CH9 Conducted Emissions and Suscepty

AReglatory agencies impose limits on coakd emissions for
the reason that are placed on themential power system net.

AThe commercial power distribunicsystem represents a large
"antenna"system from which there cantitd emission can
radiate quite efficiently.

ASusceptibility(C.S) = A product must beasonably insensitive
to disturbances thare present on the power system netrden

Insure reliable operation of the pradu



Conducted-Emission; Regulation

Limits for conducted disturbance at the mains ports of Class B

1. The lower limit shall apply

frequency in the range 0.1

ITE
Frequency rang Limits
MHz dB(nV)
Quasi - peak Average
0.15t0 0.5 66 to 56 56 to 46
0.5t05 56 46
5 to 30 60 50
Notes

2.The limit decreases linearly with the logarithm of

at the transition frequencies

5 MHz to 0.50 MHz

Measured with LISN

66
Class B
60[—
Voltage (QP)
(dBmv) 56
50—
28— (AV)
a6

v

150 KHz 500 KHz 5 MHz

30 MHz



O- 1 measurement of conducted emission

a.FCC 450KHz ~30MHz
CISPR22 150KHz~30MHz

b.LISN : (Line Impedance StabilizatiorelNvork)
IS Inserted between tlwromercial paver outlet and produc

ac power cord.

phase(RL

s neutral(N’
Z

green(safety

LISN

phase(RL

neutral(N’

Zéreengsafet)

N

Commercial
power system

S.A.

PRODUCT




9- 1 -1 The line impedence stabilizationwetk(LISN)
dwhy use LISN ?
(1)the impedence seen looking into tlsepawer system wall outlets varies
considerably over the measuremeeatfrency range.
(2)The measured data should be correlathbtereen measurement sites.
b.Three objectives for using LISN
(1)present a constant impedance to tloelpct's power cord outlet over
the frequency range of tkenducted emission test.
(2)prevent the conducted noise on thevposystem net from
contaminating the measurement.

(3)pass the 60Hz power required for giem of the product.



—
C. |
| >orm phaseAd
| T~ «
I 50mH
T IS ——
J_ neutral ik
L 0.7 0.17F L
— 1nF 1nF - - - -
| eon | ]
| sow = [K 5@/% Lo
— |
S L
Power $ystem receiver |
l _ _
Element @hHz Z450kHz 3dMHz
50rmH 18.8nwW 141 N3/ ok4 1V
0.1t F W w 2 60.058\k

1k 2.7kV 0.334/ 0.0053W

product




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

_LISN __
__\: | L= - short
: product C= - open
|
—_ ]
POWER SYSTEM ——

- power flow pass the LIS
<2 >or 400kHz < f <30MH.:

L open
(1) T /‘E;ml_o:m: A prevent the current noise frc

Power side | 22 flowing into receiver (S.A.)

open

(2) x phase
ﬁ + A see the stable
SO\Né neutral oroduc

_ v, 50N in this freq rang
Receiver 5 VN
o i 0"%

— Safety line

N

See from product side



O0-1-2 Common and Differentical-Mode Cents

o Ic p
< < < hase
a. R L (p |
+ lc Io In
%50\N aee « < (neutral)
Vo
; SOV vy products
/ — . (green wire
LISN - 2lc
r . . A1 A A
<1>lp=lct+lp [|>=§(|>-l\|)
A —> . 1 ~ =~
N =lc-Ip d =é(|P+||9

< 2 > The measured voltages at
Wb =50(k + o)
W = 50(k - Ib)



<3>As opposed to radiated emissions
1lc can be of the order or excdedn conducted emissio
2o here is not the funtional 60Hawer line currents.

3.General|§p ofo domites in the C.E. .

\  Vrp=50Ic for Ic =1 o
T/E?tsoic}

and
\7;:\50Alc} for Io »lc
W =50k

b power supply filters contain componewr®ch of which is

intented to reduce eithetc b



9-2 Power supply filters

a.There are no electronic products totdat comply with the conductec

emission regulatory requirements woitth the use of power supply filt
r r
Rs | |

ol
A4

b. Bsaic properties of filters |
<1>Insertion Loss | o |
Vs Vi ,I/I/L %RL I

- |

| — —

PL, o

IL =10 |Oglo(

) source load
L, W

>/L wl R ) Rs
\ﬁ_ WIR

-
ol
+

L, WO VS f|lter VL,I/'/!) RL

= 20logw )

=10log

load



<2>Example: Filter O—r 0

(low pass)

0 0
1. Vi,w0= R Vs
Rs+ R
2. VL,w0= W EL R \VS _RSR-R_ jl/l/Ll Vs
L
J 1+ 1R

3. IL = 20logs

J VA
1+———| =220lo 1 t
Rs + RL‘ @\/ “ 2)

= 10log. 1+W t) wheret =

Rs+ R



(3) I.L. is dependent on the source &wall impedance.Maunfactures provi
freq.response plots of I.L.of a partiadfilter,with RL=Rs50q .

(4)But when the filter is used in thegoluct and is testefor C.E.,what is Rl
and Rs?

RL=5@ (impedance of LISN)
RS=? (Looking back into mhact power input)

So,the data sheet is just for reference.



(5) Manufactucers typicallty give sepad L. test for% ancEdI

phase

500)

phase phase 50 () | M
— !

Filter Newiral

N
—+ o
T
N
<>
+

. 500
< 500) Filter

- EV.
Neutral

(Green wire

(reen wire

(f; test set-up)



9.2.2°A’'Generic Power Supply Filter Topolagy

A Typical topology

LISN | o o .W_. . PHASE
— b (L c,
o o 'mg\—o ®
L

CCL CCL CCR CCR

+ PRODUCT
5 Vy
iCl _
L




(b) .Effect of the filter elements on commmoce and differential-moe
currents

(1). Green wire inductor LGW: Block ttemmond-mod currents.
(2). G, .Gr (X-caps): to divert the differéatmode currers.



(3). G .G :to divert the common-mode curen

1. The ¢, ,Gr can be limited by the leakagerent specified by Ul
(Underwriter Lab) for preventing the stlohazard.

Ex: UL limints the the leakagcurrent < ImA for 60Hz in 120V
power system.

C. < % 310 A/) 120( )32 %Mz 5526

2. Typical value for C and C .
C. © 2200pF, G © 0.049F. C, >>C

3. The valid fregfor C. to divert common-mode current
C. = 2200pF.
at1.4MHz Z. = 50W G isvalidfor f > 1.48Hz .



(4) Common-mode choke:to block the commaordcurren

O O
u (high)
a. high u
b. on the .
same core 2 = — . LAANS
o M
N e
O € o— —0




I, L I, L - M

o A A AT © WY U aman
M< —

O VYT Ty O VTV Y Ty
I, L L, L - M

g . g.
V= jull.-j |

%)

D

_ /]
= jw(lL -M)I,
Y Leakage indutance.

IS due to the magnetic flux that leaks the core and does not couj
between the winding.



z _ g %)
V = jullc 4 .

@
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(c).Separation of C.E. into common-and eliintial-mode currents fc
diagnostic

(1)

100K H= 1MH= 30MH=
| v common-mode

| dominant !

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



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

1.Check out the freq. point that caomt comply the regulations.
2.Determine if it is due t%l ggl :

3.1f E_'E => then change the compahealues of C ,LGW,or L in choc
4.1f ED ,=> then design the values G, ,C,, .



Conducted: EmissionorLine 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

. | Common mod- i mmrontlal
Differential-mode i
[ —ﬂ'ﬂ—oomponem ‘—Dr!-
.. com; t dominant
ponen n dominant enm nent

1 - -dom inant

. 150 kHz 1 MHz 30 MHz

+FGURE 913 Tllustration of the important observation that one component of current

Tmaydommawtheothuoverapamcularﬁequmcyranguofthemnductedmsnon
;test- In order to reduce the total conducted emission, the dominznt component must
“be reduced.



Conducted: EmissionorLine Filter Design

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

+
820 Vo= Vp+ U
o
+0
2 ?c or 2 QD 1:1
— +
[o T e —
820 V=i,
Switch
-——— To DPDT
spectrum To LISN
analyzer

AGURE 9.14 Schematic of a device to separate the common-mode and differential-

mode conducted emission contributions.
FIGURE 9.15 Photograph of the device of Fig. 9.14.




Conducted:/ EmissionorLine Filter Design: (example)

SMPS + fllter Neutral

/ Green
No filter e e

e —
LISN Product

t=g¢ NO BUPPREGRION COMPOMENTS
{=23 HO GUPPRESSICH COMPONENTS DIFFERENTIAL~MODE =+ —
1=Z4 NO BUPPRESBION COMPONENTS COMPON=HODE ———— = — e

Subpart J, Cluss B

I O O O

FREQUENCY (MHz)

FAGURE 916 Measured conducted emissions of a typical product separated iato
differential- and common-mode components with no power supply filter.



Conducted:/ EmissionorLine Filter Design: (example)

Phase
. / 3300 pF ==
Add Y capacitances - REe
3300 pF
T Green
Filter wire
3 3 O O p F < 1'\/5"@ h a t LISN Product
“1n con-zsvmr BtrreReTIRL-vomE, —— - ——
1-17 CGR-I3BEpF COMMON-HODE e

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

A O B W

FREQUENCY (MHz}

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



Conducted: EmissionorLine Filter Design: (example)

Add X capacitance /

0. 1uF < 20KHzn| a't

Differential-mode noise is
decreased significantly —

Common-mode noise is
unchanged




