
Reglatory agencies impose limits on conducted emissions for

   the reason that are placed on the commercial power system net.

The commercial power distributio

CH9 Conducted Emissions and Susceptibility

n system represents a large

   "antenna"system from which there conducted emission can

   radiate quite efficiently.

Susceptibility(C.S) = A product must be reasonably insensitive

  to disturbances that are present on the power system net in order 

  insure reliable operation of the product.



Conducted Emission: Regulation  

Limits for conducted disturbance at the mains ports of Class B

ITE

Limits

dB(mV)
Frequency range

MHz

Quasi - peak Average

0.15 to 0.5 66 to 56 56 to 46

0.5 to 5 56 46

5 to 30 60 50

Notes

1. The lower limit shall apply at the transition frequencies

2. The limit decreases linearly with the logarithm of the

frequency in the range 0.15 MHz to 0.50 MHz

f 150 KHz 500 KHz 5 MHz 30 MHz 

46 

48 

56 

60 

66 

50 

Measured with LISN 

Class B 

(QP) 

(AV) 

Voltage 

(dBmV) 



a.FCC                450KHz ~30MHz

  CISPR22         150KHz~30MHz

b.LISN : (Line Impedance Stabilization Network)

               is inserted between the commercial po

9 1 measurement of conducted emission-

wer outlet and products

               ac power cord.

Commercial 

power system 

LISN      PRODUCT 

    S.A. 

phase(RL)

neutral(N)

green(safety)

phase(RL)

neutral(N)

green(safety)



(1)the impedence seen looking into the ac power system wall outlets varies

    considerably over the measurement frequency range.

(2)T

9 1 1 The line impedence stabilization network(LISN)

a.why use LISN ?

- -

he measured data should be correlatable between measurement sites.

b.

(1)present a constant impedance to the product's power cord outlet over

    the frequency range of the

Three objectives for using LISN

 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.



product 

c. 
Pphase I

neutral IN
0.1 Fm0.1 Fm

1 Fm

50 Hm

50 Hm

50W
1kW

1 Fm

1kW
50W

receiver  Power system 

60Hz                         450kHz         30MHz          

                     

Element          Z Z           Z

50 H  18.8m          141.3              9.42k

0.1ɛF             26.5k           3.54       

m W W W

W W

                 

         0.053

1 F      2.7k             0.354              0.0053m

W

W W W



1  for 60/50Hz system , the equivalent circuit of LISN is< >

product 

LISN 

POWER SYSTEM 

   

   

L short

C open

= 

= 

 power flow pass the LISN

2 for 400kHz < f <30MHz< >

short 

open 

Power side 

open 

50W

V p

+

-
VN

+

-

50W

product 

phase 

neutral 

Safety line 

Receiver 

See from product side 

 prevent the current noise from

   flowing into receiver (S.A.)

 see the stable 

   50  in this freq range.W
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9-1-2 Common and Differentical-Mode Currents

products 

(phase)

(green wire)

(neutral)

50W

50W

ID IC IP

INIC ID

2IC

V p
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LISN 

      

P C D D P N

N C D  C P N

1
< 1 > I = I + I                           I = (I - I )

2

1
       I = I - I                           I = (I + I )

2

   

    

P C D

N C D

< 2 > The measured voltages are

       V = 50(I + I )

      V = 50(I - I )         

a. 



 

<3>As opposed to radiated emissions

      1. can be of the order or exceed  in conducted emission.

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

      3.Generally,  or  domin

C D
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       and
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      V = 50I    

 V = 50I

\

 

 

for   

       

. power supply filters contain components each of which is

   intented to reduce either   or  .

D C

N C

C D

I I

      V = 50I     

 

I I

b



a.There are no electronic products today that comply with the conducted

   emission regulatory requirements without the use of power supply filter.

b. Bsaic properties of filters

9-2 Power supply filters
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<2>Example:     Filter

                          (low pass)
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50ɋ

(3) I.L. is dependent on the source and load impedance.Maunfactures provide 

freq.response plots of I.L.of a particular filter,with RL=Rs= .

 

(4)But when the filter is used in the product and is tested for C.E.,what is  RL

  and Rs?

           

          RL=50ɋ (impedance of LISN)

          RS=?    (Looking back into product power input)

So,the data sheet is just for reference.



c d
Ĕ Ĕ(5) Manufactucers typicallty give separate I.L. test for I  and I  



9.2.2 A Generic Power Supply Filter Topology  
 
 

ÅTypical topology  
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b .Effect of the filter elements on common-mod  and differential-mod

 currents

1 . Green  wire  inductor  LGW: Block the commond-mod  currents.

2 . C ,C  (X-caps): to divert the differential-mod current

e e

e

e s.



() CL CE

CL CR

.3 . C ,C  :to divert the common-mode currents     

1. The C ,C  can be limited by the leakage current specified by UL 

(Underwriter Lab) for preventing the shock hazard.

Ex: UL limints the the leakag

 

( )

C D D C

-3

C D      

C   2200 pF , C  0.047 ɛF.  C  >> C

1
                     10 ( )  120( ) 2 60 5526 .

2

2. Typical value for C  and C .

3. The valid  freq. 

e current < 1mA  for 60Hz in 120V

 power system.
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C  = 2200pF.

   50 ,  C  is valid for      1.45 .

for C  to divert common-mode current

       

       at 1.45 ,

.

C
Z f MHzMHz = W >



()4 Common-mode choke:to block the common-mode current
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Leakage indutance.

   

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

between the winding.
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( )

c

Note: typically,     1 .
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().Separation of C.E. into common-and differential-mode currents for 

diagnostic

c



C D

C

(3) Approach to solve the C.E. problem:

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

Ĕ Ĕ     2.Determine if it is due to I  or I .

Ĕ     3.If  I , => then change the component C

D DR DL

values of   C ,LGW,or L in chock.

Ĕ     4.If  I ,=> then design the values of  C  ,C .



Conducted  Emission : Line Filter Design  

How to design the values of the C and L ? 

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  



Conducted  Emission : Line Filter Design  

Device to separate the C.M. and D.M. noise 

2

2
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V V V

V V V
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Conducted  Emission : Line Filter Design (example)  

SMPS + filter 

No filter 



Conducted  Emission : Line Filter Design (example)  

Add Y capacitances 

3300pF < 50ǹ at 1MHz 

Both common-mode and  
differential-mode noise is reduced. 



Conducted  Emission : Line Filter Design (example)  

Add X capacitance 

0.1uF < 50ǹ at 20KHz 

Differential-mode noise is  
decreased significantly 
 
Common-mode noise is  
unchanged 


