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INTERNATIONAL ELECTROTECHNICAL COMMISSION  

____________ 

  

METALLIC COMMUNICATION  CABLE TEST METHODS –  

 

Part 4-1 5:  Electromagnetic compatibi l i ty (EMC)  – Test method   

for measuring  transfer impedance and  screening  attenuation  –  

or coupl ing  attenuation  wi th  triaxial  cel l  

 
FOREWORD 

1 )  The  I n ternational  E lectrotechn ical  Comm ission  ( I EC)  i s  a  worl dwide  organ ization  for standard ization  compris i ng  
a l l  national  e l ectrotechn ical  comm i ttees  ( I EC National  Commi ttees).  The  object  of I EC i s  to  promote  
i n ternational  co-operation  on  a l l  questions  concern ing  standard ization  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  S tandards,  Techn ical  Speci fi cations,  
Techn ical  Reports,  Publ i cl y Avai l able  Speci fi cations  (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  Comm i ttee  i n terested  
i n  the  subject  deal t  wi th  may parti cipate  i n  th i s  preparatory work.  I n ternational ,  governmental  and  non-
governmental  organ i zations  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 osely 
wi th  the  I n ternational  Organ ization  for S tandard ization  ( I SO)  i n  accordance  wi th  cond i ti ons  determ ined  by 
agreement  between  the  two  organ izations.  

2)  The  formal  decis ions  or agreements  of I EC on  techn ical  matters  express,  as  nearl y as  possible,  an  i n ternational  
consensus  of opin ion  on  the  re levant  subjects  s i nce  each  techn ical  comm i ttee  has  representation  from  al l  
i n terested  I EC National  Commi ttees.   

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.  Wh i 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  accurate,  I EC cannot be  hel d  responsible  for the  way i n  wh ich  they are  used  or for any 
m is i n terpretation  by any end  user.  

4)  I n  order to  promote  i n ternational  un i form i ty,  I EC National  Commi ttees  undertake  to  apply I EC Publ i cations  
transparentl y to  the  maximum  extent  possib le  i n  thei r national  and  reg ional  publ i cations.  Any d i vergence  
between  any I EC Publ i cation  and  the  correspond ing  national  or reg ional  publ i cation  shal l  be  cl earl y i nd icated  i n  
the  l atter.  

5)  I EC i tsel f does  not  provide  any attestation  of conform i ty.  I ndependent  certi fi cation  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  responsible  for any 
services  carried  ou t  by i ndependent certi fi cati on  bod ies .  

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

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 nd ivi dual  experts  and  
members  of i ts  techn ical  comm i 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 ing  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 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 cation  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 
paten t ri gh ts.  I EC shal l  not  be  hel d  responsible  for i den ti fyi ng  any or a l l  such  paten t ri gh ts .  

I n ternational  Standard  I EC 621 53-4-1 5  has  been  prepared  by I EC techn ical  comm ittee  46:  
Cables,  wi res,  wavegu ides,  R.F.  connectors,  R.F.  and  m icrowave passive  components  and  
accessories.  

The  text of th is  standard  is  based  on  the  fol lowing  documents:  

FDIS  Report  on  voti ng  

46/573/FDIS  46/586/RVD 

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

Th is  publ ication  has  been  drafted  in  accordance wi th  the  I SO/IEC Di rectives,  Part 2 .  
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A l i st of a l l  the  parts  i n  the  I EC 621 53-4  series  publ ished  under the  general  ti tle  Metallic 
Communication Cable test methods – Electromagnetic compatibility (EMC),  can  be  found  on  
the  I EC websi te.  

The  committee  has  decided  that the  contents  of th is  publ ication  wi l l  remain  unchanged  unti l  the  
stabi l i ty date  i nd icated  on  the  I EC websi te  under "h ttp: //webstore. iec. ch"  i n  the  data  related  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 tion ,  or 

•  amended .  

A b i l ingual  version  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 understanding  

of i ts  contents.  Users  should  therefore print  th is  document using  a  colour printer.  
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METALLIC COMMUNICATION  CABLE TEST METHODS –  

 

Part 4-1 5:  Electromagnetic compatibi l i ty (EMC)  –  

Test method  for measuring  transfer impedance and  screening   

attenuation  – or coupl ing  attenuation  with  triaxial  cel l  

 

 

 

1  Scope 

This  part of I EC 621 53  speci fies  the  procedures  for measuring  wi th  triaxial  cel l  the  transfer 
impedance,  screen ing  attenuation  or the  coupl ing  attenuation  of connectors,  cable  assembl ies  
and  components,  e. g .  accessories  for analogue  and  d ig i tal  transm ission  systems and  
equ ipment for commun ication  networks  and  cabl ing  ( in  accordance wi th  the  scope of I EC 
techn ical  comm ittee  46).  

Measurements  can  be  ach ieved  by applying  the  device  under test d i rect to  the  triaxial  cel l  or 
wi th  the  tube  in  tube  method  in  accordance wi th  I EC 621 53-4-7.  

2  Normative references  

The fol lowing  documents,  i n  whole  or i n  part,  are  normatively referenced  in  th is  document and  
are  i nd ispensable  for i ts  appl ication .  For dated  references,  on ly the  ed i tion  ci ted  appl ies.  For 
undated  references,  the  latest ed i tion  of the  referenced  document ( includ ing  any amendments)  
appl ies.  

I EC 61 1 96-1 ,  Coaxial communication cables – Part 1 :  Generic specification – General,  
definitions and requirements  

I EC TS  621 53-4-1 : 201 3,  Metallic communication cable test methods – Part 4-1 : 
Electromagnetic Compatibility (EMC)  − Introduction to electromagnetic screening 
measurements  

I EC  621 53-4-3,  Metallic communication cable test methods – Part 4-3: Electromagnetic 
compatibility (EMC)  − Surface transfer impedance − Triaxial method  

I EC  621 53-4-4,  Metallic communication cable test methods – Part 4-4: Electromagnetic 
compatibility (EMC)  – Shielded screening attenuation,  test method for measuring of the 
screening attenuation as up to and above 3 GHz  

I EC  621 53-4-7,  Metallic communication cable test methods – Part 4-7: Electromagnetic 
compatibility (EMC)  – Test method for measuring the transfer impedance and the screening – 
or the coupling attenuation – Tube in  tube method 

I EC  621 53-4-8,  Metallic communication cable test methods – Part 4-8: Electromagnetic 
compatibility (EMC)  – Capacitive coupling admittance  

I EC 621 53-4-9:2009,  Metallic communication cable test methods – Part 4-9: Electromagnetic 
compatibility (EMC)  – Coupling attenuation of screened balanced cables,  triaxial method 

I EC  621 53-4-1 0,  Metallic communication cable test methods – Part 4-10: Shielded screening 
attenuation test method for measuring the screening effectiveness of feed-troughs and 
electromagnetic gaskets double coaxial method 
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IEC TS  621 53-4-1 6,  Metallic communication cable test methods –  Part 4-16:  Extension of the 
frequency range to higher frequencies for transfer impedance and to lower frequencies for 
screening attenuation measurements using the triaxial set-up  

3 Terms and  defin i tions  

For the  purposes  of th is  document,  the  terms  and  defin i tions  g iven  in  I EC 61 1 96-1  and  the  
fol lowing  apply.  

3.1   

triaxial  cel l  
rectangu lar housing  i n  analogy to  the  principles  of the  triaxial  test procedure,  consisting  of a  
non-ferromagnetic metal l ic  material  

Note  1  to  en try:  The  tri axial  test  procedure  i s  described  i n  I EC 621 53-4-3  and  I EC 621 53-4-4.  

3.2   

surface transfer impedance 

ZT  
for an  electrical ly short screen ,  quotient of the  long i tud inal  vol tage  U1  i nduced  to  the  i nner 

ci rcu i t by the  current I2  fed  i n to  the  outer ci rcu i t or vice  versa  [Ω ]  (see  F igure  1 )  

Note  1  to  en try:  The  val ue  ZT of an  e l ectri cal l y short  screen  i s  expressed  i n  ohms  [Ω ]  or decibel s  i n  re lati on  to  

1  Ω .   

 

Figure 1  – Defin i tion  of ZT  
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Z =  (1 )  

 ( )













⋅=

Ω
Ω

1
lg20dB

T
T

Z
Z  (2)  

3.3   

effective transfer impedance  

ZTE  
impedance defined  as:  

 TFTE max ZZZ ±=  (3)  

where  ZF  i s  the  capaci tive  coupl ing  impedance 

IEC  

U1  
l < λ/1 0 

I2  I2  
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3.4  

screening  attenuation   

as  
for electrical ly long  devices,  i . e.  above  the  cu t-off frequency,  l ogari thm ic ratio  of the  feed ing  
power P1  and  the  period ic maximum  values  of the  coupled  power Pr,max  i n  the  ou ter ci rcu i t  

 













⋅=

max,r

1
s Envlg1 0

P

P
a  (4)  

where  

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

Note  1  to  en try:  The  screen ing  attenuation  of an  e l ectri cal l y short  device  i s  defi ned  as:  

 
TE

s
1 50

lg20
Z

a
Ω

⋅=  (5)  

where  

1 50  Ω  i s  the  standard ized  impedance  of the  ou ter ci rcu i t.  

3.5  

coupl ing  attenuation   

ac  
for a  screened  balanced  device,  sum  of the  unbalance  attenuation  au  of the  symmetric pai r and  

the  screen ing  attenuation  as  of the  screen  of the  device  under test  

Note  1  to  en try:  For e l ectri cal l y l ong  devices,  i . e.  above  the  cu t-off frequency,  the  coupl i ng  attenuation  ac i s  

defi ned  as  the  l ogari thm ic rati o  of the  feed ing  power P1  and  the  peri od ic  maximum  values  of the  coupled  power 

Pr,max i n  the  ou ter ci rcu i t.  

3.6   

coupl ing  length  
length  of cable  wh ich  is  i ns ide  the  test j ig ,  i . e.  the  length  of the  screen  under test  

Note  1  to  en try:  The  coupl i ng  l eng th  i s  e l ectri cal l y short,  i f 

 r1
o 1 0 ελ ⋅>
L

 or 

r1

o

1 0 ε⋅⋅
<

L

c
f  (6)  

or e l ectri cal l y l ong ,  i f <  

 r2r1
o –2 εελ ⋅≤
L

 or 

r2r1

o

–2 εε⋅⋅
>

L

c
f  (7)  

where  

L  i s  the  effecti ve  coupl i ng  l ength  i n  m ;  

λ0  i s  the  free  space  wave  l eng th  i n  m ;  

εr1  i s  the  resu l ti ng  relati ve  perm i tti vi ty of the  d ie lectri c  of the  cable;  

εr2  i s  the  resu l ti ng  relati ve  perm i tti vi ty of the  d ie lectri c  of the  secondary ci rcu i t;  

f i s  the  frequency i n  Hz;  

c0   i s  the  veloci ty of l i gh t  i n  free  space.  
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3.7   

device under test  

DUT 
connector wi th  mating  connector and  attached  connecting  cables  or cable  assembly consisting  
of the  assembly wi th  thei r attached  mated  connectors  and  wi th  connecting  cables   

4 Physical  background  

See 621 53-4-1 ,  621 53-4-3,  621 53-4-4  and  Annexes  A to  F.  

5 Principle  of the test methods  

5.1  General  

The IEC 621 53-4-x series  describes  d i fferent test procedures  to  measure  screen ing  
effectiveness  on  commun ication  cables,  connectors  and  components.  

Table  1  g ives  an  overview about I EC 621 53-4-x test procedures  wi th  the  triaxial  test set-up.  

Table  1  – IEC  621 53-4-x,  Metal l ic  communication  cable  test methods  –  

Test procedures  with  triaxial  test set-up 

I EC 621 53-  4-x Metal l i c  commun ication  cable  test  methods  – E lectromagneti c  compatibi l i ty (EMC)  

I EC TS  621 53-4-1   I n troduction  to  e l ectromagneti c  screen ing  measurements  

I EC 621 53-4-3  Surface  transfer impedance  – Triaxial  method  

I EC 621 53-4-4  Sh iel ded  screen ing  attenuation ,  test  method  for measuring  of the  screen ing  attenuation  a
S
 u p  

to  and  above  3  GHz 

I EC 621 53-4-7  Sh iel ded  screen ing  attenuation  test  method  for measuring  the  Transfer impedance  Z
T
 and  

the  screen ing  attenuation  a
S
 or the  coupl i ng  attenuation  a

C
 of RF-connectors  and  assembl ies  

up  to  and  above  3  GHz,  tube  i n  tube  method  

I EC 621 53-4-9  Coupl i ng  attenuation  of screened  balanced  cables,  tri axia l  method   

I EC 621 53-4-1 0  Sh iel ded  screen ing  attenuation  test  method  for measuring  the  screen ing  effecti veness  of 
feedtroughs  and  e l ectromagneti c  gaskets  double  coaxial  method  

I EC 621 53-4-1 5  Test method  for measuring  transfer impedance  and  screen ing  attenuation  – or coupl i ng  
attenuation  wi th  tri axial  ce l l  

I EC TS  621 53-4-1 6   Extension  of the  frequency range  to  h i gher frequencies  for transfer impedance  and  to  l ower 
frequencies  for screen ing  attenuation  measurements  us ing  the  tri axial  set-up  

 

Larger connectors  and  cable  assembl ies  do  not fi t  i n to  the  commercial  avai lable  test rigs  of the  
triaxial  test procedures  of the  I EC 621 53-4-x series  accord ing  to  Table  1 ,  wh ich  have  been  
designed  orig inal ly to  measure  transfer impedance  and  screen ing  attenuation  on  
communication  cables,  connectors  and  assembl ies.  

Since  rectangu lar housings  wi th  RF-tight caps  are  easier to  manufacture  than  tubes,  the  
“triaxial  cel l ”  was  designed  to  test l arger components  l i ke  connectors  and  assembl ies.  The  
principles  of the  triaxial  test procedures  accord ing  to  the  I EC 621 53-4-x series  can  be  
transferred  to  rectangu lar housings.  Tubes  and  rectangu lar housings  can  be  operated  in  
combination  in  one  test set-up,  see  F igure  2  and  F igure  3.  
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Figure 2  – Principle  depiction  of the  triaxial  cel l  to  measure  transfer  

impedance and  screening  attenuation   

I n  principle,  the  triaxial  cel l  can  be  used  in  accordance wi th  al l  triaxial  procedures  of Table  1 ,  
where  orig inal ly a  cyl indrical  tube  i s  used .  The  screen ing  effectiveness  of connectors,  
assembl ies  or other components  can  be  measured  in  principle  i n  the  tube  as  wel l  as  in  the  
triaxial  cel l .  Test resu l ts  of measurements  wi th  tube  and  wi th  triaxial  cel l  correspond  wel l .  

 

Figure 3  – Principle  depiction  of the  triaxial  cel l  to  measure  transfer  

impedance and  screening  attenuation  of assembl ies   

wi th  tube in  tube  according  to  IEC  621 53-4-7  

The triaxial  cel l  test set up  is  based  on  the  triaxial  system  accord ing  to  I EC 621 53-4-3  and  
I EC 621 53-4-4  consisting  of the  DUT,  a  sol id  metal l ic  housing  and  (optional )  a  RF-tight 
extension  tube.  The  matched  device  under test,  DUT,  wh ich  is  fed  by a  generator forms  the  
d isturbing  ci rcu i t  wh ich  may a lso  be  designated  as  the  i nner or the  primary ci rcu i t.   

The  d isturbed  ci rcu i t,  wh ich  may also  be  designated  as  the  outer or the  second  ci rcu i t,  i s  
formed  by the  ou ter conductor of the  device  under test,  connected  to  the  connecting  cable  (or 
the  tube  in  tube,  i f appl icable)  and  a  sol id  metal l ic  housing  or cel l  having  the  DUT in  i ts  axis.  

5.2  Transfer impedance 

The test determ ines  the  screen ing  effectiveness  of a  sh ielded  device  by applying  a  wel l -defined  
current and  vol tage  to  the  screen  of the  cable,  the  assembly or the  device  under test and  
measuring  the  induced  vol tage  in  secondary ci rcu i t i n  order to  determ ine  the  surface  transfer 
impedance.  Th is  test measures  on ly the  galvan ic and  magnetic component of the  transfer 
impedance.  To  measure  the  electrostatic  component ( the  capaci tance  coupl ing  impedance) ,  
the  method  described  in  I EC 621 53-4-8  shou ld  be  used .  
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The  triaxial  method  for the  measurement of the  transfer impedance i s  i n  general  su i table  in  the  
frequency range  up  to  30  MHz for a  1  m  sample  length  and  1 00  MHz for a  0 , 3  m  sample  length ,  
wh ich  corresponds  to  an  electrical  length  less  than  1 /6  of the  wavelength  in  the  sample.  A 
detai led  description  cou ld  be  found  in  Clause  9  of I EC/TS 621 53-4-1 : 201 3  as  wel l  as  i n  
IEC 621 53-4-3.  

5.3  Screening  attenuation  

The  d isturbing  or primary ci rcu i t i s  the  matched  cable,  assembly or component under test.  The  
d isturbed  or secondary ci rcu i t consists  of the  ou ter conductor (or the  ou termost l ayer i n  the  
case  of mu l tiscreen  cables  or devices)  of the  cable  or the  assembly or the  device  under test 
and  a  sol id  metal l ic  housing ,  having  the  device  under test in  i ts  axis  (see  F igure  3).  

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 is  not 
necessary.  The  expected  vol tage  peaks  at the  far end  are  not dependent on  the  i nput 
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  of housings  of su fficien t s ize.  A detai led  description  cou ld  be  found  in  Clause  1 0  of 
I EC/TS  621 53-4-1 : 201 3  as  wel l  as  i n  I EC  621 53-4-4.  

5.4 Coupl ing  attenuation  

Balanced  cables,  connectors,  assembl ies  or devices  wh ich  are  d riven  in  the  d i fferential  mode 
may rad iate  a  smal l  part of the  input power,  due  to  i rregu lari ties  i n  the  symmetry.  For 
unscreened  balanced  cables,  connectors,  assembl ies  or devices,  th is  rad iation  i s  related  to  the  
unbalance  attenuation  au .  For screened  balanced  cables,  connectors  or assembl ies ,  the  
unbalance  causes  a  current i n  the  screen  wh ich  i s  then  coupled  by the  transfer impedance  and  
capaci tive  coupl ing  impedance in to  the  outer ci rcu i t.  The  rad iation  is  attenuated  by the  screen  
of the  component and  i s  related  to  the  screen ing  attenuation  as .  

Consequently the  effectiveness  against electromagnetic d isturbances  of sh ielded  balanced  
cables,  connectors  or assembl ies  i s  the  sum  of the  unbalance  attenuation  au  of the  pair and  the  

screen ing  attenuation  as  of the  screen .  S ince  both  quanti ties  usual ly are  g iven  in  a  logari thm ic 

ratio,  they may s imply be  added  to  form  the  coupl ing  attenuation  ac:  

 suc aaa +=  (8)  

Coupl ing  attenuation  ac  i s  determ ined  from  the  logari thm ic ratio  of the  feed ing  power P1  and  

the  period ic maximum  values  (the  envelope)  of the  power Pr,max (wh ich  may be  rad iated  due  to  

the  peaks  of vol tage  U2  i n  the  ou ter ci rcu i t) :  
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where  

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

The  relationsh ip  of the  rad iated  power Pr  ( related  to  the  normal ised  impedance of the  

envi ronment ZS=1 50Ω),  to  the  measured  power P2  received  on  the  input impedance of the  

receiver R  i s :  
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There  wi l l  be  a  variation  of the  vol tage  U2  on  the  far end ,  caused  by the  electromagnetic 
coupl ing  through  the  screen  and  superposi tion  of the  partial  waves  caused  by the  surface  
transfer impedance ZT  ,  the  capaci tive  coupl ing  impedance ZF  ( travel l ing  to  the  far and  near 
end)  and  the  total ly reflected  waves  from  the  near end .  

To  feed  the  balanced  device  under test,  a  d i fferential  mode s ignal  i s  necessary.  Th is  can  be  
ach ieved  wi th  a  two port network analyser (generator and  receiver)  and  a  balun  or a  mu l tiport 
network analyser (two generators  wi th  1 80°  phase  sh i ft  and  one  receiver) .  The  procedure  to  
measure  coupl ing  attenuation  wi th  a  mu l tiport network analyser is  under consideration .  

5.5 Tube in  tube method  

I f requ ired ,  measurements  accord ing  to  I EC 621 53-4-7  can  also  be  ach ieved  in  the  triaxial  cel l .  
The  measurements  shal l  be  performed  in  accordance wi th  I EC 621 53-4-7  bu t using  the  triaxial  
cel l  i nstead  of the  tube  fixture  (see  F igure  2  and  F igure  3).  

6 Test procedures  

6.1  General  

The measurements  shal l  be  carried  ou t at the  temperature  of (23  ±  3)  °C.  The  test method  
determ ines  the  transfer impedance or the  screen ing  attenuation  or the  coupl ing  attenuation  of 
a  DUT by measuring  i n  a  triaxial  test set-up  accord ing  to  I EC 621 53-4-3  and  I EC 621 53-4-4.  

6.2  Triaxial  cel l  

The triaxial  cel l  consists  of a  rectangu lar housing  in  analogy to  the  principles  of the  triaxial  test 
procedures  accord ing  to  I EC  621 53-4-3  and  I EC 621 53-4-4.  The  material  of the  housing  shal l  
be  of non-ferromagnetic metal l ic  material .  The  length  of the  housing  shou ld  be  preferably 1  m .  

Reflexions  of the  transm i tted  s ignal  may occur ( in  the  ou ter ci rcu i t) ,  due  to  the  deviation  of the  
characteristic impedances.  The  plane  of the  short ci rcu i t at  the  near end  (generator s ide)  
shou ld  be  therefore  preferably d i rect at the  wal l  of the  housing .   

At the  receiver s ide,  the  transi tion  of the  housing  to  the  coaxial  system  impedance 
(50  Ω-system)  shou ld  be  a lso  d i rect at the  wal l  of the  housing .  

6.3  Cut off frequencies,  h igher order modes  

The  housing ,  respectively the  triaxial  cel l ,  i s  i n  principle  a  cavi ty resonator wh ich  shows  
d i fferent resonance frequencies,  depend ing  on  i ts  d imensions.  

For a  rectangu lar cavi ty resonator,  the  resonance frequencies  can  be  calcu lated  accord ing  to  
equation  (1 1 ).  For th is  calcu lation ,  one  of the  parameters  M,N may be  set to  zero.  Conductive  
parts  i nside  the  cavi ty resonator or a  poor centering  of the  DUT in  the  triaxial  cel l  may lead  to  
deviating  resonance frequencies  or to  mute  them .  
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where  

M,N are  the  number of modes  (even ,  2  of 3  >  0 ) ;  
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a, b, c  are  the  d imensions  of cavi ty;  

c0  i s  the  veloci ty of l i ght in  free  space.  

Measurements  of screen ing  attenuation  can  be  ach ieved  up  to  the  fi rst cu t off frequency,  
(M,  N =  1 ) .  

The  behaviour of the  triaxial  cel l  above the  fi rst cu t off frequency i s  under consideration .   

6.4 Test equ ipment 

The measurements  can  be  performed  using  a  vector network analyser (VNA)  or a l ternatively a  
d iscrete  s ignal  generator and  a  selective  measuring  receiver.  

The  measuring  equ ipment consists  of the  fol lowing :  

a)  a  vector network analyser (wi th  S-parameter test set)  or a l ternatively 

– a  s ignal  generator wi th  the  same characteristic impedance as  the  coaxial  system  of the  
cable  under test or wi th  an  impedance  adapter and  complemented  wi th  a  power 
ampl i fier i f necessary for very h igh  screen ing  attenuation ,  and   

– a  receiver wi th  optional  low noise  ampl i fier for very h igh  screen ing  attenuation .  

b)  Impedance match ing  ci rcu i t i f necessary:  

– primary s ide:  nom inal  impedance of generator,  

– secondary s ide:  nom inal  impedance of the  inner ci rcu i t,  

– loss:  >1 0  dB,  

c)  balun  for impedance match ing  of unbalanced  generator ou tput s ignal  to  the  characteristic 
impedance of balanced  cables  for measuring  the  coupl ing  attenuation .  Requ i rements  for 
the  balun  are  g iven  in  I EC 621 53-4-9:2008,  subclause  6. 2.  Al ternatively a  VNA wi th  m ixed  
mode option  may be  used ,  see  IEC/TR 61 1 56-1 -2,  

Optional  equ ipment i s :  

d )  time  domain  reflectometer (TDR)  wi th  a  ri se  time of l ess  than  200  ps  or network analyser 
wi th  maximum  frequency up  to  5  GHz and  time domain  capabi l i ty.  

6.5 Cal ibration  procedure  

The cal ibration  shal l  be  establ ished  at the  same frequency poin ts  at wh ich  the  measurement of 
the  transfer impedance i s  done,  i . e.  i n  a  l ogari thm ic frequency sweep over the  whole  frequency 
range,  wh ich  i s  speci fied  for the  transfer impedance.  

When  using  a  vector network analyser wi th  S-parameter test-set,  a  fu l l  two  port cal ibration  
shal l  be  establ ished  includ ing  the  connecting  cables  used  to  connect the  test set-up  to  the  test 
equ ipment.  The  reference planes  for the  cal ibration  are  the  connector in terface  of the  
connecting  cables.  

When  using  a  (vector)  network analyser wi thout S-parameter test-set,  i . e.  by using  a  power 
spl i tter,  a  THRU  cal ibration  shal l  be  establ ished  includ ing  the  test l eads  used  to  connect the  
test set-up  to  the  test equ ipment.  

When  using  a  separate  s ignal  generator and  receiver,  the  composi te  loss  of the  test l eads  shal l  
be  measured  and  the  cal ibration  data  shal l  be  saved ,  so  that the  resu l ts  may be  corrected .  
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acal  I s  the  attenuation  obtained  at the  cal ibration  procedure  

P1  i s  the  power fed  during  cal ibration  procedure;  

P2  i s  the  power at the  receiver during  cal ibration  procedure.  

I f ampl i fiers  are  used ,  thei r gain  shal l  be  measured  over the  above mentioned  frequency range  
and  the  data  shal l  be  saved .  

I f an  impedance  match ing  adapter or balun  i s  used ,  the  attenuation  shal l  be  measured  over the  
above-  mentioned  frequency range  and  the  data  shal l  be  saved .  

6.6  Test leads  and  connecting  cables  to  DUT 

Test leads  and  connecting  cables  to  the  DUT shal l  be  wel l  screened .   

I n  case  of measuring  transfer impedance,  the  transfer impedance Zcon  of the  connecting  cables  
i nside  the  test set-up  can  be  measured  separate  ei ther i n  the  triaxial  tube  or i n  the  triaxial  cel l ,  
expressed  in  mΩ /m ,  accord ing  to  I EC 621 53-4-3.  The  length  of the  connecting  cables  i n  the  
set-up  shal l  be  measured ,  the  transfer impedance Zcon  calcu lated  and  be  subtracted  from  the  
measured  transfer impedance of the  DUT.  

I n  case  of screen ing  attenuation  or coupl ing  attenuation ,  the  screen ing  attenuation  or the  
coupl ing  attenuation  of the  connecting  cables  can  be  measured  separate  ei ther in  the  triaxial  
tube  or in  the  triaxial  cel l ,  expressed  i n  dB,  accord ing  to  I EC  621 53-4-4  or I EC 621 53-4-9.  

The  measured  screen ing  attenuation  or coupl ing  attenuation  of the  connecting  cables  i ns ide  
the  set-up  shal l  be  at least 1 0  dB  better than  the  measured  value  of the  DUT.  

7 Sample preparation  

7.1  Coaxial  connector or assembly or quasi -coaxial  component 

The connector or the  assembly or the  component under test shal l  be  connected  to  i ts  mating  
part accord ing  to  the  speci fication  of the  manufacturer.  

A wel l  screened  coaxial  connecting  cable  shal l  be  mounted  to  the  connector,  the  assembly or 
the  component under test and/or i ts  mating  part(s) .  One  end  of the  connecting  cable  shal l  be  
connected  to  the  test head  of the  test set-up  and  matched  wi th  the  nom inal  characteristic 
impedance of the  DUT.  

The  screen  of the  other end  of the  connecting  cable  shal l  be  connected  to  the  wal l  of the  
housing  (the  short ci rcu i t  at  the  generator s ide) .  

I n  case  of tube  in  tube  procedure,  the  other end  of the  connecting  cable  shal l  be  passed  
through  the  rf-tigh t tube  in  tube  and  connected  to  the  generator.  On  the  s ide  of the  device  
under test,  the  screen ,  the  feed ing  cable  shal l  be  connected  to  the  extension  tube  wi th  low 
contact resistance.  On  the  generator s ide,  the  screen  of the  connecting  cable  shal l  not be  
connected  to  the  extension  tube.  The  extension  tube  shal l  be  connected  to  the  wal l  of the  
housing  (the  short ci rcu i t at the  generator s ide).  

7.2  Balanced  or mu ltipin  connector or component 

The device  under test shal l  be  connected  to  i ts  mating  part accord ing  to  the  speci fication  of the  
manufacturer.  

A balanced  or mu l ti -conductor cable  wh ich  is  usual ly used  wi th  the  connector or the  device  
under test shal l  be  mounted  to  the  connector under test and  i t’s  mating  part or to  the  device  
under test accord ing  to  the  speci fication  of the  manufacturer.   
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For the  measurement of transfer impedance or screen ing  attenuation ,  screened  balanced  or 
mu l ticonductor cables  or mu l tipin  conductors  or components  are  treated  as  a  quasi -coaxial  
system .  Therefore,  at the  open  ends  of the  feed ing  cable,  a l l  conductors  of a l l  pai rs  shal l  be  
connected  together.  Al l  screens,  a lso  those  of i nd ividual ly screened  pai rs  or quads,  shal l  be  
connected  together at both  ends.  Al l  screens  shal l  be  connected  over the  whole  ci rcumference 
(see  F igure  4  and  F igure  5).  

One  end  of the  connecting  cable  shal l  then  be  connected  to  the  test head  where  the  connecting  
cable  is  matched  wi th  the  characteristic impedance of the  DUT.  

 

Figure  4 – Preparation  of balanced  or mu ltipin  connectors   

for transfer impedance and  screening  attenuation  

When  measuring  the  coupl ing  attenuation ,  the  connecting  cable  shal l  be  fed  by a  balun  or by 
VNA wi th  mu l timode option  (under consideration).  The  pai r under test shal l  be  matched  by a  
symmetrical /asymmetrical  load .  The  pairs  wh ich  are  not under test shal l  be  left open .  

 

Figure 5  – Preparation  of balanced  or mul tipin  connectors   

for coupl ing  attenuation  measurement 

7.3  Cable  assembl ies  

The connectors  of the  assembly under test shal l  be  connected  wi th  i ts  mating  parts  on  both  
ends  respectively on  one  end  in  case  of s ing le  ended  assembl ies,  accord ing  to  the  
speci fication  of the  manufacturer.  

The  mating  connectors  shal l  be  connected  wi th  wel l  screened  coaxial  feed ing  cables.   

I n  case  of mu l ti -pin  conductor assembl ies,  a l l  conductors  of the  assembly under test shal l  be  
short ci rcu i ted  on  both  ends  in  the  mating  connector.  I f the  assembly under test i s  connected  in  
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i ts  i n tended  use  d i rect to  a  speci fic un i t and  no  mating  connecter i s  avai lable,  the  manufacturer 
of the  assembly shal l  provide  an  appropriate  mating  connector or an  appropriate  adaptation .  
The  mating  connector or the  adaption  shal l  be  wel l  screened ,  at least 1 0  dB  better than  the  
device  under test.  Care  shal l  be  taken ,  that the  connection  of the  connecting  cable  to  the  
mating  connector or the  adaption  is  wel l  screened .  

7.4 Other screened  devices  

The screen ing  effectiveness  of other sh ielded  or screened  devices,  e. g .  screened  cable  
condu i ts,  may also  be  measured .  They shal l  be  prepared  and  treated  as  quasi -coaxial  systems.   

8 Transfer impedance (short – matched)  

8.1  General  

I EC 621 53-4-3  describes  three  d i fferent triaxial  test procedures:  

– test method  A:  Matched  inner ci rcu i t wi th  damping  resistor in  ou ter ci rcu i t;  

– test method  B:  I nner ci rcu i t wi th  load  resistor and  outer ci rcu i t wi thout damping  resistor;  

– test method  C:  (M ismatched)-Short-Short wi thout damping  resistor.  

The  procedure  described  herein  i s  i n  principle  the  same as  test method  B  of I EC  621 53-4-3:  
Matched  inner ci rcu i t  wi thout the  use  of the  impedance match ing  adapter and  wi thout the  
damping  resistor R2.  I t  has  a  h igher dynam ic range  than  test method  A of I EC 621 53-4-3.  Other 
procedures  accord ing  to  621 53-4-3  may be  appl ied  accord ing ly i f requ i red .  

The  load  resistor cou ld  be  ei ther equal  to  the  impedance of the  i nner ci rcu i t or be  equal  to  the  
generator impedance.  The  latter case  is  of i n terest when  using  a  network analyser wi th  power 
spl i tter instead  of S-parameter test set.  

8.2  Principle  block d iagram  of transfer impedance 

A block d iagram  of the  test set-up  to  measure  transfer impedance accord ing  to  test method  B  
of I EC 621 53-4-3  is  shown  in  F igure  6 .  

 

Figure 6  – Test set-up (principle)  for transfer impedance  

measurement according  to  test method  B  of IEC  621 53-4-3  
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8.3  Measuring  procedure 

The length  of the  connecting  cables  inside  the  cel l  to  connect the  DUT shal l  be  measured .   

The  transfer impedance of the  connecting  cables  wh ich  connects  the  DUT shal l  be  measured  
accord ing  to  I EC 621 53-4-3.  The  measured  value  shal l  be  related  to  the  length  of the  
connecting  cables  i nside  the  cel l  to  connect the  DUT,  the  resu l t  i s  the  transfer impedance  of 
the  connecting  cables,  Zcon .  

The  DUT shal l  be  connected  to  the  generator and  the  outer ci rcu i t  (cel l )  to  the  receiver.  

The  attenuation ,  ameas ,  shal l  be  preferably measured  in  a  l ogari thm ic frequency sweep over the  
whole  frequency range,  wh ich  i s  speci fied  for the  transfer impedance and  at the  same 
frequency poin ts  as  for the  cal ibration  procedure:  
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where  

P1  i s  the  power fed  to  i nner ci rcu i t;  

P2  i s  the  power in  the  ou ter ci rcu i t.  

8.4 Evaluation  of test resu l ts  

The conversion  from  the  measured  attenuation  to  the  transfer impedance is  g iven  by fol lowing  
formu la:  
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where  

ZT  i s  the  transfer impedance;  

Z0  i s  the  system  impedance ( in  general  50  Ω) ;  

ameas  i s  the  attenuation  measured  at measuring  procedure;  

acal  i s  the  attenuation  of the  connection  cables  i f not e l im inated  by the  cal ibration  
procedure  of the  test equ ipment;  

Lc  i s  the  coupl ing  length ;  

R1  i s  the  term inating  resistor in  inner ci rcu i t  (ei ther equal  to  the  impedance of the  inner 
ci rcu i t or the  impedance of the  generator);  

Zcon  i s  the  transfer impedance  of connecting  cables.  

NOTE  Contrary to  the  measurement of the  transfer impedance  of cable  screens,  the  transfer impedance  of 
connectors  or assembl ies  i s  not  related  to  l eng th .  

8.5 Test report 

The test report shal l  record  the  test resu l ts  and  shal l  conclude  i f requ i rements  of the  relevant 
detai l  speci fication  are  met.  
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9  Screening  attenuation  

9.1  General  

This  method  is  i n  principle  the  same as  described  in  I EC  621 53-4-4.  

9.2  Impedance matching  

Measuring  of screen ing  attenuation  can  be  ach ieved  wi th  or wi thout impedance match ing .  

I f the  characteristic impedance of the  DUT is  unknown,  the  nom inal  characteristic impedance  
of the  quasi -coaxial  system  can  ei ther be  measured  by using  a  TDR wi th  maximum  200  ps  rise  
time or us ing  the  method  described  in  Annex A of I EC  621 53-4-4.   

An  impedance match ing  adapter to  match  the  impedance  of the  generator and  the  impedance 
of the  quasi -coaxial  system  is  not recommended  as  i t  reduces  the  dynam ic range  of the  test 
set-up  and  may have  sufficient match ing  (return  loss)  on ly up  to  1 00  MHz when  using  sel f-
made adapters  wh ich  are  necessary for impedances  other than  60  Ω or 75  Ω  (see  Annex B  of 
IEC 621 53-4-4).  

9.3  Measuring  with  matched  conditions  

9.3.1  Procedure 

The  DUT shal l  be  connected  to  port 1  and  the  test head  of the  set-up  shal l  be  connected  to  
port 2  of the  vector network analyser (F igure  6).  

The  scattering  parameter S21  shal l  be  measured .  

On ly the  peak values  of the  obtained  screen ing  attenuation  graph  are  used  to  determ ine  the  
envelope  curve  

9.3.2  Evaluation  of test resu l ts  

The screen ing  attenuation  aS  shal l  be  calcu lated  wi th  the  arbi trary determ ined  normal ised  

value  ZS  =  1 50  Ω 1 .  
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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;  

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

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

Z1  i s  the  characteristic impedance  of the  device  under test,  i n  Ω ;  

___________ 

1   Zs  i s  the  normal i sed  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 lati on  to  the  impedance  of the  ou ter ci rcu i t  of the  test  set-up.  
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R I s  the  input impedance of the  receiver;  

αatt  i s  the  attenuation  of the  impedance match ing  adapter – i f used  and  i f not taken  in to  
account otherwise,  e. g .  during  the  cal ibration  procedure  of the  network analyzer.  

Th is  conversion  – equations  1 5  and  1 6  – from  the  measured  forward  transfer scattering  
parameter S21  to  screen ing  attenuation  is  on ly val id  i f the  characteristic impedance of the  ou ter 
ci rcu i t  Z2  i s  h igher than  the  inpu t impedance of the  receiver R (see  I EC/TS  621 53-4-1 :  201 3  
chapter 9).  I n  the  case  where  the  receiver input impedance R i s  h igher than  the  characteristic 
impedance of the  ou ter ci rcu i t Z2  a correction  factor may be  appl ied  (see  Annex G).  

At frequencies  lower than  the  l im i t of the  electrical ly l ong  coupl ing  length ,  the  measurement wi l l  
be  s im i lar to  that for surface  transfer impedance.  

9.4 Measuring  with  mismatch  

9.4.1  General  

The DUT shal l  be  connected  to  port 1  and  the  test head  of the  set-up  shal l  be  connected  to  
port 2  of the  vector network analyser.  

I f not known,  the  characteristic impedance Z1  of the  DUT shal l  be  measured  (see  9. 2) .  

The  scattering  parameter S21  shal l  be  measured .  

On ly the  peak values  of the  obtained  screen ing  attenuation  graph  are  used  to  determ ine  the  
envelope  curve.  

9.4.2  Evaluaton  of test resu l ts  

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

shal l  be  calcu lated  wi th  the  arbi trary determ ined  normal ised  value  ZS  =  1 50  Ω2.  
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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;  

R i s  the  receiver i npu t impedance 

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

S21  i s  the  scattering  parameter S21  (complex quanti ty)  of the  set-up  where  the  primary s ide  
of the  two port i s  the  DUT and  the  secondary s ide  is  the  tube;  

r i s  the  reflection  coefficien t between  the  generator impedance  and  the  nom inal  

characteristic impedance of the  cable  under test:  
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ZZ

ZZ
r ;  

___________ 

2  Zs  i s  the  normal i sed  val ue  of the  characteri sti c  impedance  of the  envi ronment of a  typical  cable  i nsta l l ati on .  I t  i s  
i n  no  relati on  to  the  impedance  of the  ou ter ci rcu i t  of the  test  set-up.  
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Z0  i s  the  characteristic impedance  of system  in  Ω ,  (usual ly 50  Ω) ;  

Z1  i s  the  characteristic impedance  of the  device  under test in  Ω .  

Th is  conversion  – equations  1 7  and  1 8  – from  the  measured  forward  transfer scattering  
parameter S21  to  screen ing  attenuation  is  on ly val id  i f the  characteristic impedance of the  ou ter 
ci rcu i t  Z2  i s  h igher than  the  input impedance of the  receiver R (see  I EC/TS  621 53-4-1  201 3  
chapter 9).  I n  the  case  where  the  receiver input impedance R i s  h igher than  the  characteristic 
impedance of the  ou ter ci rcu i t  Z2  a correction  factor may be  appl ied  (see  Annex G).  

9.5 Test report 

The test report shal l  record  the  test resu l ts  and  shal l  conclude  i f requ i rements  of the  relevant 
detai l  speci fication  are  met.  

I f a  l im i ting  value  of the  rad iating  power i s  speci fied  for a  system  operated  wi th  a  defined  power 
level ,  the  d i fference  between  the  power level  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 .  

1 0  Coupl ing  attenuation  

1 0.1  Procedure 

The DUT is  connected  to  the  connecting  cables  accord ing  to  the  i nstructions  of the  
manufacturer and  term inated  at the  far end  by d i fferential  and  common  mode term inations  
accord ing  to  F igure  5.  The  sample  is  then  centered  in  the  cel l .  

The  DUT shal l  be  connected  via  a  balun  to  port 1  ( i . e.  i t  i s  exi ted  i n  d i fferential  mode)  and  the  
test head  of the  set-up  shal l  be  connected  to  port 2  of the  vector network analyser.  The  forward  
transfer scattering  parameter S21  shal l  be  measured .  Al ternatively,  the  DUT may be  fed  by a  
mu l tiport VNA (under consideration).  

On ly the  maximum  peak values  of the  measured  forward  transfer scattering  parameter S21  
shal l  be  recorded  as  a  function  of the  frequency in  order to  determ ine  the  envelope  curve.  

Attenuation  in troduced  by the  i nclusion  of adapters,  i nstead  of d i rect connection ,  and  the  
attenuation  of the  balun  shal l  be  taken  in to  account when  cal ibrating  the  triaxial  apparatus.  

The  maximum  peak values  of the  measured  forward  transfer scattering  parameter S21  are  not 
dependent on  the  d iameter of the  ou ter tube  of the  triaxial  test set-up  or on  the  characteristic 
impedance Z2 of the  outer system ,  provided  that Z2  i s  larger than  the  i npu t impedance  of the  
receiver.  

NOTE  The  procedure  to  measure  wi th  a  VNA wi th  m ixed  mode  option  i nstead  of us i ng  a  bal un  i s  under 
consideration .  

1 0.2  Expression  of resu l ts  

The attenuation  of the  balun  shal l  be  subtracted  from  the  measuring  resu l ts.  The  coupl ing  

attenuation  ac  shal l  be  calcu lated  wi th  the  normal ised  value  ZS  =  1 50  Ω :  
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where  

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

am,m in  i s  the  attenuation  recorded  as  m in imum  envelope  curve  of the  measured  values  in  dB;  

az  i s  the  add i tional  attenuation  of an  eventual ly inserted  adapter,  i f not otherwise  
el im inated  e. g .  by the  cal ibration ,  i n  dB;  

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

S21  i s  the  scattering  parameter S21  (complex quanti ty)  of the  set-up  where  the  primary 
s ide  of the  two  port i s  the  DUT and  the  secondary s ide  i s  the  test head ;  

Z1  i s  the  (d i fferential  mode)  characteristic impedance of the  device  under test in  Ω .  

1 0.3  Test report 

The test report shal l  i nd icate  whether the  resu l ts  of m in imum  coupl ing  attenuation  comply wi th  
the  value  ind icated  in  the  relevant cable  speci fication .  

I f a  l im i ting  value  of the  rad iating  power i s  speci fied  for a  cable  system  operating  wi th  a  defined  
power level ,  the  d i fference between  the  power level  and  the  l im i t of rad iating  power shal l  not be  
greater than  the  coupl ing  attenuation  of the  cable  provided  for the  system .  

1 1  Coupl ing  transfer function  

Under consideration  (see  a lso  Annex D).  
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Annex A 
(informative)  

 

Principle  of the triaxial  test procedure 

With  the  triaxial  test-set up,  one  can  measure  both  the  transfer impedance at the  lower 
frequency range  and  the  screen ing  attenuation  at h igher frequencies.  

The  test set-up  consists  of a  network analyser (or a l ternatively a  d iscrete  s ignal  generator and  
a  selective  measuring  receiver)  and  a  tube  wi th  term inations  to  the  cable  screen  and  the  
network analyser or receiver.  The  material  of the  tube  shal l  be  wel l  conductive  and  non-
ferromagnetic,  for example  brass  or a lum in ium .  

The  cable  under test (CUT),  wh ich  i s  centred  in  the  m idd le  of the  tube,  forms  together wi th  the  
tube  a  triaxial  system  (see  F igure  A. 1 ).  The  inner system  is  the  CUT i tsel f and  the  ou ter system  
is  formed  by the  screen  under test and  the  tube.  

 

Figure A.1  – Principle  test set-up to  measure transfer impedance  

and  screening  attenuation  

The CUT is  term inated  wi th  i ts  characteristic impedance at the  far end  (see  F igure  A. 1 ).  

The  screen  under test i s  short ci rcu i ted  wi th  the  tube  at the  near end  of the  generator.  Due  to  
th is  short ci rcu i t,  the  in fluence of capaci tive  parts  i s  excluded .  

A generator wi th  the  vol tage  U1  feeds  the  inner system .  The  vol tage  U2  i s  measured  wi th  a  
measuring  receiver wi th  an  i nput impedance  equal  to  the  characteristic impedance  of the  tube  

(50  Ω) ,  see  F igure  A. 2.  

 

Figure A.2  – Equ ivalent circu i t  of the  principle  test set-up in  Figure A.1  

The  energy,  wh ich  couples  through  the  weak screen ,  travels  i n to  both  d i rections  of the  tube,  
respectively the  outer system .  At the  short ci rcu i t at the  near end  s ide  of the  generator,  the  
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wave  is  total ly reflected ,  so  that the  receiver measures  the  complete  energy that couples  
through  the  screen .  

At the  low frequency range,  the  transfer impedance ZT  may be  calcu lated  from  the  vol tage  ratio  

U2/U1 :  

 1

2
1T

U

U
ZlZ ⋅≈⋅  i f ZT  <<  Z1  (A. 1 )  

At h igh  frequencies,  the  logari thm ic ratio  of the  i nput power P1  to  the  measured  power P2  on  

the  receiver g ives  the  screen ing  attenuation  aS .  
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I n  order to  compare  the  screen ing  attenuation  wi th  other test procedures  in  accordance wi th  
I EC 621 53-4-4,  the  measured  ratio  of power P1  to  P2  i s  related  to  the  standard ized  

characteristic impedance of the  ou ter system  of 1 50  Ω :  
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where  

P1  i s  the  power fed  to  the  DUT ( inner system);  

P2  i s  the  power measured  at the  receiver (outer system);  

Pr  i s  rad iated  power related  to  the  normal ised  impedance  of the  environment 

 ZS  =  1 50  Ω ;  

U1  I s  the  i npu t vol tage  of the  DUT;  

U2  I s  the  vol tage  measured  at the  receiver;  

ZR  I s  the  input impedance of the  receiver;  

ZG  I s  the  ou tput impedance of the  generator;  

ZS  i s  the  arbi trary determ ined  normal ized  impedance of the  environment of a  typical  cable  

instal lation  ZS  =  1 50  Ω .  
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Annex B  
(informative)  

 

Triaxial  cel l  

Larger connectors  and  cable  assembl ies  do  not fi t  i n to  the  commercial  avai lable  test rigs  of the  
triaxial  test procedure  wh ich  have  been  designed  orig inal ly to  measure  transfer impedance and  
screen ing  attenuation  on  communication  cables,  connectors  and  assembl ies.  

The  “triaxial  cel l ”  was  designed  to  test larger devices  and  assembl ies,  especial ly for the  HV 
cables  and  components  for electromotive  veh icles.  The  principles  of the  triaxial  test procedures  
can  be  transferred  to  rectangu lar housings.   

Tubes  and  rectangu lar housings  can  be  operated  in  combination  i n  one  test rig .  The  screen ing  
effectiveness  of larger connectors  or devices  can  be  measured  in  the  tube  as  wel l  as  i n  the  
triaxial  cel l .  Test resu l ts  of tube  and  cel l  measurements  correspond  wel l .  

The  triaxial  cel l  consists  of a  rectangu lar housing  in  analogy to  the  principles  of the  triaxial  test 
procedure  accord ing  to  I EC 621 53-4-3  and  I EC 621 53-4-4.  The  material  of the  housing  shal l  be  
of non-ferromagnetic metal l ic  material ,  see  F igure  B. 1  and  F igure  B.2.  

 

Figure B.1  – Principle  depiction  of the  triaxial  cel l  to  measure transfer  

impedance and  screening  attenuation  at HV-assembl ies   

wi th  tube in  tube according  to  IEC  621 53-4-7  

Reflexions  of the  transm itted  s ignal  may occur ( in  the  ou ter ci rcu i t) ,  due  to  the  deviation  of the  
characteristic impedances.  The  plane  of the  short ci rcu i t at  the  near end  (generator s ide)  
shou ld  be  therefore  preferably d i rect at the  wal l  of the  housing  of the  cavi ty wi thout any 
add i tional  tube.   

At the  receiver s ide,  the  transi tion  of the  housing  to  the  coaxial  50  Ω  system  shou ld  be  also  
d i rect at the  wal l  of the  housing .  
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Figure B.2  – Example of d i fferent designs  of triaxial  cel ls  

IEC  
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Annex C  
(informative)  

 

Cut off frequencies,  h igher order modes  

The housing  respectively the  triaxial  cel l  i s  in  principle  a  cavi ty resonator wh ich  shows d i fferent 
resonance frequencies,  depend ing  on  i ts  d imensions.  

For a  rectangu lar cavi ty resonator,  the  resonance frequencies  can  be  calcu lated  accord ing  to  
equation  (C. 1 ).  For th is  calcu lation ,  one  of the  parameters  M ,N ,P  may be  set to  zero.  
Conductive  parts  i nside  the  cavi ty resonator may lead  to  deviating  resonance frequencies  or to  
mute  them .  
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where   

M,N, P  are  the  number of modes  (even ,  2  of 3  >0);  

a, b, c  are  the  d imensions  of cavi ty;  

c0  i s  the  veloci ty of l i ght in  free  space.  

For the  d imensions  of the  triaxial  cel l s  of 1 36/1 36/99  mm ,  750/250/250  mm  and  
1  000/300/300  mm  resonance frequencies  are  g iven  in  Table  C. 1  up  to  3  GHz.  S ince  the  
device  under test i s  placed  inside  the  cavi ty,  the  resonance frequencies  during  the  test may 
deviate  from  the  calcu lated  frequencies.  

Measurements  of transfer impedance and  screen ing  attenuation  of a  cable  RG  1 1  wi th  s ing le  
braid  construction  wi th  tube  and  wi th  triaxial  cel l  wi th  a  length  of 1  m  show the  same resu l ts  up  
to  the  fi rst resonance frequency of about 720  MHz.   

Table  C.1  – Resonance frequencies  of d i fferent triaxial  cel ls  

1 36-er cel l  750-er cel l  1  000/1 50-er cel l  1  000/300-er cel l  

a  b  c   a  b  c   a  b  c   a  b  c   

1 36  1 36  99   750  250  250   1 000  1 50  1 50   1 000  300  300   

                

m  n  p  f/GHz m  n  p  f/GHz m  n  p  f/GHz m  n  p  f/GHz 

1  1  1  2 , 1 7  1  1  1  0 , 87  1  1  1  1 , 41  1  1  1  0 , 72  

1  2  0  2 , 47  1  2  0  1 , 22  1  2  0  2 , 00  1  2  0  1 , 01  

0  2  1  2 , 68  0  2  1  1 , 34  0  2  1  2 , 24  0  2  1  1 , 1 2  

1  2  1  2 , 89  1  2  1  1 , 36  1  2  1  2 , 24  1  2  1  1 , 1 3  

2  2  0  3 , 1 2  2  2  0  1 , 26  2  2  0  2 , 00  2  2  0  1 , 04  

0  1  2  3 , 22  0  1  2  1 , 34  0  1  2  2 , 24  0  1  2  1 , 1 2  

1  1  2  3 , 41  1  1  2  1 , 36  1  1  2  2 , 24  1  1  2  1 , 1 3  

2  2  1  3 , 47  2  2  1  1 , 40  2  2  1  2 , 24  2  2  1  1 , 1 6  

0  2  2  3 , 75  0  2  2  1 , 70  0  2  2  2 , 83  0  2  2  1 , 41  

1  2  2  3 , 91  1  2  2  1 , 71  1  2  2  2 , 83  1  2  2  1 , 42  

2  3  0  3 , 98  2  3  0  1 , 84  2  3  0  3 , 00  2  3  0  1 , 53  
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F igures  C. 1  and  C.2  show measurements  of transfer impedance and  screen ing  attenuation  of a  
cable  RG  1 1  wi th  s ing le  braid  construction  wi th  tube  and  wi th  triaxial  cel l  of a  l ength  of 1  m .   

Up  to  the  calcu lated  fi rst resonance frequency of about 720  MHz,  no  deviation  of the  measured  
curves  can  be  observed .  

 

Figure  C.1  – Comparison  of the  measurements  wi th  tube and  with  triaxial  cel l   

of a  RG  1 1  cable  wi th  single  braid  construction ,  l inear scale  
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Figure C.2  – Comparison  of the  measurements  wi th  tube and  with  triaxial  cel l   

of a  cable  RG  1 1  wi th  single  braid  construction ,  log  scale  

Above the  fi rst resonance frequency of the  cel l  of about 720  MHz,  deviations  of the  maximum  
values  of the  curves  wi th in  3  dB  can  be  found .  Measurements  of samples  wi th  complex 
geometries  are  under further study.  

Measuring  of screen ing  effectiveness  of connectors  and  cable  assembl ies  wi th  the  triaxial  cel l  
i s  under study and  wi l l  be  included  as  add i tional  test procedure  in  the  revised  version  of 
IEC 621 53-4-7.  
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Annex D  
(informative)  

 

Coupl ing  transfer function   

Depend ing  on  the  length  of the  device  under test and  the  frequency,  the  screen ing  
effectiveness  i s  d ivided  in to  the  transfer impedance and  the  screen ing  attenuation .  The  
coupl ing  transfer function  i n  F igure  D. 1  shows the  transfer impedance ZT  and  the  screen ing  
attenuation  as  of a  cable  screen  vs.  frequency.  

Wi th  the  triaxial  procedure,  the  transfer impedance ZT  and  the  screen ing  attenuation  as  can  be  
measured  in  one  test set-up.  

 

Figure D.1  – Measured  coupl ing  transfer function  of a  braided   

screen  vs.  frequency wi th  the  triaxial  cel l  

I n  the  DC range,  respectively at very low frequencies,  the  transfer impedance of a  braided  
screen  is  equal  to  the  DC resistance.  I n  the  range  of about 1  MHz to  1 0  MHz,  the  value  of the  
transfer impedance drops  down  to  lower values  (at optim ized  braids)  and  increases  then  wi th  
about 20  dB  per decade towards  h igher frequencies.  

The  coupl ing  transfer function  Tn , f g ives  the  relation  between  the  screen ing  attenuation  as  and  

the  transfer impedance  ZT of a  cable  screen .  I n  the  lower frequency range,  where  the  cable  

samples  are  electrical ly short,  the  transfer impedance ZT  can  be  measured  up  to  the  cu t off 

frequencies  fcn , f .  Above these  cu t off frequencies  fcn , f i n  the  range  of wave  propagation ,  the  

screen ing  attenuation  as  i s  the  measure  of screen ing  effectiveness.  The  cu t off frequencies  

fcn , f may be  moved  towards  h igher or lower frequencies  by variable  length  of the  cable  under 
test.  
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The  upper cu t off frequency fmax-ZT for measuring  the  transfer impedance depends  on  the  used  
test method  (see  I EC  621 53-4-3)  and  may rough ly be  approximated  by:  

 cr1

ZTmax
L

f
⋅

⋅
≤−

ε

61 050

 (D . 1 )  

The  lower cu t off frequency fmin-as  for measuring  the  screen ing  attenuation  accord ing  to  
I EC 621 53-4-4  i s  g iven  by:  

 
crr1

asmin
L

c
f

⋅−⋅
≥−

2

0

2 εε
  (D. 2)  

where  

c0  i s  the  veloci ty of l i ght in  free  space;  

εr1  i s  the  relative  d ielectric constant of the  i nner system ;  

εr2  i s  the  relative  d ielectric constant of the  ou ter system ;  

Lc  i s  the  coupl ing  length .  

F igure  D. 1  shows the  cu t-off frequencies  of the  transfer impedance ZT  and  of the  screen ing  

attenuation  as .  For a  cable  of 1  m  length  and  a  relative  d ielectric perm i ttivi ty of the  inner 

system  εr  of 2 , 28,  one  obtains  an  undefined  range  or a  “grey zone”  in  the  frequency range  from  
about 30  MHz to  about 300  MHz.  

I n  principle,  the  undefined  range  cou ld  be  covered  by varying  the  length  of the  device  under 
test.  But varying  the  length  of the  device  under test i s  not a lways  desi red  or impossible  in  case  
of DUTs  wi th  fixed  length ,  e. g .  i n  case  of cable  assembl ies.  

Hence i t  shou ld  be  d iscussed  how the  coupl ing  transfer function  cou ld  be  the  measure  for the  
screen ing  effectiveness,  i nclud ing  transfer impedance and  screen ing  attenuation .  

I EC 621 53-4-7  i s  being  revised .  During  th is  revision ,  i t  shou ld  be  d iscussed  to  i n troduce the  
coupl ing  transfer function  as  shown  in  F igure  D. 1 .  The  length  of the  test set-up  cou ld  be  fixed  
to  1  m .  The  value  of the  m in imum  of the  screen ing  attenuation  at  fmin-as  cou ld  be  extended  to  

fmax-ZT and  is  from  here  the  measure  of the  screen ing  attenuation .  W i th  th is  extension ,  the  
screen ing  effectiveness,  consisting  of transfer impedance and  screen ing  attenuation ,  i s  
expl ici tly described  over the  complete  frequency range.  

Furthermore,  wi th  the  new procedure  of I EC 621 53-4-3:201 3,  the  cu t off frequency fmax-ZT of 
the  transfer impedance can  be  moved  towards  h igher frequencies  and  the  undefined  range  can  
be  reduced .  

To  compare  d i fferent devices  and  for qual i fication  purposes,  the  proposed  appl ication  of the  
coupl ing  transfer function  i s  usefu l  i n  any case.  
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Annex E  
(informative)  

 

Attenuation  versus  scattering  parameter S21  

Sometimes  confusion  arises  between  attenuation  and  the  forward  transfer scattering  parameter 
S21 .  By defin i tion  attenuation  is  the  logari thm ic ratio  of the  power at the  inpu t of a  DUT to  the  
power at the  ou tput of the  DUT.  Whereas  the  forward  transfer scattering  parameter S21  relates  
the  output s ignal  to  the  i nput s ignal .  

For passive  components  the  image attenuation  (depend ing  on  the  device  a lso  named  wave 
attenuation  or two port attenuation  or operational  (Betriebs)  attenuation  under matched  
cond i tions)  i s  posi tive  (as  the  output s ignal  i s  smal ler than  the  i nput s ignal )  whereas  the  
scattering  parameter S21  i s  negative.  Therefore  in  the  equations  to  convert the  measured  
scattering  parameter S21  to  the  screen ing  or coupl ing  attenuation  a  m inus  s ign  is  used  in  front 
of the  S21  term  (see  9. 3. 2  and  9. 4. 2)  

Further detai ls  are  described  in  I EC  TR 621 52.  

F igures  E. 1  and  E.2  show the  S21  measurement of a  3dB  attenuator.  The  measurements  have  
been  done  wi th  two d i fferent network analyzers  and  the  resu l ts  show negative  values  as  
expected .  

 

Figure E.1  – Measurement wi th  HP8753D of S21  of a  3dB  attenuator 
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Figure E.2  – Measurement wi th  ZVRE of S21  of a  3dB attenuator 
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Annex F  
(informative)  

 

Appl ication  of a  moveable  shorting  plane 

F.1  Effect of the measurement length  on  the measurement cut-off frequency 

The d istance  of the  shorting  plane  of the  ou ter system  of the  triaxial  test set-up  and  the  
screen ing  cap  of the  test head  (“measurement length”)  defines  the  cu t-off frequency for the  
measurement bandwid th  of the  transfer impedance ZT.  I f a  h igher cu t-off frequency for ZT  i s  
requ i red  a  shorter d istance  between  shorting  p lane  and  test head  i s  needed .  A detai led  
description  of th is  context can  be  found  in  Clause  9  of I EC  621 53-4-1 : 201 3  as  wel l  as  in  
I EC 621 53-4-3.  

F.2  Detai ls  of the movable shorting  plane  

The in troduction  of a  movable  shorting  plane  to  the  triaxial  set-up  in  combination  wi th  the  tub-
in -tube  method  i s  shown  in  F igure  F. 1 .  I t  g ives  fu l l  flexibi l i ty in  choosing  the  shorting  p lane  
d istance  and  therefore  the  cu toff frequency of the  screen ing  measurement.  

 

Figure F.1  – Crosssection  of triaxial  cel l  wi th  movable  shorting  plane 

The main  requ i rements  for such  a  plane  are  a  sufficient conductivi ty of the  plane  material  as  
wel l  as  a  sufficiently l ow contact resistance  between  the  tube- in -tube  and  the  plane  j ust as  the  
contact resistance  between  the  plane  and  the  outer housing  of the  triaxial  cel l .  The  appl ication  
of su i table  spring  contacts  wich  are  a lso  used  in  other EMC appl ications  helps  to  ensure  these  
contact requ irements.  F igures  F. 2,  F . 3  and  F. 4  g ive  design  examples  of such  a  p lane  to  
housing  contact solu tion  and  plane  to  tube  contact solu tion ,  respectively.  
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Figure F.2  – Crosscut of plane shorten ing  housing  and  tube-in-tube 

 

Figure F.3  – Detai l  H  of figure F.2:  contact between  plane and  housing  
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Figure F.4 – Detai l  G  of figure F.2:  contact between  plane and  tube-in-tube 

F.3  Measurement resul ts  

Figure  F.5  shows  a  compi lation  of transfer impedance measurements  made on  one  test sample  
wi th  d i fferent shorting  plane  d istances  appl ied .  The  closer the  plane  gets  to  the  test sample  the  
h igher the  cu toff frequency i s  located  in  the  d iagram .  Since  the  test sample  is  of a  very short 
e longation  i t  therefore  provides  a  local ly concentrated  coupl ing  area.  Th is  resu l ts  i n  
measurement curves  wi th  stead i ly i ncreasing  maximum  values  wi th  a  rippled  character.  The  
ripples  are  generated  by a  quarter wave cancelation  of the  reflected  wave at the  shorting  p lane.  
The  envelope  curve  in  red  ind icates  the  theoretical  transferimpedance character of a  s ing le  
coupl ing  area  as  the  connector under test i s .  

 

Figure F.5  – Compi lation  of transfer impedance test resu l ts   

wi th  d i fferent shorting  plane d istances  
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Annex G  
(informative)  

 

Correction  in  case the receiver input impedance R is   

h igher than  the characteristic impedance of the  outer circuit Z2  

I f the  characteristic impedance of the  ou ter ci rcu i t  Z  i s  l ower than  the  inpu t impedance of the  
receiver,  then  the  envelope  curve  (maximum  values)  of the  measured  forward  transfer 
scattering  parameter S21  wi l l  depend  on  the  input impedance of the  receiver (see  
IEC TS  621 53-4-1 : 201 3  Clause  9  and  F igure  G . 1 ).  I n  th is  case  a  correction  factor shal l  be  used  
to  correct the  test resu l ts.  

 

Figure  G.1  – Example of forward  transfer scattering  parameter S21  for d i fferent 

impedances  in  the  outer ci rcu i t  where the receiver input impedance is  50Ω  

The characteristic impedance of Z2  of the  ou ter ci rcu i t  can  ei ther be  measured  wi th  a  time 
domain  reflectometer TDR or,  i f the  DUT has  a  un i form  cyl indrical  shape,  be  calcu lated  
accord ing  to  equation  G . 1 .  
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where  

εr2  i s  the  d ielectric perm i ttivi ty in  the  ou ter ci rcu i t  

d i s  the  d iameter of the  device  under test  
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Figure G.2  – DUT with  un iform  cyl indrical  shape in  the  centre  of the  cel l  

For a  DUT wi th  un i form  cyl indrical  shape  resu l ting  i n  an  impedance of the  ou ter ci rcu i t  lower 
than  the  receiver i nput impedance a  correction  factor i s  obtained  by Equation  G . 2.  Th is  
correction  factor shal l  be  added  to  the  measured  forward  transfer scattering  parameter 
S21 . (negative  dB  value,  see  Annex E)  

 







⋅−=

2
corr lg20

Z

R
a  (G .2)  

Where  

acorr  i s  the  correction  factor 

R i s  the  input impedance of the  receiver 

Z2  i s  the  characteristic impedance  of the  ou ter ci rcu i t  

For non  un i form  DUT the  correction  i s  not straight forward  as  add i tional  reflections  superpose 
the  resu l ts.  Th is  case  i s  under further study.  
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