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Conducted Emissions and Susceptibility

Conducted Emission

Conducted emissions are electromagnetic emissions
propagated along a power or signal conductor, creating
noise. The noise is subsequently transferred to the

equipment. K é 3%\

Conducted Susceptibility

The conducted susceptibility is performed to determine
a device's ability to operate in the presence of an
external interference signal propagated via a conductor

¢ Susceptibility = A product must be reasonably insensitive to disturbances that are present
on the power system net in order to insure reliable operation of the product.




Poll

Conducted interference CAN’T enter electronic devices primarily through which?

Input Signal lines
Overhead lighting

Output signal lines

oS awp

Electrical power cords




6.1 Measurement of conducted emission

FCC Part 15 150KHz ~30MHz United States
CISPR 22 150KHz ~30MHz EU countries

Conducted Emission: Reglﬂatlon Field strength limits for conducted emissions per FCC Part
15 regulation and CISPR 22 regulation

FCC and CISPR 22 conducted emission limits
. FCC Class B Conducted EMI Limit
ol Measured with LISN CISPR Class B Conducted EMI Limit for LTE products

Class B
Voltage 60 (QP) | Frequency range Limits
dBpV) 56
ey 50\ Sl Quasi — peak Average Limit
i av) | Limits (dBuV) (dBpV)
150 Kiz 500 KHz 5 MHz 30 Mﬁzf 0.15t00.5 66 to 56 * 56 to 46*
0.5to 5 56 46

QP: Quasi — peak

AV: Average 5t030 60 50

*The limit decreases linearly with the logarithm of
the frequency in the range 150 kHz to 0.5 MHz



EMI emission testing:
Peak, Quasi-peak, and average measurement

_ o

continuous

modulated

pulsed — high duty cycle

_——

pulsed — medium duty cycle

-

pulsed — low duty cycle

P = peak, QP = quasi-peak, A = average



Poll

Quasi-peak values are always

A.

Equal-to or less-than peak values

B. Equal-to or less-than average values
C.
D. None of the above

Equal-to or greater-than peak values




Example of peak and QP detection

Emission from a signal with an 8 ps pulse width and 10 ms repetition rate

v v Tre2 [show CISR Pk Normdl [cex]

Peak Response

Quasi-Peak Response

-130.00 dém

> : 10000M% o Soun: 10001




Conducted Emission Test Example

if you pass peak, you will pass quasi-peak
V (dBuV) you pass p Y pass q p
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Conducted Emission Test Example

| okHz 30MHz
A\ 2
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Line Impedance
SPECTRUM @_/ Stabilization
ANALYZER Network
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Conducted Emission Test Example

RBW 9 kHz
CONDUCTED EMISSIONS 9kHz-30MHz Att 10 dB MT 1s PREAMP OFF
FREQUENCY 10.0005000 MHz
LEVEL AV 45.99 dBpV
e | ) ; ] )
15 0 10 20 30 40 50 60 70 80 90 105
ENSS015/@0t e 4R kiz FAIL |1 MHz 10 MHz
; J e e AT
mains lead Tdf |9 g daui',ne T PALE
1m length Iso dBuv S 2
| [[NORMATIVE] 1
excess lead 70 dBpv failine
i i - l QPK LIMIT
Vertical non-inductively bundled o8 BuV NI T
ertical [ ,
round plane as shown to < 0.4m length cirw [50 My LIND o) [T -Jvu\,:\m = | [[AVG LitiT
?wall of non-conducting 2Av || ! \ . +F - b QPK
screened table mains LISN Clrw |40 Cle K A AT 0D —_—
en(:lOSUI'e) 30 dBuy T "v \"\ - Note the step in RBW 5
| (more noise floor level for g
20 dBu‘vl bigger RBW)
il -
; 10 dBpV i
Ground plane 2m x 2m min  telecom port ISN seL || ‘| <
to test receiver Start 9.0 kHz Stop 30.0 MHz
S HGoeenaserneseees ¥
RBW = 200Hz RBW = 9kHz
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1.1 LISN (Line Impedance Stabilization Network)

* LISN is used for conduction, radiation, and susceptibility testing.
* LISN is inserted between the commercial power outlet and products’ ac power cord.

e —
phase phase
Neutral Hot
; neutral(N) LISN neutral(N) PRODUCT

N

Commercial
power system

/ E—
round z green(safety)
green(safety)

Spectrum
Analyzer




The line impedance stabilization network(LISN)

A. why use LISN?

1. The impedence seen looking into the AC power system wall outlets varies  L|SN
considerably over the measurement frequency range.

2. The measured data should be repeatable between measurement sites.

B. Three objectives for using LISN

1. Present a constant impedance to the product's power cord outlet over the
frequency range of the conducted emission test.

2. Prevent the conducted noise on the power system net from contaminating the
measurement.

3. Pass the 60Hz power required for operation of the product.




C. LISN Structure "

| I
S0pH | A
phase Ir
: T~  Pha
| S0pH |
=N '-‘-W\ i S
|l |neutra1 Iv
I T~ T e — 0-1n F | product
- | 1pF 1pF -= -
I
: sogg [t 4 |
| b _. i
| =
| =
Power systLl_m receiver |
Element Zoomz Zisoknz Z30MHz 50uH: Block external noise
50uH 18.8mQ2 47.1Q 9.42kQ 1pF:  Alternative noise path
0.1pF: Prevent DC overloading
0.1uF 26.5kQ 10.61Q 0.053Q 1kQ: Static charge path
1uF 2.7kQ 1.06Q2 0.0053Q 50Q: Input Z of S.A.
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LISN |

I
I SOuH | phase T
Structure ik i E==
| 48 :
=TT 3 | =
— | o1 o1 |neutral I
L7 WF T - L =5 || product
: : 50 Ilk 50 1k |
Esss !
: S 1
| I
I

1) for 60/50Hz system, the equivalent circuit of LISN is below, no effect
LISN

L - short
product C S open @ 60 Hz

POWER SYSTEM ™=




LISN

—
|
| k. | bhase I
Structure | T ; phase Ip
I ,—m :
= i I 8 | 2
als 1| I 0.1 o1 [neutral In
| 1pi‘_ _1,117 i = I product
i |
: : 50’% Ilk 502 kg |
oy I
| S L
| =
|
|
2) for 150kHz < f<30MHz L-——————————————~
— open open
(a) . 4 % O (b) O_‘_w phase
N +
See from power side /'— short 500 neutral
J_ Spectrum Anal erp 502 Vy
— o ¢ :% )
L —> open . : J_— Safety line
@ high frequencies
¢ > short See from product side

product

o prevent the current noise in power supply from flowing into product




/F_E.c/ Fischer Custom Communications, Inc.
LIS N 20603 Earl St., Torrance, CA 90503_Phone: (310) 303-3300 o Fax (310) 371-6268
_ E-mail: Sales@Fischercc.com e www fischercc.com
©2005 Fischer Custom Communications, Inc.

Typical Impedance vs Frequency chart

Schematic Diagram for the FCC-LISN-50-(XXX)-1-(XX) Mil-Std. 462 Rev. D/E for the FCC-LISN-50-(XXX)-1-(XX) Mil-Std. 462 Rev. D&E
60 Frequency (MHz)
To S Network Inductance
u To 50 Iy
Power EUT AT Maximum Current
Source ol
40 Voltage Opti
WE=— =——.25uF » . oltage Options
(1 To 50Q Termination E 30
]’ Or 50Q Input of o / Power Frequency
Measurement L
5Q§ § 1kQ Raceiver 20 P Number of Lines
1
= 10 .
it D Signal Lt
Circuit Diagram Output 0
Port
10 kHz 100 kHz 1 MHz 10 MHz
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1.2 Common and Differential-Mode Currents

PR T S

R D ¢ {

: — (phase)

)] el T

: % 500 « o (neutral)

LV, ! product

L 192N v ! Unintended.

| i i _ The green wire exists to

| / ¥ e 2 (green wire) provide a path for current at

LISN 7 a— 60 Hz in the event of a

______________________ ' 21c

R R R — ground fault so that the

<I>Ip=1Ic+Ip Ip = % (Ip — Iy) circuit breaker or the fuse of

—> the AC power can be blown.

Iy =Ic—1Ip

< 2 > The measured voltages are

1
1
2

Vn = 50(Ic —Ip)
o T




3) As opposed to radiated emissions
1. I. can be of the order of I, or exceed I}, in conducted emission.

2. I here is not the funtional 60Hz power line currents.

3.Generally, I, or Ip dominates in the C.E.

Vp = 501, } for g > Ip
Vi =501 Measured voltage in S.A.
Vp == SO(iC + iD)

7» = 500, o Vv = 50(; —Ip)
Py = =501, } for Ip » Ic

Need power supply filters! It contain components to reduce either /.. or I .




How Conducted Emissions are Created

MAINS | | @ j”% % LOAD
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Methods of reducing the common-mode contribution

to conducted emissions

SOURCE

AGGRESSOR

CULPRIT

* Reduce dV/dt

COUPLING
MECHANISM
PATH

e Optimize layout and placement

 EMI sources far from power supply cable

e Spread spectrum

LOAD
AGGRESSED
VICTIM

(c) A. Mediano

* Filtering inside of device (X-caps)
e Shielding (i.e. transformers)
Snubbers

* Etc.




Methods of reducing the common-mode contribution
to conducted emissions

Phase
-

Ie Neutral
-

iC L GwW LISN Phase Ak

y— AfWV\_I_
2l

Neutral { Ve /
v L i /
i 4
Lo B -
J T P SWM Zc, /iM)CF ]/\

/ //////// /etallicwallsof /

measurement site

Product

|

Zow=JWhaw

Method 1: a green-wire inductor Method 2: creating a two-wire product

(no green wire) I
22




Methods of reducing the common-mode contribution
to conducted emissions
Method 3: Use Snubbers

A snubber is a device used to suppress ("snub") a phenomenon such as voltage transients in electrical systems

. 4 i f‘ { h 4
;4 Vit ¥l b4 o
| Jdvv'\/\/\/\/\/\/\/\/\/vw SNUBBER
\’/ Vv « ° IN DIODE
ICh2) M 100ns A h2 J S.80V SNUBBER
IN MOSFET
".\ EEES BE R R TTch2 Mmax 1 ‘ LR T T ch2 Max
% ‘l*\‘ 32.2V : f""‘"\. "N 27.8V
“l 'i | ! i ]
’ (: ‘:
GE 10.0V ~—~M2.00us A Ch2 S 5.80 V]| @ 10.0V ~~M2.00us A Ch2 S 5.80 V|

© A. Mediano 10.00 % | © A. Mediano 10.00% : I
e e s B T A i v T B -




Methods of reducing the common-mode contribution
to conducted emissions

Method 4: CM and DM separation

AMP [dBpV]
20

——— QP
100 |- - AN b e bbb e
AMP [dBuV] ™M b
120 80
il QP
w| TOTAL . AVG & S
CM dominates - need common mode choke 80 o =
. . . <
DM dominates - need decoupling capacitor 60 i * )
e { =4
i 'y gl \ g %.01 0.1 1 10 100
40 @ f [MHz]
= AMP [dBuV]
20 <C 120
i L ap
0 i 100 |- LI il AVG
0.01 100
80
60 % g
40 [ i e %
=
20 i

»—
o
s L
o

N
N




Methods of reducing the common-mode contribution
to conducted emissions

Method 4: CM and DM separation

= Total measurements

.|

(c) A. Mediano

DM components
HmmlI” il
I
m!m

(c) A. Mediano

| DM components
'In n’ J\
ul;lrmi

(c) A. Median

BN LET




2 Power supply filters

Filters: Solution for conducted emissions!

Filter purpose

£ LN 1.- DESIGN PROPERLY
EMI :
(@e==p |EQUPMENT
MAINS & ’ || g
power) | 1 T 27N POWER | |etecTronic |
| FILTER L CIRCUIT i
m—.ﬁ =
EMI ;
entering ) _ ADD LOW PASS FILTER

To reduce conducted EMI to mains.

Problems

Size and cost.

How filter works
REFLECTION
Impedance mismatching.
No ABSORTION.

How to characterize
INSERTION LOSSES
(Zs and ZL influence).
Caution
Parasitics.
Saturation
V/I limits
Prediction of performance

Easier in DM than CM




EMI/EMC Measurements w/wo Filter

— WITHOUT
—rETER—

A. Mediano

CNAZITLU

AN

~ FILTER

w==CON FILTRO ====SIN FILTRO




Insertion Loss

Basic properties of filters

1. Insertion Loss (IL)

P
IL = 1010g10< L'W°>
PL,W

=

~ source load

VLZ,WO/RL> r—-—=—==-=

= 101lo
510 ( VLZ,W/RL

% Vs filter
= 20 log10 < L,WO>
V

Lw

28




Four simple filters

ob on
Series Z v Yo eﬁ”’t'
c
Y , o {} o
o o)
Low-pass High-pass
i c —r N — ot Wo, \(I ) =Y.
o T o o o o ” o o T — o
I £ o0
o) o el
band-pass band-reject

4 —
0t WD:‘)—ZE,- 2¢=0.

29




Re L
Exam P'ei Lowpass Filter

Ve Re
1). Viwo= ud vy VOL.
Rs+ Re
R 1
2 Viw= 'RZ A LR I+ jol v
+joL+ + +J
B ST O v R
.a)L 2 . )
3). IL=20log,, [+ J v =20log,, \/1+(wr) n, oot
2 L .
=10log,, [l+(arv) ] where T = R+ R, Time constant
3dB point of IL > w4y = 1/7 | =WT. pLL
From DC to 2 w345 IL: 0dB
® >> O34 IL: +20dB/decade — > f ‘

20 lﬁj[o (w T) .

30




o IL is dependent on the source and load impedance. Manufactures provide

freq. response plots of I.L. of a particular filter,with R;, = R, = 50 Q.

o But when the filter is used in the product and is tested for C.E.,what is R

and Rg?: /@L—* St
AT
Zin -

R;=50Q (impedance of LISN)
Rs=? (Looking back into product power input)

So,the data sheet is just for reference.




Insertion loss tests for differential mode and common mode.

o Manufacturers typically give separate IL test for I and Lo

phase
N 1e!
b
th, phasc 50 Q H}:}_lr%/"f\%
v o—/‘\;"'\&‘/\ Neu
<_ - P /\
é 0 Filter (£) ¥
\__,___—-Ne-un%
—| urwnﬁe
Green wire 0
I, test set up I test set up




3 A Generic Power Supply Filter Topology

Typical topology

Product

Al
/1

—)

7 _ el e~
The voltages that S.A measures are Vp =50U¢ +1p)
Vy = 5001, — )

need to be below the conducted emission limit




3.1 Effect of the filter elements on common-mode
and differential-mode currents

Product

1) Green wire inductor Egw#Block the commond-mode currents.
X || 60H: | 150Kz | 30MHz_

2) Co,Cor (Line-to-line capacitors): to divert the differential-mode currents. Z. (@) Pp— g e

3) Ce1,Cep (line-to gr(\)(md capacitors): to divert the common-mode currents. Zp (Q) 56.4k 22.6 0.11
Typical value for Cc and Cp.  Cc = 2200 pF, Cp = 0.047 pF. Cp>> C. Why?@ "“‘6 m‘ﬁjaﬁm pﬁr Tom.

@) lta.aaéaﬁe cnrvend




o The line-to-ground capacitors Cp and Ccg can be limited by

the leakage current specified by Regulatory standards (like
IEC 60950 or IEC 60364) for preventing the shock hazard.

o Example 1: Determine the maximum line-to-ground capacitance to satisfy a leakage
current requirement of 1mA for 60Hz in 120V power system.

7 1 .V A
¢ jwC, I=Z—C=ja)CCV
C. =/=%1073 (4)/(120(V)x2wx60(Hz)) = 5526pF.

Half of the maximum leakage current, Why?

o Example 2: Find the valid frequency range for C¢ to divert common-mode current.

Cc = 2200 pF.
at 1.45MHz, Z¢ = 50Q, Cc is valid for f > 1.45MHz.

_ | —
Ze=50() TwCe < Z= SoJL.




Common-mode choke to block the common-mode current

v,

Physical Model

coupling coefficient k =

O

Circuit Representation

Wl M C
—I__

o—— ——o0

M
JL1L2

_M
L

M ~L=> k=1




Differential mode

ID o L ]D Llcah:ge =L-M
O_>_/YYY'\—O O_>_/'YYY'\—O ~ . ~ . ~ . ~
" C - Vp = jowLly — joMIp = jo(L — M)ip
L L. =L-M
O_<_°Mwm—o o I e e W— o

—> Leakage inductance L — M

is due to the magnetic flux that leaks out the core and does not couple between the winding.

Common mode

]c . L IC L+ M R . R R
N VNN o o P = jwlie + joMi = jo(L + M),
M j
(: L L+M
O—p—2r O—p— Y
I, I,




Common mode

L L+ M
Ic o I,
O—»———Y Y O O—p— YY"
M — ;
C L L+ M
I, I,

V=ijIAC+jMIAC =jw(L+M)fc

Note: typically, L= M = 1 mH.

jo(L+ M) =0.75 Q. f : 60 Hz
=1,8850. f : 150kHz
= 0.377MQ. f : 30 MHz
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3.2 Equivalent circuit of the filter and LISN for common-mode curregs‘

Cmf_

—_
SO%ICCCL P

CCR
Product ‘ ]‘ i
CM Currents ‘
1 i L+M e
:LISN ‘Choke M L — Pf\m
c. 1 1 e
— W 50Q AN Car I,
2L, G W,
:@ ( he common-mode current reaching the LISN is determined b iVisi
IL- 20l le Ti1en/between the LISN/green-wire path and the line-to-ground capacitor C,.
1
Current I igN _ JoCcL
division Ienoke 50 4 iwdLow + wé Observations: 1. Green wire
CL

I 2. Cp must present

- 1 — w22LGwCCL +j(x)50CCL



Bold plot of I Ratio of the common-mode choke

I ratio o
l Breakpoint frequency 1 0dB/decade
Iusn joCcr 1 |
IChokc - : & I /() = :6195kHz : -40dB/decade
W ielleonr joCer ‘ 27/ 2LewCeL :
1
| |
~ 102 ewCa. +ioNCe. DC ~ f,: 0dB/decade : >
f, ~ : —40dB/decade fo f
For Lgw= 1 mH Cer = 3300pF LM =55mH  then Jo = 62 kHz
For  Lgw=0 Breakpoint frequency [ ratio
1 1 B | 0dB/decade
ILISN _ ijCL /‘] = ./‘l — 9()5 I\HL -20dB/d d
Tonoe 0 1 - 2750C —:’\ ecade
ijCL :
3 1 DC ~ f,: 0dB/decade !
"~ 1+4jw50Cc, fo ~00: —20dB/decade |

fo




Equivalent circuit of the filter and LISN for differential-
mode currents eﬂ\m

+ —— —_—

v, =50 f5s j, Cary :
o ™ : —'—
DL ™
\’rvvv\ :

LT
Ve $ 50Q 2y ™ Ca Carm 2 I
Lo Lo o S i a—

Z, (Q) 1.21M 482.3 'Y \ Y
Zp (Q) 56.4k 22.6 0.11 No [é}w i c%?

. X COT
Typical value for Cc and Co. Cc~2200 pF , Cp= 0.047 pF.

Con

w
DA
(2]
Y
2
=
=
@\
(]
]
\I

o




3.3 Separation of C.E. into common-and differential-
mode currents for i =ic + i

| Common-mode | Differential-

Differential-mode | »q—mode
component dominant component

component
dominant

dominant

1 |
150 kHz 1 MHz 30 MHz

At some freq. range,the I. 1s dominant.
At some freq. range,the I, is dominant.




4 Conducted Emission: Line Filter Design

How to design the values of the C and L in the power line filter?

The key is to understand the contribution of the common-mode and
differential-mode noise on the conducted emission.

A Diagnostic tool that can separate the total C.E. into its C.M. and D.M.
components at each frequency is useful for the filter design

| Common-mode I Differential-
—— mode
component —>|<—
dominant Component

Differential-mode
component dominant

otal

150 kHz 1 MHz 30 MHz 43




Approach to solve the C.E. problem:

1. Check out the freq. point that does not comply the regulations.

2. Determine if it is due to Ic or Ip.

3. If Ic, => then change the component values of Cc, Ly, or L in choke.
Increase the green-wire inductance

4. 1f iD, => then design the values of Cbr, Cor.
Increase the value of the line-to-line capacitance

Product




Example 1: Line Filter Design for Conducted Emission

No filter

Ne tral
Green
Filter wirm
. >
LISN Produrt
1-22 NO BUPPRESEJON COMPONENTS NEUTRAL
1-23 NO SUPPRESEION COMPONENTS DIFFERENTIAL~MODE o
1-24 NO SUPPRESSION COMPONENTS COMMON-MODE ~——— @m .~

\./ VV VYve s T TN V\/V )
v \yﬁ / \Mvivva v ~ 4__;\\\/T /

VNN

VAR
B—— L\\\.

FCC Part 15

-
Subpart J, Class B / {A"\m

s—— &

—

N
n

w L] R |

FREQUENCY (MHz)
Measured conducted emissions of a typical digital product separated into

differential- and common-mode components with no power supply filter
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Example 1: Line Filter Design for Conducted Emission

Phase l P :

é——
Add line-to-ground capacitances & M g’; c+C— I A
Bq'n’ % Bm ] T T Green

Z33()()p[: ~50Q at IMHz “hsn Produet
\ .

SVOC/ w=>| MHz.

Ze <50 SL .

Both common-mode and —?e{‘fﬂi\\%-——
differential-mode noise is reduced.

HERTTT S R TTT.

FREQUENCY (MHz)

AGURE 9.17 Measured conducted emissions of a typical product separated into
differential- and common-mode components with 3300 pF line-to-ground capacitors
added. 46




Example 1: Line Filter Design for Conducted Emission

| Cer.

Add line-to-line capacitance Cp

/7N

/

éCD Ccr=0.203 uF & 50Q at 15.7KHz

u/
Differential-mode noise is

decreased significantly

Common-mode noise is
unchanged

Phase

01 pF }=3300 pF ==
Neutral

-
LISN

1=14 CBR™. iwF { CON=DID0aF

113 CIR=, 1uF 1 COIIDF

1=18 CBR=, JuF, CERA=D 3t
.

3200 pF ==
Green
Filter wire
e
Product
NEUTRAY,
DIFFERCHTIAL 40DE ——— « =

TD ) \—\Nv—/‘/ '{

\
f\/ \ 1

|

o

RN

FREQUENCY (MHz)

AGURE 9.18 Measured conducled emissions of a typical product separated into
differential- and common-mode components with a 0.1 ¢k line-to-line capacitor added.




Example 1: Line Filter Design for Conducted Emission

Add ImH Green wire inductance

2|Zew| = 2wLey > 50Q at 4KHz

1.

Common-mode noise is
decreased significantly

Differential-mode noise 1s
unchanged

Phase

0.1 uF 5=mop=-=
Neutral

Low™
3300 pF
x’ oo Giaeh
Filter wire
—_—
T Product
13 CBR=, 14F| COR 32099 F | GRN MIRE INDUCTOR . pEUTRAL —————
1-7 CBRw. 1uFCCR=138pF | GRY MIRE nIF e
1-9 CBR=, 1uF)CCR=0300pF | GRN NIRK INDUCTOR COMPON-POTE = = = e
g Tp=Ipt I

o
N

o "
A
e ™

Iv= -Ip+1e.
; ;Sbcp:::‘l:scluu B \3 s
)\

3

F 1o .
1 11]

) L.} I

FREQUENCY (MHz)

FIGURE 919 Measured conducted emissions of a typical product separated into
differential- and common-mode components with a Green Wire inductor added.
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Example 1: Line Filter Design for Conducted Emission

ool Case .

Add common-mode choke(28mH) /” o m::fﬁr m— ZQN\: \J W (LTt N\)
T o Zpm ‘-::)W (L—m)
Differential-mode noise 1s 3 & inaimna i rarwione Ao T i

decreased significantly - k= —— —>|

[ S

Common-mode noise is mCVV—‘WW\ :

unchanged & \ o T -
o\Lre&Dt/ de(rtd] W/ Ip O\rvffFD\ £ e /\ Rk k<1

Why ? - 7
g« V, W‘*”je()'
7'~/\ —~ A -V

s Zom ™~ L-M %O

I?HI"SW LA

© FREQUENCY (MHz

FIGURE 920 Mcasured conducted emissions of a typical product separated into
diffcrential- and common-mode components with a common-mode choke added.




Example 2: Line Filter Measurement for Conducted Emission

Return

180° Combiner

Power Combiner BNC Cables Power Combiner BNC Cables

I I
| ZFSC-2-1W+ (500) | ZFSCJ-2-1+ (500)
! (0% ! (180°)
I I
| Vg eu=V1+V2 | Vg pm=V1-V2
1 I
N Type C t
Test Receiver = Bnge onnector Test Receiver = :Jgpe Connector
Experimental setup for measuring (a) Vi and (b) V.
50

https://www.analog.com/en/resources/analog-dialogue/articles/separating-common-mode-and-differential-mode-emissions-in-conducted-emissions-testing.html



Example 2: Line Filter Measurement for Conducted Emission

Test setup for measuring CM noise and DM noise.




Example 2: Line Filter Measurement for Conducted Emission

Conducted EMI Performance Conducted EMI Performance
(CISPR 25 with Class 5 Average Limits) (CISPR 25 with Class 5 Average Limits)
60 60
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2 - 2 T
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2 l 2
@ N @
'§ 10 E 10
L ——"‘\ £ 7”\“
< \ < u
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SRl |
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= Class 5 Average Limit = Class 5 Average Limit
-30 = CMEmission : -30 —— Total Emission
- Total Emission = DM Emission
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0.1 1 10 108 0.1 1 10 108
Frequency (MHz) Frequency (MHz)
Measured CM noise vs. total noise Measured DM noise vs. total noise

Conducted EMI Performance (CISPR 25 with Class 5 Average Limits)




Example 2: EMI Measurement after Re-design EUT

Conducted EMI Performance
(CISPR 25 with Class 5 Average Limits)

80 I I LI I I Tt
. . . . — Class5A Limi
Proposed CM noise mitigation techniques: 70 . Totl Emiseion. Original
60 =  Total Emission_with Improvement |
) ) Ambient
* Identify CM noise source S0

* Possible from high dV/dt signals in
switching circuit.

* Redesign power line filter

Amplitude (dBuV)
N
o
—
=
=
Z

* Increase Z.y by change the component 0 N == «
values of Cc, Ly, or L in choke -10 i o | i i \/P-"EDUC*{D
-20 _
-30 V=5l
-40
0.1 1 10 108
Frequency (MHz)

Conducted EMI Performance (CISPR 25 with Class 5 Average Limits) I
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5 Power Supplies

e The primary source of conducted emissions is generally
the power supply of the product.
* Linear Power Supply
* Switched-Mode Power Supply
 The most effective method for reducing conducted

emissions is to suppress them at their source.




5.1 Linear Power Supplies
14-— Rectifier —>|<——’¥VL—Regulator—53qL—>l<— Filter —>|

Phase d . + Vieg — L e
+ \ { ' +
YA
~=-y,

Vg 8 Vout

Neutral Vac
or C= C=
A Vgd
—
j;f:" . & ' A =
AC Pulsating DC Constant DC reduce “ripple”
V. =V -V ( vV LV = /l\) Pro: Clean;
out in re . .
s out 77 reg Vou Con: Bulky, inefficient.

[lustration of a linear, regulated power supply




5.1 Linear Power Supplies

* Pro: Clean;
* The transformer core 1s designed to operate at the commercial power frequency (60 Hz),
but is very inefficient at the higher frequencies where conducted emissions are measured.
* Not a strong source of high frequency signals themselves.

* Con: Bulky, inefficient.
» the transformer core that is used at the 60 Hz power frequency is typically very large and
heavy.
* Linear power supplies are not very efficient.




5.2 Switched-Mode Power Supplies (SMPS)

MOSFET gate input signal for a 100 kHz switching frequency
sw

(]

3 1
=
L £

N, + © 0.5
]
=
©

2 0O
o

o
-

+ + VYina — .
2 3 4
Ve (D 1 o R,V
de c— Rp Vin & » L L time in seconds -5
v t x 10
sSw
sz -
- Relative amplitude of load voltage Vi,

o 1.5 T T T
A DC voltage Vpc is modulated by Vgw = /\/\/\/\
at the gate of the MOSFET. \Z‘
X st’-- ]
V=D Wy g o : : : :
time in seconds -5

x 10

A simple “buck regulator” switching power supply Pro: Efficient, lighter in weight;
Con: High freq. noises.
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6 Conducted Immunity

Conducted immunity refers to a product’s resilience to electromagnetic
interference coupled in through its AC power cord.
* reduced by the product’s power supply and its power supply filter;
 the primary reason that conducted emissions are a problem is that
electromagnetic energy finds its way to the power distribution network
(a house, a building, etc.) where it is radiated and received by another
product.

Conducted immunity problems are primarily due to large wvariations or
transients on the power distribution network.
* Lightning, electromagnetic pulses (EMP) and power surges

Automotive industry
* EMI can couple into/out of an electronic module from its DC power lines,
bus lines, and sensor lines.
* inject current over a large frequency range on each input line to the
module




Conducted Immunity Military Regulations

* Low frequency conducted susceptibility
«  MIL-STD-461E, CS101, conducted susceptibility,
low frequency, 30 Hz to 150 kHz

* High frequency conducted susceptibility
«  MIL-STD-461E, CS114, conducted susceptibility,
high frequency, 10 kHz to 400 MHz

CS114 Maximum insertion loss for injection probes I

100, ==ooi—— s
10 \
£ \
=3
E 1
E
-
0.1 0.09
0.01 sk 150k
10 100 1k 10k 100k ™M
Frequency (Hz)
CS101 power limit for all applications
40 .
35 S\
.30 F
3
o 25
[7/]
S 2 \ . _
.5 5 f \\ Maximum Insertion Loss
3 ] e
£ 10 t /4.'~ s ]
5 | Recommended Minimum
F Insertion Loss
0.01 0.1 1 10 100 1000

Frequency (MHz)




Summary of Protection techniques

Many techniques are available for protection against conducted emissions.
Think Source-Path-Victim model:
* Source: reduce the noise being generated
* reduce dv/dt or di/dt
* snubbers
* source-side filtering
« Path: make it harder for noise to propagate
e common-mode choke
» ferrite bead
* shielding / grounding / cable routing
* Victim: reduce how much noise enters or affects the sensitive circuit
* input filter / decoupling capacitor
* RC, LC, or ferrite filtering
* common-mode filter on an interface
* shielding
* improve circuit immunity / increase noise margin




