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Abstract 
In an EMP f i l ter  there must  be some 
suppress ing components ,  such as TVS 
(t rans ient  voltage suppressor) or  MOV 
(metal  oxide var i s tor).  They play a 
very important ro le in control l ing 
t rans ient at  certain level .  On the other 
hand, both of  TVS and MOV have thei r  
defects ,  such as the f rangible 
over load capabi l i ty ,  huge t ransient 
energy may cause EMP f i l ters’  fai lure.  
We have invest igated some EMI f i l ters .  
In i t ia l  resul ts  show improving EMI f i l ter  
without suppress ing components  
exhibi ts  excel lent capabi l i ty in 
control l ing EMP. Feed-through f i l ters  
with larger capacitance can 
effect ively contro l  very high EMP 
ampli tude. 
 
Int roduct ion 
Engineers usual ly know how EMI 
control led by EMI f i l ters .  I f  some 
t ransient suppressors ,  such as MOV 
and TVS,  are added into these f i l ters ,  
they become EMP f i l ters  that can 
obvious ly reduce t ransient .  However,  
MOV and TVS have thei r  shortages.  For  
example, TVS l i fet ime i s  unl imited i f  
the surge remains within i t s  energy 
handl ing range. But  TVS can not 
handle much current .  I t  might  be 
damaged i f  the random transient 
energy exceeds much more than the 
handl ing level .  For  MOV in this  case,  
e lectrons tunnel  break through and 
conduct ion occurs  when i t  i s  c lamping 
the t ransient .  At maximum rated 
surges,  the granules heat and melt  
together .  Melted granules cannot 
reuni te to form z inc oxide. At last ,  the 
MOV i s  most ly  z inc and degrades,  unt i l  
short  ci rcui ts  happen. So thi s  k ind of 
EMP f i l ters  exhibi ts  potent ia l  t rouble.  In 
order to know EMI f i l ters wi thout MOV 
and TVS can control  EMP to a certain 
level ,  we have invest igated some EMI 
and feed-through f i l ters  as ment ioned 
bel low. 
 
Test  arrangement 

The test  set-up i s  shown in F ig.1.  
The tested EMI f i l ter  i s  instal led in an 

enclosure that i s  used for  insert ion loss  
test  according to requi rements  of  
CISPR No. 17 Publ icat ion. The input 
EMP ampli tude to the f i l ter  i s  suppl ied 
by an EMP generator  that maximum 
voltage i s  250kV. I t s  output 
peak-ampli tude can be adjusted by 
changing input voltage into the 
generator .  A voltage div ider  of  
water- res i stors  (R1 and R2) i s  a lso 
connected at output terminals  of  EMP 
generator .  They can do the further  
adjustment of  the input to the f i l ter .  
The input EMP of  the f i l ter  i s  through a 
proper attenuator and monitored by a 
digi ta l  osci l loscope. The output of  the 
f i l ter  i s  connected to the other  
channel of  the osci l loscope v ia the 
other proper attenuator .  Th i s  
osci l loscope observes and records al l  
information of  input and output of  
tested f i l ters .  And the same t ime data 
i s  t ransferred into a computer  for  the 
further  process ing.  The osci l loscope 
and computer  are located within a 
sh ie lding room and i ts  power supply i s  
connected to the power network 
through a shie lding room f i l ter .  Al l  
connected cables are shie lded 
coaxial  ones of  50Ω .  In order  to 
withstand the high EMP ampli tude, 
they are hardened. Thi s  set-up can 
control  the most  unwanted coupl ing 
f rom EMP generator .  

  
A general-purpose EMI f i l ter  test ing of  

A general-purpose EMI f i l ter  i s  
instal led l ike F ig.1. F ig.2 shows i ts  
insert ion loss  and network.  Th is  f i l ter  i s  
cons i sts  of  common mode inductors ,  
common mode capacitors  and 
di f ferent ia l  mode capacitor .  EMP was 
appl ied between L (or  N) and ground 
(the case of  the f i l ter) .  Al l  cables and 
connectors  were checked under the 
condi t ion of  10000VDC, 5s before tests  
started. The input and output of  thi s  
f i l ter  are recorded and shown in F ig.3. 
The EMP ampli tude of  1670V i s  loaded 
into the input and the recorded 
output i s  630V. There i s  evident delay 
between the 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
input and output  that can be seen
clear ly in F ig.3.  The suppress ing 
capabi l i ty of  thi s  f i l ter  i s  bad obvious ly.  
The main reason i s  that  common coi l s  
made on a ferr i te core that i s  
saturated. And the insert ion losses are 
gett ing worse and worse when heavy 
unbalance  surge  current  f lowed  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
through them. The other  reason i s  the 
coupl ing between input and output 
terminals  of  thi s  f i l ter .  When f requency 
is  gett ing higher ,  the coupl ing wi l l  be 
increased. Some energy of  i ts  input 

t ransforms to the output.  That i s  why 
the capabi l i ty of  control l ing EMP i s  
poor .   
 
An improving EMI f i l ter  tested 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The insert ion loss  and network of  an 
improved 250V/50-60Hz,  60A EMI f i l ter 
are shown in F ig.  4 .  The main 
di f ference f rom the general  purpose 
one i s   that   
two di f ferent ia l  mode inductors  are 
inserted into the network,  and 
feed-through capacitors  are instead 

 
 
Fig. 2 Insertion loss and network of a general-purpose EMI filter   

 
 
F ig  3  Inpu t  and ou tpu t  sampl ing  o f  F ig .2    

 
Fig. 4  Insertion loss and network of the improving EMI filter   

 
F ig .  5  Inpu t  and  ou tpu t  sampl ing  o f  F ig .4  
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of the di screte ceramic capaci tors  in 
the network of  F ig.  2.  Insert ion losses  
of  these f i l ters are much better  than 
the general  purpose one. The test 
set-up and instal lat ion are the same 
as the above test.  The  recorded  
data is   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
shown in F ig.5.  The input EMP 
ampli tude i s  3500V and output i s  380V.  
Th i s  suppress ion i s  much better  than 
the general-purpose EMI f i l ter  
because di f ferent ial  mode inductors  
can stand very heavy t ransient  cur rent 
and feed-through capacitors have 
excel lent performance over high 
f requency bands.  Al l  parameters  were 
checked and no any changes were 
found after  test ing. Th i s  test  shows 
that the elaborated EMI f i l ter  without 
any TVS or  MOV components can 
control  high EMP ampli tude to a 
certain low level also.  
 
Feed-through f i l ters  test ing of  
Are there any EMI f i l ter that could 
control  EMP ampl itude more 
effect ively? Although the improving 
one shown in F ig.4 has controled 
high EMP ampl itude into a low level ,  
there is  st i l l  a disadvantage because 
a direct coupl ing between input and 
output exists  in the instal lat ion shown 
in F ig.1. A part of EMP energy 
escapes from input to output without 
control  by the EMI f i l ter .  The EMP 
ampl itude at the output may be 
further improved i f  equipment 
shielding could be rearranged for 
separat ing the coupl ing between 
them. 
It  is  known that feed-through f i l ters 

are used widely in communicat ion, 
navigat ion, radar, aeronautical  and 
aerospace equipment, systems and 
so on. This  k ind of f i l ters has two 
s ignif icant advantages. The f i rst ,  
they have very good insert ion loss 
f rom high frequency into microwave 
bands. Secondly, i ts  case(shield) is  
perfect ly combined with shielding of 
the equipment i f  these are properly 
instal led. In doing so, input and 
output of feed-through f i l ter  can be 
separated and the di rect coupl ing 
between them is  minimized. They 
may control  EMP very wel l .  In order 
to evaluate the capabil i ty in 
control l ing EMP, two feed-through 
f i l ters  that are widely adopted in 
communicat ion systems were 
selected for the fol lowing tests.  They 
have the same dimension, but 
dif ferent parameters shown in F ig. 6.  
F ig. 7 displays the conf igurat ion of 
the feed-through f i l ter instal led in a 
shielding enclosure whi le being 
tested. I ts  input and output terminals 
are separated by a metal  plane for 
minimiz ing the coupl ing between 
them.  This  arrangement  basical ly  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Fig. 8 Input and output sampling of feed-through filter A 

 
Fig. 9 Input and output sampling of feed-through filter B 

C 1 = C 2 :  1 . 0µ F  f o r  A  
C 1 = C 2 :  4 . 7µ F  f o r  B  
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 F i g . 6  T h e  d i a g r a m  a n d  p a r a m e t e r s  o f  t h e  f e e d  t h r o u g h  f i l t e r  

F i g . 7  T e s t  a r r a n g e m e n t  o f  t h e  f e e d  t h r o u g h  f i l t e r s    



 
s imulates where circumstances as in 
appl icat ions, as they should pass 
through the wal l  of bui ldings or 
rooms and  with good contact  
with the  shielding metal of  the 
equipment or the wal l  when instal led. 
These results  are displayed in F ig. 8 
and Fig. 9 when f i l ter A and B are 
tested. The input EMP ampl itude is  
6912V and output is  300V for f i l ter A. 
Input 7440V and output 100V for 
f i l ter  B.  There is  extremely good 
suppress ion of EMP. At  the same t ime, 
the r i se t ime of their  output i s  great ly 
s lowed down and there is  obviously 
delay in contrast with the input. 
Because there is  the large 
capacitance in the feed-through 
f i l ters, test results  show that the 
capacitance is  larger, the 
suppress ion capabil i ty i s  better!  After 
these tests , al l  parameters were 
checked for changes which did not  
occur. 
 
Result  analys is  
The test voltage (an important 
parameter of EMI f i l ter)  of the 
feed-through f i l ter A is  2700VDC, 5s,  
and its breakdown voltage is  
est imated 3500VDC. I t  seems 
incredible to load 6910V loaded 
onto the feed-through f i l ter  A 
without damage! Actual ly, there is  a 
great dif ference between the 
standing maximum EMP ampl itude 
and DC test  voltage. We think that 
more high EMP ampl itudes could be 
loaded onto this  feed-through f i l ter .  
To prove this  idea, further study are 
needed. How can these 
feed-through f i l ters bear so high EMP 
ampl itude without breakdown and 
f lashover? One explanation is  that 
loading EMP ampl itude onto a 
feed-through f i l ter  can not suddenly 
change the voltage. The 
voltage-changing rate on a 

capacitor has to meet this  relat ion 
shown in the fol lowing  
 
 
 
 
∇V: voltage-chang rate on a 
capacitor;  
∇Q: electrons-charg rate into a 
capacitor;  
C: capacitance of a capacitor;  
R: EMP generator’s  res istance; 
I (t ) :  the charging current funct ion; 
V(t) :  EMP voltage funct ion. 
I t  can be seen form comparing F ig.8 
to F ig.9 that the capabil i ty in 
control l ing EMP of f i l ter B is  much 
better than f i l ter  A.  
 
Conclus ion 
EMP is  in jected into some EMI f i l ters 
to invest igate their  capabil i ty in 
control l ing EMP. I t  is  found that some 
elobarated EMI f i l ters  without TVS or  
MOV components have excel lent  
suppress ion capabil i ty.  When much 
higher EMP is  loaded onto these EMI 
f i l ters , in part icular feed-through 
f i l ters , they wi l l  reduce EMP to a very 
low level .  
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∇V=∇Q/C=        =  1 
C ∫ I (t )dt  

 1 
CR ∫ V(t)dt  


