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INTERNATIONAL ELECTROTECHNICAL COMMISSION  

____________ 

 
METALLIC COMMUNICATION  CABLE TEST METHODS – 

 
Part 4-4:  Electromagnetic compatibi l i ty (EMC)  –  

Test method  for measuring  of the screening  attenuation  as   
up  to and  above 3  GHz,  triaxial  method  

 
FOREWORD 

1 )  The  I n ternati onal  E lectrotechn i cal  Commission  ( I EC)  i s  a  worl dwide  organ i zation  for standard ization  compris i ng  
a l l  n ational  e l ectrotechn ica l  commi ttees  ( I EC National  Commi 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 National  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 i zation  ( 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 agreements  of I EC on  techn ical  matters  express,  as  nearl y  as  poss ible,  an  i n ternati ona l  
consensus  of opi n ion  on  the  re l evant subjects  s i nce  each  techn ical  commi ttee  has  representati on  from  al 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 Nati ona l  
Commi ttees  i n  that  sense.  Whi l e  a l l  reasonable  efforts  are  made  to  ensure  that  the  techn ical  con ten t 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  exten t possib le  i n  thei r national  and  reg i onal  publ i cations.  Any d i vergence  
between  any I EC Publ 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 ndependent  certi fi cati on  bod ies  provide  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 agents  i ncl ud ing  i n d ivi dual  experts  and  
members  of i ts  techn ical  commi ttees  and  I EC  National  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 rel i ance  upon ,  th i s  I EC  Publ i cation  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 ibi l i ty that  some  of the  e l ements  of th i s  I EC Publ i cation  may be  the  subject  of 
patent  ri gh ts.  I EC shal l  not  be  hel d  responsibl e  for i den ti fyi ng  any or a l l  such  paten t ri gh ts.  

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

Th is  second  ed i tion  cancels  and  replaces  the  fi rst  ed i tion ,  publ ished  i n  2006  and  consti tu tes  a  
techn ical  revis ion .  

Th is  ed i ti on  i ncludes  the  fol l owing  s i gn i fican t techn ica l  changes  wi th  respect to  the  previous  
ed i tion .  Impedance match ing  adapters  are  no  l onger requ i red  when  measuring  devices  have  a  
characteristic impedance  d i fferen t from  the  characteristic  impedance of the  test equ ipment.  
The  reflection  l oss  due  to  a  m ismatch  i s  taken  in to  accoun t by a  (ca lcu lated )  correction  factor.  
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The  text of th is  s tandard  is  based  on  the  fol lowing  documents:  

FDIS  Report  on  voti ng  

46/545/FDIS  46/554/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 st  of a l l  parts  i n  the  I EC 621 53  series ,  publ ished  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 4-4:  Electromagnetic compatibi l i ty (EMC)  –  
Test method  for measuring  of the screening  attenuation  as   

up  to and  above 3  GHz,  triaxial  method  
 
 
 

1  Scope 

This  part of I EC 621 53  describes  a  test method  to  determ ine  the  screen ing  attenuation  as  of 

metal l ic communication  cable  screens.  Due  to  the  concentric ou ter tube,  measurements  are  
i ndependent of i rregu lari ti es  on  the  ci rcumference and  outer e lectromagnetic fi el d .  

A wide  d ynam ic frequency range  can  be  appl ied  to  test even  super-screened  cables  wi th  
normal  i nstrumentation  from  low frequencies  up  to  the  l im i t of defi ned  transversal  waves  in  
the  ou ter ci rcu i t  at  approximatel y 4  GHz.  

2  Normative references  

The fol l owing  documents,  i n  whole  or i n  part,  are  normative l 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 ies .  For 
undated  references,  the  l atest ed i ti on  of the  referenced  document ( i nclud ing  any 
amendments)  appl i es .  

I EC 621 53-4-1 ,  Metallic communication cable test methods – Part 4-1 : Electromagnetic 
Compatibility (EMC)  – Introduction to  electromagnetic screening measurements  

3 Symbols  and  theoretical  background  

3. 1  Electrical  symbols  

Z1  characteristic impedance  of the  primary ci rcu i t  (cable  under test)  

Z2  characteristic impedance  of the  secondary ci rcu i t   

ZS  normal i zed  value  of the  characteristic impedance  of the  environment 

of a  typ ical  cable  i nsta l lation  (1 50  Ω) .  I t  i s  i n  no  re lation  to  the  
impedance of the  ou ter ci rcu i t  of the  test set-up  Z2  

ZS  i s  a lways  1 50  Ω  (arbi trary determ ined)  whereas  Z2  i s  varying  wi th  
the  d imensions  of the  CUT and  i nner d iameter of the  tube  

R  i nput impedance of the  receiver 

ZT transfer impedance  of the  cable  under test i n  Ω/m  

ZF  =  Z1  ×  Z2  ×  jω  ×  CT  capaci ti ve  coupl ing  impedance of the  cable  under test  i n  Ω/m  

f frequency i n  Hz 

CT through  capaci tance  of the  ou ter conductor per un i t l ength  i n  F/m  

εr1  re lati ve  d ie lectric perm i tti vi ty of the  cable  under test  

εr2  re lati ve  d ie lectric perm i tti vi ty of the  secondary ci rcu i t   

εr2, n  normal i zed  value  of the  re lati ve  d ie lectric perm i ttivi ty of the  
envi ronment of the  cable  

l  effective  coupl ing  l eng th  

λ0  vacuum  waveleng th  
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C0  vacuum  veloci ty 

as  screen ing  attenuation  wh ich  is  comparable  to  the  resu l ts  of the  
absorbing  clamp method  

P1  feed ing  power of the  primary ci rcu i t  

P2  measured  power received  on  the  i npu t impedance R  of the  receiver 
i n  the  secondary ci rcu i t  

Pr rad iated  power i n  the  envi ronment of the  cable,  wh ich  i s  comparable  

to  P2, n  +  P2, f of the  absorbing  clamp method  

S1 1  scattering  parameter S1 1  (complex quan ti ty)  of the  set-up  where  the  
primary s ide  of the  two port i s  the  DUT and  the  secondary s i de  i s  the  
tube  

S21  scattering  parameter S21  (complex quan ti ty)  of the  set-up  where  the  
primary s ide  of the  two port i s  the  DUT and  the  secondary s i de  i s  the  
tube  

( ) 0r21r1 / 2 λεεπϕ l−=   

( ) 0r21r2 / 2 λεεπϕ l+=   

0r2123 4 λεϕϕϕ /lπ=−=   

 

3.2  Theoretical  background  

There  wi l l  be  a  variation  of the  vol tage  U2  on  the  far end ,  caused  by the  e lectromagnetic  

coupl ing  through  the  screen  and  superimposi ti on  of the  partia l  waves  caused  by the  surface  
transfer impedance  ZT ,  the  capaci ti ve  coupl ing  impedance ZF  ( travel l i ng  to  the  far and  near 
end)  and  the  tota l l y refl ected  waves  from  the  near end .  

For exact calcu lation ,  i f feedback from  the  secondary to  the  primary ci rcu i t i s  neg l ig ib le,  the  
ratio  of the  far-end  vol tages  U1  and  U2  are  g iven  by 
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 (1 )   

i . e .  formal l y |  A  +  B  |  ×  C ×  D ,  where  A  ×  C i s  the  far-end  crosstalk,  B  ×  C i s  the  reflected  near-  
end  crosstalk  and  D  i s  the  m ismatch  factor.  

The  tota l  osci l l ations  of D  are  

 <2  dB,  i f 1  <  Z2/R  <  1 , 25  

  3  dB,  i f Z2 /R  =  1 , 4  

bu t  1 0  dB  and  more,  i f Z2/R  >3.  

Maximum  values  of A  ×  C  and  B  ×  C are  g i ven ,  i f ϕ1 , 2  =  (2N +  1 )  ×  π  and  N i s  an  i n teger.  

The  vol tage  ratio  measured  is  not dependent on  the  d iameter of the  ou ter tube  of the  tri axia l  
test set-up  or on  the  characteristic impedance Z2  of the  ou ter system ,  provided  that  Z2  i s  

l arger than  the  i nput  impedance  of the  receiver.  
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A more  detai l ed  description  of the  subj ect i s  g i ven  i n  I EC  621 53-4-1 .  

3.3  Screening  attenuation  

The l ogari thm ic ratio  of the  feed ing  power P1  and  the  period ic  maximum  va lues  of the  power 
Pr,max which  may be  rad iated  due  to  the  peaks  of vo l tage  U2  i n  the  ou ter ci rcu i t  i s  termed  
screen ing  attenuation  as .  











×−=

1

maxr,
1 0log1 0

P

P
Envas  (2)   

The  re lationsh ip  of the  rad iated  power Pr  to  the  measured  power P2  received  on  the  i npu t 
impedance R  i s  

Smax2,

maxr,

2

r

2 Z

R

P

P

P

P

×
==  (3)   

At  h i gh  frequencies  and  when  the  cable  under test i s  e l ectrical l y l ong :  

r2r1

FT

r2r1

FT

1

o

1

max,2

εεεεω +

+
+

−

−
×

×
≈

ZZZZ

RZ

c

P

P
 (4)   

3.4 Impact of coupl ing  length  and  relationsh ip  between  the  screen ing  attenuation  and  
the  surface  transfer impedance  ZT  

The re lationsh ip  between  the  effecti ve  coupl ing  l ength  of the  cable  under test and  the 
e lectrica l  wave l ength  i s  importan t for the  characteristic  curve  of the  screen ing  attenuation  
(see  F igures  1  and  2).  I n  the  frequency range  of el ectrica l l y short coupl i ng  l engths,  the  
measured  attenuation  decreases  wi th  i ncreas ing  l eng th .  Therefore,  i t  i s  necessary to  define  
the  re lated  l ength .  

With  e lectrical l y l ong  l eng ths,  the  screen ing  attenuation  formed  by the  maximum  envelope  
curve  to  the  coupl ing  vol tage  ratio  i s  constant for a  6  dB/octave  (20  dB/decade)  i ncreasing  
transfer impedance.  Therefore,  the  screen ing  attenuation  i s  defined  on l y at  h igh  frequencies.  

The  coupl ing  length  i s  e l ectrical l y short,  i f 

r1
0 1 0 ελ ×>
l

 or 
r1

0

1 0 ε××
<

l

c
f  (5)   

or e lectrical l y l ong ,  i f 

r2r1
0 2 εελ −×≤
l

 or  
r2r1

0

2 εε −××
>

l

c
f  (6)   

where  

l  i s  the  effecti ve  coupl ing  l eng th  i n  metres  (approximatel y 2  m  i n  F igure  3) ;  

λ0  i s  the  free  space  wavelength  i n  metres;  

r1ε  i s  the  resu l ti ng  re lati ve  perm i tti vi ty of the  d ie lectric of the  cable;  
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r2ε  i s  the  resu l ti ng  re lati ve  perm i ttivi ty of the  d ie lectri c of the  secondary ci rcu i t;  

f i s  the  frequency i n  Hz.  

The measured  vol tage  ratio  i s  re lated  to  the  transfer impedance ZT  for e l ectrica l l y short  

coupl ing  l eng th  by  

1

2
1T

U

U
ZlZ ×≈×  (7)   

Also,  a t h igh  frequencies,  ZT  can  be  calcu lated  i f ZF  i s  neg l ig ib le :  

1

max2
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r2r11

T 2 P
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c
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××

−×××
≈

ε

εεω
 (8)   

therefore  

r2r11
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≈
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P

P
 (9)   

A more  detai l ed  description  of the  subj ect  i s  g iven  i n  I EC  621 53-4-1 .  

 

Figure 1  – Relationship  of U2/U1  on  a  l og  (f)  scale  for a  s ing le  braided  cable  
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Figure  2  – Relationsh ip  of U2/U1  on  a  l inear (f)  scale  and   
screening  attenuation  as  on  a  l inear (f)  scale  for a  s ing le  braided  cable  

 

Figure  3  – Measured  screen ing  attenuation  as  formed  by the  maximum   
envelope curve  to  the  measured  coupl ing  vol tage ratio  U2/U1  of a  s ing le  braided  cable  
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4 Principles  of the measuring  method  

The d isturbing  or primary ci rcu i t i s  the  matched  cable  under test.  The  d isturbed  or secondary 
ci rcu i t  consists  of the  ou ter conductor (or the  ou termost layer i n  the  case  of mu l tiscreen  
cables)  of the  cable  under test and  a  sol i d  metal l ic  tube  having  the  cab le  under test  i n  i ts  axis  
(see  F igures  4  and  5) .  

The  vol tage  peaks  at the  far end  of the  secondary ci rcu i t  have  to  be  measured .  The  near end  
of the  secondary ci rcu i t  i s  short-ci rcu i ted .  For th is  measurement,  a  matched  receiver i s  not 
necessary.  The  expected  vol tage  peaks  at  the  far end  are  not  dependent on  the  input  
impedance  of the  receiver,  provided  that i t  i s  l ower than  the  characteristic impedance of the  
secondary ci rcu i t.  However,  i t  i s  an  advantage  to  have  a  l ow m ismatch ,  for example,  by 
selecting  a  range  of tube  d iameters  for several  s i zes  of coaxia l  cables.  

 

Figure 4 – Triaxial  measuring  set-up  

 

Figure 5  – Triaxial  measuring  set-up  connected  to  the  network analyser 
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5 Measurement 

5.1  Equ ipment 

The measuring  set-up  is  shown  i n  F igures  4  and  5  and  consists  of 

•  an  apparatus  of a  trip le  coaxia l  form  wi th  a  l eng th  sufficien t to  produce a  superimposi ti on  
of waves  i n  narrow frequency bands  wh ich  enable  the  envelope  curve  to  be  d rawn ,   

•  commonl y (for d ie lectrics  wi th  l ow perm i ttivi ty) ,  a  coupl ing  l eng th  of m in imum  2  m  i s  
preferable  to  determ ine  the  screen ing  attenuation  from  less  than  200  MHz upwards  (see  
a lso  3 . 4) .  The  cyl i ndrica l  cable  screen  forms  both  the  ou ter conductor of the  energ ized  
coaxia l  system  and  the  i nner conductor of the  ou ter system .  The  ou ter conductor of the 
ou ter system  is  a  tube  of abou t 50  mm  inner d iameter wi th  a  short-ci rcu i t  to  the  screen  on  
the  fed  s i de  of the  cable .  The  ratio  of the  i nner d iameter of the  tube  to  the  ou ter d iameter 
of the  screen  shal l  be  su fficien t to  ensure  that the  characteristic impedance  i s  l arger than  
the  i npu t res istance  of the  receiver.  The  value  of the  re lative  d ie lectric perm i ttivi ty of the  
ou ter ci rcu i t  sha l l  be  approximatel y one,  i rrespective  of the  enclos ing  cable  sheath ,  

•  i t  i s  recommended  to  use  a  vector network anal yser a l lowing  the  measurement of a l l  
scattering  parameters  of a  quadripole  (two  port).  I n  the  case  where  the  generator 
impedance and  the  DUT have  the  same impedance,  a  d iscrete  generator and  receiver may 
be  used ,  

•  h igh  sensi ti ve  or power ampl i fi er i f necessary for very h igh  screen ing  attenuation .  

5.2  Cable  under test  

5.2. 1  Coaxial  cables  

On  the  far end  s i de,  the  sample  under test shal l  be  term inated  by a  very wel l  screened  
res istance  (better screened  than  the  screen  under test)  equal  to  the  nom inal  va lue  of the  
characteristic impedance of the  sample  under test.  See  Annex A for detai l s  on  how to  
determ ine  the  nom inal  characteristic impedance.  The  term ination  may be  done  us ing  several  
res istors  i n  paral l e l .  The  connections  between  the  term inati ng  res istance(s) ,  the  screen ing  
cap  and  the  cable  screen(s)  shal l  be  made  wi th  care  so  that the  contact resistance  can  be  
neg lected  when  i n terpreti ng  the  resu l ts.  Specia l  care  shal l  be  taken  in  preparing  foi l  screens  
i n  order to  avoid  cracks  i n  the  fo i l  wh ich  may i n troduce  errors  i n  the  test resu l ts .  

The  cable  under test shal l  be  pos i tioned  as  nearl y concentric as  possible  i n  the  ou ter tube  to  
obtain  homogeneous  wave  propagation .  To  ach ieve  the  cen tering ,  one  may use  d istance  
pieces  made  of a  materia l  having  a  d ie lectric permi ttivi ty of l ess  than  1 , 1 0  (e. g .  Styrofoam).  

On  the  fed  s ide,  the  cable  screen  is  connected  to  the  short-ci rcu i t  d isc of the  ou ter tube,  and  
care  shal l  be  taken  so  that  the  con tact  res istance  is  smal l  and  does  not i n fl uence  the  resu l ts .  

5.2.2  Symmetrical  and  mu l ticonductor cables  

Screened  symmetrica l  and  mu l ticonductor cables  are  treated  as  a  quas i -coaxia l  system  – i . e .  
i n  add i ti on  to  the  be low,  the  requ i rements  of 5. 2 . 1  for coaxial  cables  shal l  be  appl ied .  The  
conductors  of a l l  pa i rs  shal l  be  connected  together at both  ends.  Al l  screens,  a lso  those  of 
i nd ividual l y screened  pai rs  or quads,  sha l l  be  connected  together at both  ends.  The  screens  
shal l  be  connected  over the  whole  ci rcumference  (see  F igure  6) .  
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Figure 6  – Preparation  of test  sample  (symmetrical  and  mul ti -conductor cables)  

5.2.3  Impedance  match ing  

I f unknown ,  the  nom inal  characteristic impedance  of the  (quasi -)coaxial  system  can  e i ther be  
measured  by us ing  a  TDR wi th  maximum  200  ps  rise  time  or us ing  the  method  described  i n  
Annex A.  An  impedance match ing  adapter to  match  the  impedance of the  generator and  the  
impedance  of the  (quas i -)coaxia l  system  is  not recommended  as  i t  reduces  the  d ynam ic range  
of the  test set-up  and  may have  su fficien t match ing  (return  loss)  on l y up  to  1 00  MHz when  

us ing  se l f-made adapters  wh ich  are  necessary for impedances  other than  60  Ω  or 75  Ω  (see  
Annex B) .  One  may use  an  attenuator at the  generator ou tput to  avoid  reflected  waves  wh ich  
cou ld  harm  the  generator.  The  attenuation  of such  attenuator shal l  be  taken  i n to  account i n  
the  test resu l ts .  

5.3  Procedure  

The DUT shal l  be  connected  to  port 1  and  the  tube  to  port 2  of the  vector network anal yser 
(see  F igure  5) .  

The  (complex)  scattering  parameter S21  sha l l  be  measured .  The  reflection  loss 1  (see  

Annex C)  caused  by the  m ismatch  between  the  generator and  DUT has  to  be  taken  i n to  
account.  To  do  th is  i n  pri ncip le  one  shou ld  measure  the  (complex)  scattering  parameter S1 1  of 
the  DUT.  However,  i t  has  been  shown  that th is  measurement i s  prone  to  error due  to  the  
“poor”  l oad  res istance  of the  DUT.  Thus  S1 1  i s  ca lcu lated  as  described  i n  5 . 4 .  

On l y the  peak va lues  of the  obtained  screen ing  attenuation  graph  are  used  to  determ ine  the  
envelope  curve.  

5.4 Expression  of resu l ts  

The screen ing  attenuation  as  wh ich  is  comparable  to  the  resu l ts  of the  absorbing  clamp 

method  shal l  be  calcu lated  wi th  the  arb i trary determ ined  normal ised  va lue  ZS  =  1 50  Ω 2.  
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1   Reflection  l oss  shou l d  not  be  confused  wi th  retu rn  l oss  or m ismatch  l oss .  

2  Z
s
 i s  the  normal i zed  val ue  of the  characteri sti c  impedance  of the  envi ronment of a  typical  cable  i nstal l ati on .  I t  i s  

i n  no  re l ati on  to  the  impedance  of the  ou ter ci rcu i t  of the  test  set-up.  
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where  

as  i s  the  screen ing  attenuation  related  to  the  rad iating  impedance of 1 50  Ω  i n  dB;  

aatt    i s  the  attenuation  of the  attenuator or impedance  match ing  adapter – i f u sed  and  i f 

not taken  i n to  account otherwise,  e. g .  du ring  the  cal i bration  procedure  of the  network 
anal yzer;  

Env  i s  the  m in imum  envelope  curve  of the  measured  values  i n  dB;  

r i s  the  reflection  coefficien t between  the  generator impedance and  the  nom inal  
characteristic impedance  of the  cable  under test;  

S21  i s  the  scattering  parameter S21  (complex quanti ty)  of the  set-up  where  the  primary 

s i de  of the  two  port i s  the  DUT and  the  secondary s ide  i s  the  tube;  

Z1  i s  the  nom inal  characteri stic  impedance of the  cable  under test i n  Ω  (see  5. 2 .3) ;  

Z0  i s  the  ou tpu t impedance  of the  generator,  i . e.  system  impedance of the  network 

anal yser,  i n  Ω .  

At  frequencies  lower than  the  l im i t  of the  e lectrical l y l ong  coupl i ng  length ,  the  measurement 
wi l l  be  s im i lar to  that for surface  transfer impedance.  

6 Requirement 

The m in imum  va lue  of the  screen ing  attenuation  shal l  comply wi th  the  va lue  i nd icated  i n  the  
re levant  cable  speci fication .  

I f a  l im i ting  va lue  of the  rad iating  power i s  speci fi ed  for a  cable  system  operated  wi th  a  
defined  power l evel ,  the  d i fference  between  the  power l evel  and  the  l im i t  of rad iating  power 
shal l  not  be  g reater than  the  screen ing  attenuation  of the  cable  provided  for the  system .  

Copyright International  Electrotechnical  Commission  



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

Annex A 
(normative)  

 
Determination  of the impedance of the  inner ci rcui t 

I f the  impedance  Z1  of the  i nner ci rcu i t  i s  not known ,  i t  may be  determ ined  us ing  a  TDR wi th  

maximum  200  ps  rise  time  or using  the  fo l lowing  method  wi th  a  (vector)  network anal yser 
(VNA).  

One  end  of the  prepared  sample  is  connected  to  the  VNA,  wh ich  i s  ca l ibrated  for impedance  
measurements  at  the  connector i n terface  reference p lane.  The  test frequency shal l  be  

approximatel y the  frequency for wh ich  the  leng th  of the  sample  is  1 /8  λ ,  where  λ  i s  the  
wavelength .  

 
1sample

test
8 rL

c
f

ε××
≈

 (A. 1 )  

where  

ftest  i s  the  test frequency;  

c  i s  the  speed  of l i gh t  3  ×  1 08  m /s;  

Lsample  i s  the  length  of sample.  

The  sample  is  short-ci rcu i ted  at  the  far end .  The  impedance Zshort  i s  measured .  

The  sample  i s  l eft open  at the  same poin t where  i t  was  shorted .  The  impedance Zopen  i s  

measured .  

Z1  i s  calcu lated  as:  

 
openshort1 ZZZ ×=

 (A. 2)  
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Annex B  
(informative)  

 
Example  of a  sel f-made impedance matching  adapter 

Figure  B . 1  and  B . 2  show the  attenuation  and  return  loss  of a  50  Ω  to  5  Ω  impedance match ing  

adapter.  A DUT impedance of 5  Ω  i s  typica l  when  measuring  mu l tipai r cables  wi th  i nd ividual l y 
screened  pa irs  or when  measuring  h igh  vol tage  cables  for e lectrical  veh icles.  

The  attenuation  and  return  l oss  were  obtained  from  an  open/short measurement.  The  
match ing  adapter on l y works  up  to  1 0  MHz.  

 

Figure B. 1  – Attenuation  and  return  loss  of an  50  Ω  to  5  Ω  
impedance  matching  adapter;  logari thmic frequency scale  
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Figure B.2  – Attenuation  and  return  loss  of an  50  Ω  to  5  Ω  
impedance  matching  adapter;  l inear frequency scale   
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Annex C  
(informative)  

 
Reflection  loss  of a  junction  

I n  case  a  source  wi th  an  i nner res istance  R i  feeds  a  l oad  wi th  a  d i fferen t res istance  RL  power 

i s  l ost compared  to  the  matched  case  due  to  the  m ismatch .  I f the  source  is  connected  to  the  
j unction  by a  transm ission  l i ne  wi th  a  characteristic impedance Z1  =  R i  

 and  the  load  i s  
connected  to  the  j unction  by a  transm iss ion  l i ne  wi th  a  characteristic impedance Z2  =  R l  

 the  

equ ivalent  ci rcu i t i s  the  fo l l owing :  

 

Figure  C. 1  – Equ ivalent  circu i t  of generator wi th  load  

The power i n  the  l oad  resistance  RL  i s  g iven  by:  
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I n  case  of impedance  match ing  (RL  =  R i )  the  maximum  power P0  
 i s  fed :  
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The  ratio  of Equations  (C. 1 )  and  (C. 2)  describes  the  loss :  
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The  fo l l owing  auxi l iary ca lcu lation  i n troduces  the  reflection  coefficien t r:  
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 (C. 4)  

Using  Equation  (C. 4) ,  the  power ratio  (Equation  (C.3)  becomes:  

2
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1 r
P

P
−=  (C. 5)  
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IEC 
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The  magn i tude  in  dB  therefore  i s  (see  a lso  I EC/TR 621 52 : 2009  Equation .  A. 1 2) :  

2
1 0 1log1 0 rs −−=Γ  (C. 6)  
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