area

Wl L Internal
Shield

F@
i

Wiirth Elektronik eiSos EMC 2009 ©
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Transformers for EMC - External Shields B e

WURTH ELEKTRONIK

* How Do External Shields Differ from
Internal Shields?

« Shield Radiated Noise ONLY!
« As Expensive as Internal Shields
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Transformers for EMC — Multi-layer Primary Termination — “leffE—=

WURTH ELEKTRONIK

D1

si— 1
T

* How does One Terminate a Multi-layer Primary?

« Terminate Start to Switch so Subsequent Layer/s . -
Shield High dv/dt Windings from outside world. \

S1

Nc Perfectly Fine )n

Fi if Consistent. ?

V0000000000000

Finish 1 ‘ 1 1 DSeC

S 2 1 [e
=== Start <

Increasing Voltage V =L di/dt
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Transformers for EMC - Y-Cap Termination B e

WURTH ELEKTRONIK

1. Coupling mode D1
2. Attenuation . Tr]- N
3. Emissions ? :i ‘ C1

4. Transformers

+

S1

*  Noise Couples Through the Transformer via C,,,
* Noise Seeks Path to Primary Circuit
Without Path, Noise May Become Conducted Emissions

What Can We Do?

« Y-Cap Across Transformer Reduces Noise Decrease Cww?
 Tune the Capacitor for Optimum Loss vs. Noise Reduction
» Capacitor Usually in the 2.2nF to 4.7nF range What Else Can We Do?

 Y-Caps to Transformer Terminals not on Switch nor on Diode
* Close to Transformer as Possible
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Transformers for EMC — Reducing C,,,, WE—-

1. Coupling mode

2. Attenuation
3. Emissions

4. Transformers

WURTH ELEKTRONIK

High Cww Causes Conducted Emissions

May Reduce Cww, but What Happens?

Leakage Inductance Increases

L, can be Controlled by Snubber but Efficiency and Cost Suffer
Balance Between Cww and Lkg

Wiirth Elektronik eiSos EMC 2009 ©




70
Transformers for EMC — Reducing Cww B e

WURTH ELEKTRONIK

1. Coupling mode

0000000000000 Conductive plates
|/
l y

3. Emissions
A
<1 g

4. Transformers 00000000000000

How Do We Reduce Capacitance? ‘ SR

«  Multi-section or Narrow Bobbin
— Reduces Area and Increases Distance

« Lots of Tape (' = ErE-D; (In =l units)
— Increases Distance d

* Reduce Dielectric Constants, How?
— No Potting Compounds or Varnishes
— Does Not Affect Leakage Inductance How is ngk Affected?
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Transformers for EMC — No Varnish or Potting B e

WURTH ELEKTRONIK

T . . . 20wy Ue
. Radiated Emissions
1. Coupling mode el
[1] Horizontal
2. Attenuation
Peak Limit
s - With Potting Material o
4. Transformers : F Meas Dist Im
' alls a ree viireren Spec it 1
-
an
Frequencies
Eilil
N *"4 -
+
1
B + * [
100 i ‘ & + +
+ + n
+
1
Hnequency:MHz
oo
Eilil 1mo 1mmon
Radiated Emizsions Template: G395002-stripeline emizsion
Filename: Data not stored
g E List of Debug Frequencies Debug Peak
1= & Mo |Frequency |Faw [Cable |AF Level |Measurement |Pol(Hgt|Azt |Limit  [kargin| Pazz| Comments s
) = MHz dBuy’ |Loss [dB dEuy’ | Type cm |Deg|dBuy [dE AFail 1
E | | E | L 41.6400 4700 10.4| -300[ 27.4|Peak[Scan] |H [100] 0] 242  3.2|Fai —
= &) 2 46.005| 421) 10.4| -300| 22.6/Peak[Scan] |H |[100] 0] 224 1| Fail
z 5 - = 3 54.738| 272 10.4| -300] 7.7F|Peak[Scan] |H [100] 0] 193 -11.6Pass
=] | Asssssment F‘”""ge- g 4 72195 311 105] 298] 11.7|Peak [Scan] |H [100[ 0] 150[ -32|Pass
% Debug Scan (:Pace‘lz EI B 115.360) 266 10.6) -29.8) 7.4|Peak[Scan] |H [100] 0] 18.0[ -7.5Pass
w L K i -
2 € Fomal Peak Test ~ (=28 = |B| 164.830) 374| 10.7| -295] 186|Peak[Scan] |H [100] 0| 18.0[  3.6[Fai
g4 3
= | T Both —
E
=
8 Eeqgin Azzessment

Library of Known &mbients
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Transformers for EMC - Small Designs -

WURTH ELEKTRONIK

1. Coupling mode

2. Attenuation

3. Emissions

s Why Build Smaller Designs?

* Build Smaller More Compact Transformers
 Smaller Transformers have less Parasitics
— Less Capacitance
— Smaller Leads (ie. Smaller Antennas)

— Smaller Gaps
— Less Leakage Inductance
 Less Conducted and Less Radiated Noise
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Transformers for EMC — Power Supply Et—

WURTH ELEKTRONIK

Current ©~==~=- ¥ Y-Cap

. Snubber

Trarsrormer

g (TN -1‘ ' : I sl W
_. C TR / [} it .
- . il ' ,'

Al WE-TI

W .
1| / iy % )
i' 0 URE (T Output Filter

A ]

ol ;
lulﬂ'ﬂ “oepliant
lg_,_. -
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Transformers for EMC — Schematic

Snubber

Current Compensated

WURTH ELEKTRONIK

Choke WE-FC (— cu
A1l 470 pF
338 100
T 13
Lo | S
L il i 412V,
i o c16 = Jag
1H483T | 1N40OT 1-&33pk—| Sn ——=20 RTN
W | [_‘H‘ J?Jﬂ +5 V.
- - 22A
(&7 =
, SHEI0 T ;
Jo.q
' * 1 ATH
c17
Cio =1
F— opF |# 2200 yF
Rid B G 1w
— Z. Eln: A8
| 250 WAL 4k o
L
JP2 VRS
Hia - pryssaas
AhF—AANy | 2a 1 BEW
A1 Rz 100 pF == c19 C
1 MET 1 Moz 400y 1.0pF
3 PEZE01-
Fi 220 nF ] LA k0
315A€ 275 VAC s'..:]‘;
BT1 < L adepedl
Lot o E:‘ A& £ R
1 196 kel 124 ki
o 1% 1%
o Al
Jied {0 b2
H o )
B0 - 265 i | o
VAC 220 nF
T S0
=X L
e L3 N = . 21
a1 % 10 kit
1%
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Transformers for EMC — Example 1 B e
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Fegel [dBUY]

LD S Sl e 0 B e B 5 Without Current

Compensated Choke
*With Adjusted Snubber
‘Without Adjusted Y-Cap

Peak

Avg.

Peak

DR A /i Avg.
R R
D’IEDP:: SD[E"JI«{ :5[][:211{: — :’H:“nﬂ Zl:%ﬂ SI:M | 5l:*u1 :Tl:*ﬂ: 'IDM | SDM:

Frequenz [Hz]
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Transformers for EMC — Example 2 B e

WURTH ELEKTRONIK

Fegel [dEUY]
100 e R S| S S : .With Current
: L : : A : ! Compensated Choke

*With Adjusted Snubber
‘Without Adjusted Y-Cap

Peak
Avg.
Peak
Avg.

EMC- Test Failed

0 : : A : : N : !
150k 300k 500k 1 ZM 3 ohd TR 10N 30M
Frequenz [Hz]
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Transformers for EMC — Example 3 B e

WURTH ELEKTRONIK

Fegel [dBELV]

100 ey e WWith Current
! 0 e ! e ! . Compensated Choke

‘With Adjusted Snubber
‘With Adjusted Y-Cap

R S e — Peak
e D e L o Avg,

O PP b o Peak

1 1 1 1 1 1 [ | 1 1 1 1 1 1 [ 1 1
' ' ' ' ' ' [ ' ' ' ' ' ' ' [ 1 1
' ' ' ' ' ' [ ' ' ' ' ' ' ' [ 1 1
' ' ' ' ' ' [ ' ' ' ' ' ' ' [ 1 1
8[:] --------------------------------- s Tl Tl il Rl did ol Bl Elilid alidi Ittt e s il Bl 1
1 1 1 1 1 1 [ | 1 1 1 1 1 1 1 [ 1 1
1 1 1 1 1 1 [ | 1 1 1 1 1 1 1 [ 1 1
' ' ' ' ' ' [ ' ' ' ' ' ' ' [ 1 1

Avg.

s S L T o a1 L s W

0 : A R : : A : !
150k 300k 500K 1h 2M 0 3M oh T T0M 30m
Frequenz [HZ]
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Transformers for EMC — Example 4

Fegel [dEWY]

100

50

-----------------------------------------------------------------------------------------------------

EMC- Passed |

0 : R S B
150k 2300k 500k

Frequenz [HZ]

T 26 SM ahd T 0N
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*With Current
Compensated Choke

Without Adjusted
Snubber

‘With Adjusted Y-Cap

Peak
Avg.
Peak
Avg.
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Transformer for EMC — Conclusion for this Supply -

WURTH ELEKTRONIK

1. Coupling mode

2. Attenuation
3. Emissions

4. Transformers

* Necessary to Pass
— Current Compensated Choke
— Y-Caps

* Not Necessary to Pass
— Optimized Snubber
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Applications WURTH ELEKTRONIK

ET CPU
R
vee [T /0 /O Stecke
converter f[fﬁ:,ﬂ
_'—.'_E = Oscillator N ah E:l.:'_. b
I : []
— H =
—— |

I+ A

|~ =.

- B

Unshielded
Long

Schutzleiterdrossel

Filtered con

KK\ AC/DC in/out
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You can reach us: o=

WURTH ELEKTRONIK

Tel:+1-605-886-4385
Fax:+1-605-886-4486

midcom@we-online.com
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