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Introduction 

It is a well-known fact that the electro-magnetic interference (EMI) 
filtering differs considerably from ordinary filtering. Essential differences are 
as follows: 

1. EMI filters usually operate under mismatched conditions. The reason 
is that the line impedances are rarely known and vary widely for different lines 
to be filtered. In addition, the impedances usually vary in the frequency range 
of the stopband. These facts explain why conventional filter theory is of little 
value in the field of EMI filtering. 

2. Considerable ac or dc power has to be fed through the EMI filters. 
This means the energy level of signals to he passed 'with negligihle attenuation 
may he much higher than that of the signal to he considerahly attenuated. 
Thus saturation effects may he of importance. 

3. EMI filters have to operate over ILany - in some cases up to eleven 
- decades of frequency. Over such wide frequency ranges filter elements 
cannot he expected to behave as predicted and cannot be represented hy their 
lumped-circuit equivalents. 

4. The delay phase shift caused hy the filter is insignificant for most of 
the EMI filters. 

Facts listed under 1, 2 and 3 make ElVII filtering more difficult while 
the fact in 4 facilitates EMI filter design. 

The mismatched conditions can degrade the effectiveness of EMI filters 
and can result in dangerous effects. So the inserted filters may provide high 
gain in the stophand rather than the attenuation desired. 

This paper descrihes a method of eliminating the effects of the unknown 
line and load impedances. The basic feature of the method is that any type 
of filter has to he attached at the input and output terminals by a specific 
RL or RC two-port. Proper design of the components of these "isolating" 
two-ports provides the conditions ZG """ 0 and ZL """ co (Za - generator im
pedance; ZL - load impedance) for the filter independently of the real line 
and load impedances. 
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Method of eliminating the effects of the termination impedances 

The method will be illustrated on hand of a simple L-type filter; it '\Vill 
be seen, however, that it is applicable also in the case of more complex filters 
because only the two reactances (at the input and output terminals) are of 
importance for the method to be described. 

Let us consider the circuit shown in Fig. 1. If a high attenuation is desired 
in the frequency range (w1 ; w 2) where W 1 and W 2 are the lower and the upper 

L 

~~f: 
Fig. 1 

limit, resp. of the frequency range for the stopband then Land C must be 
chosen to satisfy the inequality 

1 2 
--<{ Wl 
LC 

(1) 

The dangerous effect of a mismatched situation can be illustrated '\Vith 
the follovving considerations. Be Za ~ 0 and ZL ~ co, then the attenuation is: 

Now, be Za ~ 0 and ZL = jwLL' Thus the attenuation becomes: 

A = 11 + fL (1 - w
2LLC) I 

If LL satisfies the condition 

L L L 
w~LC _ 1:S:;: L:S:;: wiLC _ 1 

(2) 

(3) 

(4) 

then the attenuation is zero at a certain frequency in the stopband and it 
means infinite gain! 

Similar problems arise if the impedance of the generator is capacitive. 
Obviously, if the reactances at the filter terminals meet equal reactances of 
the opposite sign at any frequency within the alleged stopband, then the 
effect of the filter ,vill be degraded. If the load and line impedances are reac
tances with the same sign as those of the filter at the terminals, then the effec
tiveness of the filter increases. 
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Now, let us attempt to eliminate the interfacial effects (resonances) of 
the load and line impedances by inserting a two-port between the line and the 
filter and between the load and the filter as shown in Fig. 2. The task is to 
determine the values of L 1, RI' C2 and R2 vvith the assumption that the atten
uation of the system at any values of ZG and ZL will not be less than that 
provided by the two-port in the center (the original L-type filter) under the 
ideal conditions Za = 0 and ZL "" co. 

ZG L Ll ZL 

CJ.~~=:J 
Fig. 2 

Assume that ZG and ZL can vary in the range 

0::;: Re ZG <: 

- co <: Im ZG <: 

- co <: Im ZL <: 

Output port 

Assume ZL = a + jb where 0 < a <: co and - co <: b <: =. Thus the 
impedance shown in Fig. 3 is: 

(5) 

Zl = a + jb 

Fig. 3 

The attenuation of the filter in the center practically does not decrease 
in the stopband if 

! Z(jw) I ~ :C (6) 
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or 

where 8 ~ 1. 
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I Z(jW) I:> 8_
1_ 

wC 

(7) can he ·written in the form 

( 
w2LjRl + )2 I ( wL1Rj + b)2:> 82_1_ 

w2Li + Ri a T w2£i + Ri W2C2 

(7) 

(8) 

It can he shown that the left side of (8) is at its maximum in the possible range 
of a and b for 

a = 0 

b = - wL1Rif(w2Li + Ri) 

leading to the inequality 

(9) 

Solving (9) we obtain 
(10) 

where 
2wL18 

11(W) = 2L C V 4£2C 4? w 1 + w 1 ~ - e~ 
(11) 

Iz(W) = ~~1 [w2L1C + V w4LjC2 - 482.] • (12) 

Thus 
(13) 

From the form of Il(W) and Iz(w) it is evident that 11 is at its maximum and 
12 at its minimum in the range (w1; wz) if w = W1 therefore 

Another inequality has also to be satisfied, that is 

w4LiC2. - 4e2 :> 0 
or 

(14) 

(15) 

(16) 

A third condition is also to be fulfilled, namely the output port, shown 
in Fig. 4, must have no considerable gain. If the maximum gain is required 
to be less than p, the inequality 

(17) 
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o : 
Fig. 4 

has to be satisfied. 
It is easy to show that the left side of (17) is at its maximum for 

a = 0 

b = -wL1 

and thus 

(18) 

The parameters of the "isolating" four-pole terminal have to satisfy 
the inequalities (14), (16) and (18). All conditions are featured by not contain
ing the upper limit of the frequency range of the stopband. 

Input port 

Let us assume again that Za = et; + j(3 where 0 <;; et; < co and 
- co <:: (3 <:::: co. 

The impedance sho·wn in Fig. 5: 

Z(jw) = (et; - w(3R2C2) ~ j(WX~2C2 + (3) 
l(l - w(3C2) + (jWet;C 2 T wR2C2) 

Fig. 5 

(19) 

The attenuation of the filter in the center practically does not decrease 
in the stopband if 

or 
I Z(jw) I ~ wL 

1 I Z(jw) I <-wL 
e 

(20) 

(21) 
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where 8 has the same meaning as in (7). 
Inserting (19) into (21) it is seen that the left side of (21) is at its maximum 

for 
cc = 0 

{3 = (1 + wz~q)/WC2 
hence 

(22) 

Solving (22) we obtain 

(23) 

Again, it is evident that W = W 1 gives the critical values. On the other hand, 
the following condition must also be satisfied 

w2LCz :> 28 
or 

Investigating the gain of the input port, R z must satisfy 

The left side of (25) is at its maximum for cc = 0 and (3 = -1/(wC2), thus 

1 
R 0 :> --=:--:;-;=::;,==:= 

~ W 1C2 V,u2 - 1 

(24) 

(25) 

(26) 

It is to be noted that (9) and (22) can also be derived in another way . We 
show it for (22) but the procedure is the same for (9). 

Let us transform the series circuit R 2C2 into a parallel circuit R*C*. 
Values of R* and C* are: 

R* = (1 + w2~q)/w2R2q 
C* = (1 + w2~q)!WC2 . 

(27) 

(28) 

The impedance of the generator can also be replaced as shown in Fig. 6. Thus, 

z= 1 
~ + _1_ + j ( __ 1_ + wc*) 
cc* R* {3* 

(29) 
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Z*~_l-
1 · ... r* Rl'+ )UJv 

Fig. 6. 

Z is at it maximal value if cx* co andj1* = -l/wC* and lZlmax = R*, hence 

the same as (22). 

R* 1 + w2R~q 
w2R 2Q 

1 
<:-wL 

e 

Practical design consideration 

(30) 

The above method of eliminating the line and load impedances is effec
tive only in the case if the required values of the components in the "isolating" 
ports are not too high in comparison "with the values of the components in 
the filter. Comparing the inequality (1) v.ith the inequalities (16) and (24) 
shows that Ll and C2 have not to be chosen generally greater than Land C. 
It means they meet the economical and practical requirements. The investi
gation of the conditions for RI and R2 shows that they can be satisfied unless 
e is extreme high and f.L extreme low. 

To illustrate the conditions above let us consider the follov.ing example. 
Fig. 7 shows a simple filter which provides min. 40 dB attenuation above 160 
kHz (w :::::; 106 S-I) if Za = 0 and ZL = co. Now, let us determine the elements 
of the isolating ports so that the attenuation does not decrease at any random 
value of the load and line impedances. 

L = lmH 

.r.,lOOOF 
Fig. 7 

Let us choose e = 10, f.L = 2 and W l = 106 S-I. Thus from (16) L 1 >- 2 . 
10-4 H. Be Ll = 3 . 10-4 Hand (14) and (18) yield: 

115 n <: RI <: 768 n 
RI <: 520 n. 
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From (24) C2 >- 2 . 10-8 F. Be C2 = 3 . 10-8 F, thus from (23) and (26): 

12.7Q <:Rz <:87.5Q 

19.3 Q <: R2 

Finaliy, if RI = 500 Q and R z = 50 Q and the filter is assumed to operate in a 
power line 'with a voltage of 220 V and to pass a current of 10 A then RI pas
ses a current of about 1.25 mA and R z passes a current of about 2.08 mA. 
This means that the dissipated power on them at the line frequency (50 Hz) 
is negligible. 

Conclusions 

This paper presented a method for eliminating the effects of the load 
and line impedances on the effectiveness of power line EMI filters. Using the 
proposed "isolating" ports the filter can be treated as if it would terminate 
at Za = 0 and ZL = co. This fact is of great importance since it alio,',Ts the 
application of the conventional filter theories. 

The calculation required for determining the elements of the isolating 
ports is very simple. Filters designed in the suggested way can be effectively 
used in practice. 

On the other hand, the theory presented here may be of use in designing 
lossy filters where RI and R2 are not lumped components but represent the 
magnetic and dielectric losses in the coil (inductor) and in the capacitor. 

Summary 

Power line EMI filters often operate under mismatched conditions. This leads to diffi
culties in the operation and design of EMI filters. A practical method of eliminating the degrad
ing effects of the mismatched conditions is outlined. RL and RC four-poles provide the elimi
nation of the effects of the load and line impedances if values of their components satisfy the 
conditions derived. 
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