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METALLIC COMMUNICATION  CABLE TEST METHODS –  

 
Part 4-1 0:  Electromagnetic compatibi l i ty (EMC)  – Transfer impedance  
 and  screening  attenuation  of feed-throughs  and  electromagnetic  

 gaskets  – Double  coaxial  test method  
 

FOREWORD 

1 )  The  I n ternati onal  E lectrotechn i cal  Commiss ion  ( I EC)  i s  a  worl dwide  organ ization  for standard ization  compris i ng  
a l l  n ational  e l ectrotechn ical  commi ttees  ( I EC National  Comm i ttees).  The  object  of I EC i s  to  promote  
i n ternati ona l  co-operation  on  a l l  q uestions  concern i ng  standard i zati on  i n  the  e l ectri cal  and  e l ectron ic fi e l ds.  To  
th i s  end  and  i n  add i ti on  to  other acti vi ti es,  I EC  publ i shes  I n ternational  Standards,  Techn ical  Speci fi cati ons,  
Techn ical  Reports ,  Publ i cl y Avai l abl e  Speci fi cati ons  (PAS)  and  Gu ides  (hereafter referred  to  as  “ I EC  
Publ i cation (s )” ) .  Thei r preparation  i s  en trusted  to  techn ical  commi ttees;  any I EC  Nati onal  Commi ttee  i n terested  
i n  the  subj ect  deal t  wi th  may parti ci pate  i n  th i s  preparatory work.  I n ternational ,  governmental  and  non -
governmental  organ izations  l i a i s i ng  wi th  the  I EC a l so  parti ci pate  i n  th i s  preparation .  I EC col l aborates  cl osel y 
wi th  the  I n ternational  Organ i zation  for Standard ization  ( I SO)  i n  accordance  wi th  cond i t i ons  determ ined  by 
agreement between  the  two  organ i zati ons.  

2)  The  formal  decis ions  or ag reements  of I EC on  techn ical  matters  express,  as  nearl y  as  possib le,  an  i n ternati onal  
consensus  of opi n ion  on  the  rel evant  sub jects  s i nce  each  techn ical  commi ttee  has  representati on  from  a l l  
i n terested  I EC National  Committees.   

3)  I EC Publ i cations  have  the  form  of recommendations  for i n ternational  use  and  are  accepted  by  I EC National  
Commi ttees  i n  that  sense.  Whi l e  a l l  reasonable  efforts  are  made  to  ensure  that  the  techn ical  content  of I EC  
Publ i cations  i s  accu rate,  I EC  cannot  be  hel d  responsi ble  for the  way i n  wh ich  they are  used  or for any 
m i s i n terpretation  by any end  u ser.  

4)  I n  order to  promote  i n ternational  u n i form i ty,  I EC National  Comm i ttees  undertake  to  app ly I EC Pub l i cations  
transparentl y to  the  maximum  extent  poss ible  i n  the i r national  and  reg i onal  publ i cati ons.  Any d i vergence  
between  any I EC Pub l i cation  and  the  correspond i ng  national  or reg i onal  publ i cati on  shal l  be  cl earl y i n d icated  i n  
the  l atter.  

5)  I EC i tsel f d oes  not  provi de  any attestation  of conform i ty.  I n dependent  certi fi cati on  bod ies  provi de  conform i ty 
assessment  services  and ,  i n  some  areas,  access  to  I EC marks  of conform i ty.  I EC i s  not  responsi ble  for any 
services  carri ed  ou t  by i ndependent certi fi cation  bod i es .  

6)  Al l  u sers  shou ld  ensure  that  they have  the  l atest  ed i ti on  of th i s  publ i cati on .  

7)  No  l i abi l i ty shal l  attach  to  I EC  or i ts  d i rectors,  employees,  servants  or agen ts  i ncl ud ing  i n d ivi dual  experts  and  
members  of i ts  techn ical  comm i ttees  and  I EC  Nati onal  Commi ttees  for any personal  i n j u ry,  property  damage  or 
other damage  of any natu re  whatsoever,  whether d i rect  or i nd i rect,  or for costs  ( i ncl ud i ng  l egal  fees)  and  
expenses  ari s i ng  ou t  of the  publ i cation ,  use  of,  or re l i ance  upon ,  th i s  I EC Publ i cati on  or any other I EC  
Publ i cations.   

8)  Atten tion  i s  d rawn  to  the  Normative  references  ci ted  i n  th i s  publ i cation .  Use  of the  referenced  publ i cations  i s  
i nd i spensable  for the  correct appl i cati on  of th i s  publ i cation .  

9)  Atten tion  i s  d rawn  to  the  poss ib i l i ty that  some of the  e l ements  of th i s  I EC Publ i cation  may be  the  subject  of 
paten t ri gh ts.  I EC shal l  not  be  hel d  respons ibl e  for i denti fyi ng  any or a l l  such  paten t ri gh ts .  

I n ternational  Standard  I EC  621 53-4-1 0  has  been  prepared  by I EC techn ical  committee  46:  
Cables,  wi res,  wavegu ides,  R.F .  connectors,  R. F.  and  m icrowave pass ive  components  and  
accessories.  

Th is  second  ed i ti on  cancels  and  replaces  the  fi rst ed i ti on  publ ished  in  2009.  I t  consti tu tes  a  
techn ical  revis ion .  

The  main  techn ical  changes  wi th  regard  to  the  previous  ed i ti on  are  as  fol l ows:  

– add i ti on  of a  new clause  that describes  a  procedure  for veri fication  of the  measurement set-
up  and  further i n formation  regard ing  sample  preparation ;   

– add i ti on  of a  new Annex that describes  how to  improve measurement certa in ty i n  the  very 
l ow frequency area.  

The  text of th is  s tandard  i s  based  on  the  fo l lowing  documents:  
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FDIS  Report  on  voti ng  

46/563/FDIS  46/580/RVD  

 
Fu l l  i n formation  on  the  voti ng  for the  approval  of th is  s tandard  can  be  found  i n  the  report on  
voting  ind icated  in  the  above  table.  

Th is  publ ication  has  been  drafted  i n  accordance wi th  the  I SO/IEC  D irecti ves,  Part 2 .  

A l i s t of a l l  parts  of the  I EC  621 53  series ,  under the  general  ti tl e :  Metallic communication 
cable test methods,  can  be  found  on  the  I EC websi te.  

The  committee  has  decided  that the  con ten ts  of th is  publ ication  wi l l  remain  unchanged  unti l  
the  stabi l i ty date  ind icated  on  the  I EC websi te  under "h ttp: //webstore. iec. ch "  i n  the  data  
re lated  to  the  speci fic  publ ication .  At  th is  date,  the  publ ication  wi l l  be   

•  reconfi rmed ,  

•  wi thdrawn ,  

•  replaced  by a  revised  ed i ti on ,  or 

•  amended .  

A b i l ingual  vers ion  of th is  publ ication  may be  i ssued  at  a  l ater date.  

 

IMPORTANT – The  'colour inside'  logo on  the  cover page of th is  publ ication  ind icates  
that i t  contains  colours  which  are  considered  to  be  usefu l  for the  correct  
understand ing  of i ts  contents.  Users  shou ld  therefore  print  th is  document using  a  
colour printer.  
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METALLIC COMMUNICATION  CABLE TEST METHODS –  
 

Part 4-1 0:  Electromagnetic compatibi l i ty (EMC)  – Transfer impedance  
 and  screening  attenuation  of feed-throughs  and  electromagnetic  

 gaskets  – Double  coaxial  test method  
 
 
 

1  Scope 

This  part of I EC  621 53  detai ls  a  coaxia l  method  su i table  for determ in ing  the  transfer 
impedance  and /or screen ing  attenuation  of feed -throughs  and  electromagnetic  gaskets .  

The  sh ie lded  screen ing  attenuation  test set-up  accord ing  to  I EC 621 53-4-4  (triaxia l  method)  
has  been  mod i fied  to  take  i n to  accoun t the  particu lari ties  of feed- throughs  and  gaskets .  

A wide  d ynam ic and  frequency range  can  be  appl i ed  to  test even  super screened  
feed-throughs  and  gaskets  wi th  normal  i nstrumentation  from  l ow frequencies  up  to  the  l im i t  of 
defined  transversal  waves  i n  the  coaxia l  ci rcu i ts  at  approximatel y 4  GHz.  

2  Normative references  

The fol l owing  documents,  i n  whole  or i n  part,  are  normativel y referenced  i n  th is  document and  
are  i nd ispensable  for i ts  appl ication .  For dated  references,  on l y the  ed i ti on  ci ted  appl i es .  For 
undated  references,  the  l atest ed i ti on  of the  referenced  document ( i nclud ing  any 
amendments)  appl i es .  

Void .  

3 Terms and  defin i tions  

For the  purposes  of th is  document,  the  fo l l owing  terms  and  defin i ti ons  apply.   

3. 1   

operational  (Betriebs)  transfer function  in  the  forward  d i rection  B21H   

operational  (Betriebs)  scattering  parameter 21S  

quotient of the  reflected  square  root of power wave fed  i n to  the  reference  impedance of the  
ou tpu t of the  two-port and  the  un reflected  square  root of the  power wave consumed  at the  
i nput of the  two-port  

EXAMPLE  (see  F i gu re  1 )  
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Key 

E
1
,  E

2
  network anal yzer at  i npu t,  ou tpu t  

respecti vel y  

V
i 1
,  V

i 2
 i nci dent  square  root  of complex power waves  

(see  note)  at  i npu t  and  ou tpu t,  respecti vel y  
Z
A ,  ZB  reference  impedance  at  i npu t  and  ou tpu t  

respecti vel y  

V
r1
,  V

r2
 refl ected  square  root of complex power 

waves  (see  note)  at  i npu t  and  ou tpu t,  
respecti vel y  

I
1
,  I

2
 cu rrent  at  i npu t  and  ou tpu t,  respecti vely  Z

1
,  Z

2
 impedance  at  i npu t  and  ou tpu t,  respecti vel y  

U
1
,  U

2
 vo l tage  at  i npu t  and  ou tpu t,  respecti vel y   

Figure 1  – A two-port  

Note  1  to  en try:  Complex power i s  the  product  IU ⋅ .  Apparen t  power i s  the  product 
∗⋅ IU ,  wh ich  i s  used  i n  

e l ectri cal  power techn i que,  where  the  ang le  between  the  vol tage  and  current  i s  of i n terest.
∗I  I s  the  complex 

con jugate  of the  cu rren t I .  

S21  or HB21  i s  the  operational  (Betri ebs)  transfer function  i n  the  forward  d i rection  defi ned  as  fol l ows:  

B21
B

A

1

2

0i1

r2
21

2

i2

H
Z

Z

E

U

V

V
S

V

===
=

 

See Annex C  of I EC TR 621 52: 2009.  

3.2   
transfer impedance  
equ ivalent ci rcu i t  of the  measurement of a  feed-through  or gasket,  shun t impedance ZT  

between  the  primary and  secondary ci rcu i t  

EXAMPLE  The  transfer impedance  of an  e l ectri cal l y short  screen  i s  defi ned  as  the  quoti en t  of the  open  ci rcu i t  

vol tage  2U  i nduced  to  the  secondary ci rcu i t  by the  current  1I  fed  i n to  the  primary ci rcu i t  or vi ce  versa.  See  

F i gu re  2 .  

TZ  of an  e l ectri cal l y short  screen  i s  expressed  i n  Ω  or decibel s  i n  re l ati on  to  1  Ω .  

 

ZT  Zo,  l Zo,  l 

I1  

U2  

IEC 

 

Figure 2  – Equ ivalent  ci rcu i t  of the  test set-up  and  defin i tion  of ZT  

 1

2
T

I

U
Z =  (1 )  
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3.3   
operational  (Betriebs)  attenuation  
the  quotient  of the  unreflected  square  root of power wave fed  i n to  the  reference impedance of 
the  i nput  of the  two-port and  the  square  root of the  power wave consumed  by the  l oad  of the  
two-port expressed  i n  dB  and  rad ians  

Note  1  to  en try:  See  I EC TR 621 52.  

3.4   
screening  attenuation   

sa  

l ogari thm ic ratio  of the  i ncident (unreflected)  square  root of power wave  fed  i n to  the  nom inal  
impedance of the  primary ci rcu i t  of the  test set-up  and  the  period ic maximum  values  of the  

square  root of power wave r2V ,  max  coupled  i n to  the  secondary ci rcu i t of the  test set-up  when  

i ts  characteristic  impedance  oZ  i s  normal i zed  to  1 50  Ω  

EXAMPLE  

 

( )

( )
o

1 0B21

o
1 0

max21 ,
1 0

o
1 0
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max r2,
1 0s

Ω1 50
log20EnvMin.
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1
log20

Ω1 50
log20Envlog20
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ZS
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=×+×=
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×−=

 (3)  

where  

sa   i s  the  screen i ng  attenuation  expressed  i n  dB ;  

Env ( B21A )   i s  the  operati onal  attenuati on  recorded  as  the  envelope  curve  of the  measured  val ues  i n  dB  (See  

7 . 1 );  

M in .Env ( B21A )   i s  the  operati ona l  attenuati on  recorded  as  the  m in imum  enve lope  cu rve  of the  measured  val ues    

i n  dB  (See  7. 1 ) ;  

1 50  Ω    i s  the  s tandard i zed  impedance  of the  secondary (“ou ter”  or d i s tu rbed )  ci rcu i t.  

The  screen ing  attenuati on ,  expressed  i n  dB  of an  e l ectri cal l y short  d evice  i s :  

 
T

1 0s

Ω50
log20

Z
a ×≈  (4)  

where  

sa   i s  the  screen i ng  attenuation  expressed  i n  Ω ;  

TZ   i s  the  transfer impedance  of the  device  u nder test.  

Note  1  to  en try:  Formu la  (4)  may be  deduced  from  Formu las  (3)  and  (5)  as  fo l l ows,  assum ing  an  e l ectri cal l y short  
device:  

T
1 0s

2

Ω1 50
log20

Z

Z
a

o

×

×
×= .  I f we  assume  that o31 50 Z×≈Ω ,  then  

T

1 0s
32

Ω1 50
log20

Z
a

×
×=  and  approximate  32  ≈ 3  then  

T
1 0s

Ω50
log20

Z
a ×≈   and  Formu la  (4 )  i s  va l i d .  

I n  the  measurement,  both  primary and  secondary ci rcu i ts  are  l ow impedance.  Th i s  l eads  to  a  6  dB  l ower B21A  than  

i n  e . g .  the  tube  measu rement of connectors ;  see  I EC 621 53-4-7.  

Copyright International  Electrotechnical  Commission  



I EC 621 53-4-1 0: 201 5    I EC  201 5  – 9  – 

3.5   
device  under test   
DUT 
connector’s  body or screen ,  in tended  to  be  mounted  to  a  sh ie l d ing  or screen ing  wal l  (or box),  
or an  e lectromagnetic  gasket 

3.6   
triaxial  test  method  
method  for measuring  the  transfer impedance and  screen ing  attenuation  of passive  
transm ission  components  l ike  cables  and  connectors  i n  an  tri axia l  arrangement 

Note  1  to  en try:  Primari l y used  for components  wi th  e l ongated  d imensions  and  therefore  d i stri bu ted  coupl i ng  over 
the  transfer impedance  along  the  components .  

See  a l so  I EC TS  621 53-4-1 .  

3.7   
double  coaxial  test method  
method  for measuring  the  transfer impedance and  screen ing  attenuation  of passive  
transm ission  components  l ike  connector feed-throughs  and  e lectro  magnetical  gaskets  i n  an  
cascaded  arrangement 

Note  1  to  en try:  Primari l y used  for short  components  wi th  concentrated  transfer impedance.  

See  a l so  I EC TS  621 53-4-1 .  

4 Principle  of the test method  

Figure  3  shows  a  typical  feed -through  construction  where  a  coaxial  connection  is  brought i n to  
a  screened  hous ing  to  a  prin ted  ci rcu i t  board .  Important are  the  coaxia l  connector body’s  and  
e lectromagnetic  gasket’s  re l i able  connection  to  the  screen ing  or sh ie l d ing  box.   

The  e lectromagnetic ti gh tness  of a  connector body’s  mounting  or a  gasket i s  measured  as  
transfer impedance  and/or screen ing  attenuation .  

The  test set-up  cons ists  of two RF-tigh t coaxia l  systems separated  by a  metal l ic wal l  to  wh ich  
the  DUT is  moun ted .  The  feed-through  test set-up  is  shown  in  F igure  4 .  The  gasket test set-
up  is  shown  i n  F igure  5.  Here  the  gasket i s  pressed  between  two  metal l ic  p lates.  

The  nom inal  impedances  of both  s i des  of the  coaxial  fixture  shou ld  be  the  same as  that of the  
test equ ipment.  The  generator s ide  is  ca l led  the  primary ci rcu i t or inner ci rcu i t and  the  
receiver s i de  i s  ca l l ed  the  secondary ci rcu i t  or ou ter ci rcu i t.  

The  set-up  i s  the  same for measuring  the  transfer impedance  and  the  screen ing  attenuation .  

Annex A g i ves  a  theoretical  model  of the  test set-up.  Usefu l  i n formation  concern ing  the  triaxial  

measurement techn ique  i s  g i ven  in  [3 ] 1 .  

___________ 

1   F i gu res  i n  square  brackets  refer to  the  B ib l i ography.  

Copyright International  Electrotechnical  Commission  



 – 1 0  – I EC 621 53-4-1 0:201 5    I EC  201 5  

 

IEC 

Cable 

Plug body 

Wall  of shielding box 

Contact spring 

Connector body 

Printed circuit board  

 

Figure  3  – Cross-section  of a  typical  feed-through  configuration  
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NOTE  I t  i s  importan t that  the  coupl ed  vol tage  i s  measured  wi thout  any d i sturbing  extra  coupl i ng  vol tage  not  
com ing  from  the  feed -through  under test  (compare  wi th  F i gure  5).  

Figure 4  – Cross-section  of the  test fixture  wi th  a  connector 
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I n  test  ri g  desi gn ,  care  shal l  be  taken  that  the  d i s tu rbi ng  cu rren t  i n  the  primary ci rcu i t  cannot  cause  u nwanted  
transi ti on  vol tages  i n  the  measuri ng  secondary ci rcu i t.  Separate  vol tage  and  curren t “contacts”  are  a  must.  

One  shou l d  not  end  i n  a  s i tuation  where  transi ti on  or contact  res i stances  of the  test  ri g  i n fl uence  the  test  resu l ts .  
Specia l  care  shal l  be  taken  to  design  the  mounti ng  of the  test  p l ate  between  the  primary and  secondary ci rcu i ts  or 
systems.  F i gure  5  shows  how to  avoid  bri ng ing  the  trans i ti on  res i stance  between  the  moun ti ng  p l ate  and  primary 
ci rcu i t  i n to  the  d i s tu rbi ng  vol tage  measurement  ci rcu i t  formed  by the  secondary ci rcu i t  of the  test  system .  

I t  i s  importan t that  the  coupl ed  vol tage  i s  measured  wi thou t any d i stu rbi ng  extra  coupl i ng  vo l tage  not  com ing  from  
the  gasket under test  (compare  wi th  F i gure  4).  

Figure 5  – Cross-section  of the  test fixture  wi th  an  electromagnetic  gasket  
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5 Procedure  

5.1  Equ ipment 

The test fixture  set-up  is  shown  i n  F igures  3 ,  4  and  5  and  cons ists  of the  fo l lowing :  

– a  double  coaxia l  test fi xture  where  the  s ides  are  separated  by meta l l ic  wal l /wal ls  for 
mounting  of the  DUT (F igure  4)  (feed -through)  or the  gasket pressed  between  two p lates,  
the  fi rst one  belong ing  to  the  cen tre  conductor and  primary ci rcu i t  and  the  second  one  to  
the  ou ter conductor and  secondary ci rcu i t,  F i gure  5;  

– the  RF-ti gh t double  coaxia l ,  test fixture  wh ich  shou ld  have  preferabl y a  d iameter such  that 

the  characteristic impedance to  the  ou ter tube  i s  50  Ω  respectivel y the  nom inal  impedance  
of the  network anal yzer or generator and  receiver;  

– a  s i gnal  generator wi th  the  same characteristic impedance as  the  test fixture  wi th  the  
mounted  DUT or an  impedance match ing  adapter,  completed  wi th  a  power ampl i fier i f 
necessary for very h igh  screen ing  attenuation ;  

– a  receiver wi th  a  cal i brated  step  attenuator or a  network analyzer (NWA).  

NOTE  The  generator and  the  recei ver may be  i ncl uded  i n  a  network anal yzer.  

5.2  Dynamic range  

The d ynam ic range  (noise  floor)  of the  test setup  shal l  be  tested  by replacing  the  DUT by a  
sol i d  meta l l ic p late.  

5.3  Verification  of the  test  set-up  

I n  order to  veri fy the  proper function  of the  appl i ed  i nstrumentation  and  the  calcu lation  of the  
transfer impedance accord ing  to  7 . 1 ,  i t  i s  recommended  to  do  a  veri fication  measurement by 
use  of a  reference device  wi th  known  characteristics .  An  example  des ign  of such  a  device  i s  
g i ven  i n  Annex B.  

5.4  Sample  preparation  

The feed-through  connector or gasket shal l  be  moun ted  in to  the  fixture  accord ing  to  the  
manufacturer’s  instructions.  The  speci fication  of the  appl ied  con tact zones  is  of particu lar 
i n terest s ince  th is  defi nes  the  contact res istance  as  an  i n tegral  part of the  transfer impedance  
of the  DUT.  Deviati ng  test fixture  contact characteristics  wi l l  resu l t  i n  variations  of the  
measured  transfer impedance  and  screen ing  attenuation ,  respective l y.  

6 Measurement 

6.1  General  

The operational  attenuation  B21A ( TZ  = ∞)  of the  test  fixture  wi th  an  open  ci rcu i ted  DUT  

( TZ  = ∞)  sha l l  be  measured  and  recorded  vs .  frequency.  

The  operational  attenuation  B21'A  wi th  the  feed-through  connector mounted  to  the  p late  or the  

gasket i nserted  i s  measured  and  recorded  vs.  frequency.  

The operational  a ttenuation  of the  feed-through  or gasket i s  then :  

( )∞=−′= TB21B21B21 ZAAA
 

6.2  Screening  attenuation  

See  3 . 4.  

6.3  Transfer impedance  

See  3 . 2.  
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7 Expression  of resul ts  

7. 1  Transfer impedance  
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 (5)  

where  

oZ  i s  the  nom inal  characteri stic impedance of the  primary and  secondary ci rcu i ts ,  equal  to  

the  impedance  of the  generator and  receiver.  

NOTE  Contrary to  the  measurement  of the  transfer impedance  of cabl e  screens,  the  transfer impedance  of the  
connector i s  not  related  to  l eng th .   

7.2  Screening  attenuation  

The screen ing  attenuation  sa  has  to  be  normal ized  to  the  agreed  s tandard  cond i ti ons  where  

the  impedance  of the  “ou ter world ”  or secondary ci rcu i t  i s  SZ  =  1 50  Ω :  

 

( )
o

S
1 0B21s

1 50Z
log1 0Min.Env

Z
Aa

Ω=
×+=

 (6)  

where  

sa  i s  the  screen ing  attenuation  related  to  a  secondary or ou ter ci rcu i t  

(“rad iati ng”)  impedance  of 1 50  Ω  i n  dB;  

M in . Env ( B21A )  i s  the  operational  attenuation  recorded  as  the  m in imum  envelope  curve  of 

the  measured  values  i n  dB  (see  7 . 1 ) ;  

oZ   i s  the  characteristic  impedance of the  fixture  i n  Ω .  

NOTE  At frequencies  h i gher than  the  l im i t  of the  e l ectri cal l y short  feed -th rough  the  measurement,  resu l ts  wi l l  be  
s im i l ar to  screen i ng  attenuation  measurement  of a  l ong  transm ission  l i ne.  

7.3  Requ irements  

The resu l ts  of the  transfer impedance and /or the  screen ing  attenuation  shal l  comply wi th  the  
value  i nd icated  i n  a  re levant speci fication .  
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Annex A  
(informative)  

 
Background  for the measurement of the  shielding  effectiveness   

of feed-throughs  and  electromagnetic gaskets  

A.1  General  

A reference  for the  measurement of the  sh ie l d ing  or screen ing  effectiveness  of feed- throughs  
and  e lectromagnetic gaskets  is  g iven  i n  [1 ] .  The  fol l owing  i s  an  excerpt of the  main  i ssues  of 
th is  paper as  wel l  as  add i ti onal  i n formation  regard ing  the  practical  measurement,  the  deta i l s  
of DUT captivation  and  the  obtained  resu l ts.  

The  proper function  of modern  commun ication  equ ipment i s  strong l y i n fl uenced  by the  proper 
EMI  sh ie ld ing  of e lectri ca l  components.  Feed-throughs  can  con tribu te  s i gn i ficantl y to  the  
overal l  EMI  l evel  of commun ication  equ ipment.  A cross-section  of the  typ ical  configuration  of 
a  feed-through  i s  shown  i n  F igure  A. 1 .  The  connector body is  soldered  on to  the  ci rcu i t board  
and  thus  e lectrica l l y connected  to  the  ground  potentia l  of the  e lectrical  ci rcu i try.  

At h igher frequencies,  the  potentia l  of the  ci rcu i t board ’s  g round  p lane  i s  usual l y not equal  to  
that of the  sh ie l d ing  box.  A contact spring  short-ci rcu i ts  th is  potentia l  d i fference.  I f the  con tact 
spring  were  not presen t i n  the  setup  of F igure  A. 1 ,  excessive  rad iation  of e l ectromagnetic 
waves  a long  the  cable ’s  ou ter conductor wou ld  be  the  resu l t.  

 

Contact spring 
Shielding wal l  

Plug  body 
Cable 

Connector body 

Circuit board  

IEC 
 

Figure A. 1  – Cross-section  of a  typical  feed-through  configuration  

I t  i s  usual l y a  very time-consum ing  task to  evaluate  the  sh ie l d ing  or screen ing  effecti veness  of 
a  feed-through  in  a  test configuration  as  is  recommended  in  CI SPR 25  [4 ] .  The measurement 
setups  that are  described  therein  are  general l y based  on  some kind  of free  space  
measurement,  wh ich  requ i res  an  anechoic chamber.  

The  in troduction  of wel l -defined  e lectrica l l y conducting  boundaries  i n  a  test fixture  wou ld  
greatl y s impl i fy the  measurement procedure.  

Th is  i s  poss ible  by appl i cation  of a  coaxial  test setup.  A cross-section  view of the  test fixture  
is  shown  in  F igure  A.2 .  The  section  to  the  left of F i gu re  A. 2  represents  the  i nner of a  
component.  A s i gnal  i s  fed  to  the  ou ter conductor of the  connector under test by means  of the  
coaxia l  l i ne’s  i nner conductor.  The  amount of RF- leakage that can  be  detected  on  the  
opposi te  s ide  of the  sh ie l d ing  wal l  i s  p icked  up  by the  centre  conductor of the  coaxial  l i ne  to  

the  ri ght.  I n  the  case  of a  two-port operational  scattering  (S21 )  parameter or operational  

forward  transfer function  measurement,  where  the  two  ports  of the  network anal yzer are  

connected  to  both  coaxia l  l i ne  sections,  21S  i s  a  d i rect measure  for the  sh ie l d ing  efficiency of 

a  feed-through  or gasket tested  i n  wel l  defined  ci rcumstances  that make repeatable  and  
comparable  tests  poss ib le.  
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Figure A.2  – Cross-section  of the  test  fi xture  wi th  a  connector 

A.2  Theoretical  model  of the test procedure  

Figure  A. 3  shows an  equ ivalen t ci rcu i t  of the  test fixture.  The  characteri stic impedance  and  

l ength  on  both  s i des  of the  feed-through  under test  are  g i ven  by oZ  and  l  respectivel y.  The  

normal i zed ,  wi th  respect to  oZ ,  shun t adm ittance  y  =1 /z  and  shun t impedance  z  represen ts  a  

s imple  e lectrica l  model  for the  feed-through .  Th is  model  i s  appl icable,  as  l ong  as  the  
wavelength  at the  frequency of i n terest i s  l ong  compared  to  the  d imensions  of the  s tructures.  

 

Zo,  l Zo,  l 

IEC 

y 

 

Figure  A.3  – Equ ivalent  circu i t  of the  test  setup wi th  
the  shunt admittance y of the  feed-through  

Fol lowing  Hoffmann  [2]  and /or Halme  et al.  [1 ] ,  the  two-port network contain ing  the  
normal i zed  shunt adm ittance  y  or normal i zed  shun t impedance z  can  be  described  by the  
operational  S-parameter-matrix when  p laced  between  equal  impedances  wh ich  are  the  

normal i zi ng  or reference impedances,  being  Lo ZZ = .  
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z  and  y  are  normal i zed  to  the  reference impedance oZ  by:  

 
oo ZYZ

Z

y
z

⋅
===

11
 (A. 2)  
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For the  case  of an  i deal  open  ci rcu i t and  a  short ci rcu i t  as  an  equ ivalent ci rcu i t for the  feed-
through,  the  fol l owing  S-matrices  are  calcu lated :  

for 








−

−
=→

10

01
: Sz 0  (A. 3)  

or 







=∞→

01

10
: Sz  

Formu la  (A. 1 )  i nd icates  that the  shun t impedance equal  to  TZ  of the  feed-through  may be  

estimated  from  the  measured  S-parameter 21S  by:  

 1  for  
2)2(1

21o
21

o
21

21
oT <<⋅≈⋅

−
=⋅= SZ

S
Z

S

S
ZzZ  (A. 4)  

A.3  Performing  measurements  

A.3. 1  Characteristic impedance  un iformity of the  test fixture  

The un i form i ty of the  characteristic impedances  wi th in  the  test fixture  i s  important.  L i ne  
sections  wi th  deviations  from  the  nom inal  characteristic impedance wi l l  cause  impedance 
transformations,  resu l ting  i n  measurements  that  wi l l  generate  erroneous  ca lcu lations  of the  
transfer impedance  and  the  screen ing  attenuation .  

Cable  measurements  wi th  the  sh ie l ded  screen ing  effecti veness  test method  have  shown  that 
to  obtain  test resu l ts,  wh ich  correspond  to  the  theory,  un in tended  reflection  poin ts  i n  the  test 
fixture  shal l  be  avoided .  The  time  domain  reflectometer (TDR)  measurement performed  on  a  
test fixture  wi th  a  through  connection  shown  in  F igure  A. 4  veri fi es  a  su i table  impedance  
smoothness  of the  coaxia l  l i ne  section  wi th in  the  primary and  secondary ci rcu i t.  

  

F igure  A.4a  – Wi thout fi l ter,  ri se  time  i s  1 7  ps  F igure  A.4b  – Wi th  fi l ter,  ri se  time  i s  73  ps  

NOTE  The  ou tpu t-port  i s  an  open  ci rcu i t.  Test  obj ect  “ th rough-connection  (Z
T
=∞) “ .  (0 , 5  ns/d iv or 8 , 5  cm /d i v;   

5  Ω /d i v).  The  fi l ter i s  l owpass  (4, 8  GHz).  

Figure  A.4  – TDR step  response  at input-port of test  fi xture  

No substan tia l  deviation  from  the  system  impedance ( oZ  =  50  Ω)  wi th  potentia l  to  cause  

screen ing  measurement errors  can  be  observed .  

A.3.2  Measuring  EM I-gaskets  by using  a  NWA 

Screen ing  measurements  are  performed  wi th  appropriate  s i gnal  generators  and  receivers.  
These  instruments  are  i ncluded  in  modern  network anal yzers  (NWA)  that a lso  provide  easy 
hand l i ng  wi th  usefu l  i n ternal  functions  and  ca l ibration  procedures  to  ensure  h igh  
measurement certain ties  and  s imple  operation .  

IEC 

I npu t-port  Ou tput-port  

IEC 
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An  appropriate  procedure  for the  use  of a  NWA to  measure  the  screen ing  attenuation  of a  
feed-through  or an  EMI -gasket accord ing  to  the  requ i rements  i n  Clauses  5,  6  and  7  i s  g iven  
by the  fol l owing  s tep-by-step  procedure.  

a)  Ensure  the  capabi l i ty of the  test fixture,  e. g .  by TDR measurement of a  through  
connection .  

b)  Cal i brate  the  NWA in  order to  reach  su fficien t measurement certa in ty and  noise  fl oor.  

c)  Measure  through  connection  ( TZ = ∞)  wi th  NWA and  store  21S  forward  transm ission  

l og  magn i tude  ( | 21S  ( TZ = ∞) |  [dB] ,  equ ivalen t to  – B21A ( TZ = ∞)) .  

d )  Ensure  the  needed  dynam ic range  by replacing  the  through  connection  wi th  a  so l i d  
metal l ic  sh ie ld ing  wal l  and  record ing  the  measured  noise  floor.  Enabl i ng  averag ing  
functions  may help  to  reduce  noise  floor cons iderabl y.  

e)  Prepare  a  test captivation  for the  DUT accord ing  to  appl icable  speci fication  or 
manufacturer’s  i nstruction .  

f)  Replace  the  meta l l ic  sh ie ld ing  wal l  wi th  the  DUT mounted  i n  the  test captivation  and  

measure  21S  forward  transm iss ion  l og  magn i tude  ( | 21S ′ |  i n  [dB] ,  equ iva lent to  – B21A′ ) .  

g )  Calcu late  the  operational  screen ing  transm iss ion  21S [dB]  =  21S ′ [dB]  –  21S  ( TZ = ∞)[dB]  

(eas i l y done  by appl ying  NWA in ternal  memory and  calcu lation  functions).  

h )  The  operational  attenuation  of the  feed-through  or gasket  i s  then  B21A  =  – 21S  [dB] .  

i )  Calcu late  the  transfer impedance or screen ing  attenuation  accord ing  to  7. 1  or 7 . 2  
respective l y.  

A.3.3  Pictures  and  measurement resu l ts  

Figure  A. 5  shows  p ictures  of the  appl ied  test fixtu re  connected  to  a  NWA.  F igures  A. 6  and  A. 7  
are  deta i l ed  views  of the  test fixture  and  of the  contact areas.  F i gure  A. 8  shows  deta i led  
p ictures  and  depictions  of the  appl i ed  DUT-test captivation .  

To  i nvestigate  the  noise  l evel  of the  network analyzer,  both  ports  were  connected  to  shorti ng  
e lements  to  im i tate  the  test fixture  mounted  wi th  a  l ow transfer impedance gasket.  Resu l ts  are  
depicted  in  F igure  A. 9.  The  p lot of F i gure  A. 1 0  shows  measurement resu l ts  when  a  metal  
p late  i s  mounted  in  the  test fixture  representing  the  d ynam ic range.  The  measured  ampl i tude  

of 21S  i s  comparable  to  the  case  where  on l y the  noise  l im i t of the  network anal yzer was  

measured .  Th is  l eads  to  the  assumption  that  even  a  h igher d ynam ic range  can  be  ach ieved  
when  a  l ow noise  ampl i fier,  LNA,  or a  receiver wi th  a  l ower noise  floor i s  appl ied .  

F igure  A. 1 1  shows a  typical  21S  measurement resu l t  of a  conductive  O-ri ng  appl i ed  as  an  

EMI -gasket.  Th is  measurement serves  as  a  bas is  for the  ca lcu lation  of the  transfer impedance 

TZ  (F igure  A. 1 2)  or the  screen ing  attenuation  sa  (F igure  A. 1 3)  of the  DUT accord ing  to  7 . 1  

and  7 . 2 ,  respectivel y.  
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Figure A.5  – View of the  test  fi xture connected  to  a  network analyzer 

  

F i gure  A.6a  – Assembled  test  fi xtu re  F igure  A.6b  – Open  test fi xtu re  

Figure A.6  – Top  view of the  test fixture  

  

F igure  A.7a  – De-moun ted  test captivation  Figure  A.7b  – Mounted  test captivation  

Figure  A.7  – Detai l ed  view of the  contact  area  
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F igure  A.8a  – Schematic  d rawing  of test captivation  

  

Figure  A.8b  – De-assembled  test captivation  Figure  A.8c – Pre-assembled  test captivation  

  

Figure  A.8d  – Fron t view (aiming  at  primary ci rcu i t)  F igure  A.8e  – Rear view (aiming  at  secondary 
ci rcu i t)  

Figure  A.8  – Detai l ed  view of the  captivation  for the  conductive O-ring  test  
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Figure A.9  – I solation  of the  network analyzer 
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Figure A. 1 0  – Isolation  of the  test fi xture  when  
characterizing  an  ideal  short  (metal  plate)  
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Figure A. 1 1  – Measured  operational  screening  transmission  
when  characterizing  a  typical  conductive  O-ring  

 50 

40 

30 

20 

1 0 

0 

0,01  0,1  1  5 

Frequency   (GHz) 

Z
T
  
 (
m
Ω
) 

IEC 
 

Figure  A. 1 2  – Transfer impedance ZT  of a  typical  conductive O-ring  
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Figure A. 1 3  – Screen ing  attenuation  as  of a  typical  conductive  O-ring  

Copyright International  Electrotechnical  Commission  



I EC 621 53-4-1 0: 201 5    I EC  201 5  – 23  – 

Annex B   
(informative)  

 
Reference device  for verification  measurement 

B.1  General  

I n  order to  veri fy the  proper function  of the  appl i ed  i nstrumentation  and  the  calcu lation  of the  
transfer impedance  accord ing  to  7 . 1  i t  i s  recommended  to  do  a  veri fication  measurement by 
the  use  of a  reference  device.  Beg inn ing  wi th  the  phys ica l  characteri stic of the  transfer 
impedance ZT   wh ich  is  a  l i near combination  of a  res istive  and  a  magnetic  component,  

described  by:  

ZT  =  R  +  jωM 

where  

R  i s  the  res isti ve  component,  and  

M i s  the  magnetic ( i nductive)  componen t,  

the  basic i dea  beh ind  the  veri fication  measurement i s  to  compare  the  resistive  component R  
of the  measured  transfer impedance  ZT  of the  reference device  to  the  value  obtained  by a  

very precisel y m i l l i ohm  meter measurement.  The  desi red  characteristic  for the  reference 
device  is  to  ach ieve  a  wide  frequency area  that shows  up  a  stable  va lue  of the  res isti ve  
component.  Th is  requ irement can  be  real i zed  by a  design  that  has  a  m in imum  magnetic  
component.  Also,  an  i ncrease  of the  res isti ve  component pushes  the  frequency where  the  
magnetic componen t predom inates  the  res isti ve  component towards  h i gher values.  On  the  
other hand ,  the  i nvestigation  of the  re lati ve  measurement deviation  does  not  requ i re  
measurements  done  at speci fica l l y l ow va lues  for ZT  or smal l  transm ission  coefficien ts  S21 ,  

respectivel y.  

B.2  Design  of the reference device  

An  example  design  of such  a  device  i s  g i ven  i n  F igure  B. 1 .  Th is  design  i ncludes  SMD  
res istors  that are  characterized  by having  l ow i nductances.  The  res istors  are  soldered  to  a  
prin ted  ci rcu i t board  to  provide  the  needed  mechan ica l  properties.  The  board  design  provides  
an  i nner con tact zone  that i s  so ldered  to  a  turned  contact e lement and  an  ou ter con tact zone  
i n  order to  ensure  connection  to  the  sh ie l d ing  wal l  of the  test  fixture.  

 
 

IEC 

Circular outer 
contact ring  

SMD resistors 

e.g. :  8 x 2OΩ,  
resulting resistance:  

R=250 mΩ  

Circular inner 
contact ring  

 

Figure B. 1  – Reference device,  e.g .  resistors  soldered  onto  a  PCB   

The  ou ter connection  shou ld  be  rea l ised  i n  a  complete  ci rcu lar manner.  Al ternativel y,  d i rect 
soldering  to  the  sh ie ld ing  wal l  or the  use  of an  add i ti onal  ou ter contact device  i s  appropriate.  
The  second  g i ves  the  advantage  of an  appl icabi l i ty to  test  fixtures  of d i fferen t s izes.  As  a  
s imple  solu tion ,  th is  optional  add i ti onal  con tact device  can  be  made  of a  mod i fied  metal l ic  
cable  feed-through.  
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B.3  Veri fication  measurement resul t  

A typical  veri fication  measurement resu l t i s  depicted  i n  F igure  B. 2.  The  graph  is  characterized  
by a  wide  frequency area  showing  up  a  stable  value  for the  transfer impedance that  

corresponds  to  the  m i l l i ohm  measurement resu l t  of the  device  wh ich  i s  in  th is  case  250mΩ .  
Towards  h igher frequencies  the  magnetic  component resu l ts  i n  an  approximate  20dB/dec 
i ncrease  of the  transfer impedance curve.  

 

Figure B.2  – Typical  veri fication  measurement resu l t  
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Annex C   
(informative)  

 
Impact of ground  loops  on  low frequency measurements  

C.1  General  

I n  general  test configurations  the  generator and  the  receiver have  the  same ground  poten tia l .  
Th is  i s  not on l y val i d  when  us ing  network anal yzer bu t a lso  when  us ing  a  separate  generator 
and  receiver as  long  both  are  connected  d i rectly to  the  power suppl y (due  to  the  earth ing  
conductor) .  Th is  ground  l oop  l eads  to  measurement errors  especia l l y at l ower frequencies.  

C.2  Analysis  of the test set-up  

Figure  C. 1  be low shows  a  usual  double  coaxia l  test set-up  for the  measurement of the  
transfer impedance.  
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Figure C. 1  – Double  coaxial  test  set-up  

The  set-up  consists  of three  coupled  l oops:  

Loop 1 :  device  under test  (DUT)  wi th  test  l ead  to  generator (primary ci rcu i t) .  

Loop 2 :  device  under test  wi th  test  lead  to  receiver (secondary ci rcu i t) .  

Loop 3:  between  tube  and  NWA front panel  connected  by both  test leads.  

The  equ ivalent  ci rcu i ts  of the  3  l oops  are  shown  i n  F igure  C. 2  under the  assumption  of test 
l eads,  DUT and  ou ter ci rcu i t  of the  double  coaxia l  set-up  wi thou t l oss  and  perfect sh ie ld ing  of 
the  double  coaxia l  set-up.  
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Figure C.2  – Equ ivalent  circu i ts  of the  double  coaxial  test  set-up  

For l ow frequencies  where  the  wave  propagation  effect can  be  neg lected  we  get:  
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The  second  term  shows the  measurement error.  I t  cou ld  be  reduced  by:  

•  u s ing  test  l eads  wi th  low transfer impedance;  

•  u s ing  a  short  test l ead ;  

•  i ncreasing  the  l ong i tud inal  impedance  of l oop  3.  

The  impedance of l oop  3  cou ld  be  i ncreased  by using  ferri tes  on  the  test l eads  or by us ing  a  
generator and  receiver wh ich  are  not on  the  same ground  poten tia l ,  i . e.  use  of separate  
generator and  receiver wh ich  are  battery d ri ven  or connected  to  the  power suppl y us ing  
separation  transformer.  

The  effect of the  measurement error i s  shown  i n  F igure  C. 3  below.  Here  the  d i fference of a  
measurement wi th  ferri tes  (green  cu rve)  and  a  measurement wi thout ferri tes  on  the  test leads  
(b lue  curve)  i s  compared .  
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Figure C.3  – Resu lts  obtained  wi th  (green)  and  wi thout ferri tes  on  the  test  l eads  (blue)  
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