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CABLE ASSEMBLIES,  CABLES,  CONNECTORS AND PASSIVE  

M ICROWAVE COMPONENTS –  

SCREENING ATTENUATION  MEASUREMENT BY THE 

 REVERBERATION  CHAMBER METHOD 

 
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  Standards,  Techn ical  Speci fi cations,  
Techn ical  Reports,  Publ i cl y Avai l abl e  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  Commi 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 izations  l i a i s i ng  wi th  the  I EC al so  parti cipate  i n  th i s  preparation .  I EC col l aborates  cl osely 
wi th  the  I n ternational  Organ ization  for Standard 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  poss ible,  an  i n ternational  
consensus  of opin ion  on  the  relevant subjects  s i nce  each  techn ical  commi ttee  has  representation  from  a l 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  
Comm i ttees  i n  that  sense.  Wh i l e  a l l  reasonable  efforts  are  made  to  ensure  that  the  techn i cal  con tent  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  exten t possibl e  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 nature  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  patent  ri gh ts .  

I n ternational  Standard  I EC 61 726  has  been  prepared  by I EC techn ical  comm ittee  46:  Cables,  
wires,  wavegu ides,  R.F.  connectors,  R.F.  and  m icrowave  passive  components  and  
accessories.   

Th is  th i rd  ed i tion  cancels  and  replaces  the  second  ed i tion ,  publ ished  in  1 999.  Th is  ed i tion  
consti tu tes  a  techn ical  revis ion .  

I t  takes  in to  account the  latest developments  in  the  design  of reverberation  chambers  as  
described  in  I EC 61 000-4-21 ,  wh ich  is  a lso  referencing  th is  standard  as  a  possible  test method .  
Furthermore,  an  al ternative  measurement procedure  is  added  wh ich  i s  able  to  reduce the  
measurement time needed .  
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The  text of th is  standard  i s  based  on  the  fol lowing  documents:  

FDIS  Report  on  voti ng  

46/551 /FDIS  46/569/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 .  

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  ind icated  on  the  I EC web s i te  under "h ttp: //webstore. iec.ch"  in  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  issued  at a  later date.  
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CABLE ASSEMBLIES,  CABLES,  CONNECTORS AND PASSIVE  

M ICROWAVE COMPONENTS –  

SCREENING ATTENUATION  MEASUREMENT BY THE 

 REVERBERATION  CHAMBER METHOD 

 

 

 

1  Scope 

The requ irements  of modern  electron ic equ ipment have  ind icated  a  demand  for a  method  for 
testing  screen ing  attenuation  of m icrowave  components  over their whole  frequency range.  
Conven ient test methods  exist for low frequencies  and  components  of regu lar shape.  These  
test methods  are  described  in  the  relevant I EC product speci fications  (e. g .   
I EC 621 53-4-3).  For h igher frequencies  and  for components  of i rregu lar shape,  a  new test 
method  has  become necessary and  such  a  test method  i s  described  in  th is  I n ternational  
Standard .  

Th is  I n ternational  Standard  describes  the  measurement of screen ing  attenuation  by the  
reverberation  chamber test method ,  sometimes  named  mode sti rred  chamber,  su i table  for 
vi rtual ly any type  of m icrowave component and  having  no  theoretical  upper frequency l im i t.  I t  i s  
on ly l im i ted  toward  low frequencies  due  to  the  s ize  of the  test equ ipment,  wh ich  i s  frequency-  
dependent and  i s  on ly one  of several  methods  of measuring  screen ing  attenuation .  

For the  purpose  of th is  standard ,  examples  of m icrowave components  are  wavegu ides,  phase  
sh i fters,  d iplexers/mu l tiplexers,  power d ividers/combiners  etc.  

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 ,  Metallic communication cable test methods – Part 4-1 :  Electromagnetic 
compatibility (EMC)  – Introduction to electromagnetic screening measurements 

IEC 61 000-4-21 ,  Electromagnetic compatibility (EMC)  – Part 4-21: Testing and measurement 
techniques – Reverberation chamber test methods  

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  
I EC 61 000-4-21  apply.  

4 Basic description  of the reverberation  chamber method  

The reverberation  chamber method  for measurement of the  screen ing  attenuation  of 
m icrowave components  consists  of exposing  the  device  under test (DUT)  to  an  a lmost 
homogeneous  and  isotropic electromagnetic field  and  then  measuring  the  s ignal  l evel  i nduced  
in to  the  device.  
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These  cond i tions  are  ach ieved  by the  use  of a  sh ielded  enclosure,  wh ich  acts  as  an  oversized  
cavi ty ( in  terms  of wavelength),  wi th  a  h igh  qual i ty factor.  I ts  boundary cond i tions  are  
continuously ag i tated  by a  rotating  reflective  surface  (mode sti rrer),  mounted  wi th in  the  
chamber,  wh ich  enables  the  field  to  approach  homogeneous  and  i sotropic cond i tions  during  
one  revolu tion .  

E lectromagnetic power is  fed  to  the  chamber by means  of an  i npu t or transm i tting  antenna.  The  
strength  of the  field  ins ide  the  chamber is  measured  through  a  reference  antenna.  The  ratio  of 
the  i n jected  power ( inpu t an tenna)  to  the  received  power (reference  antenna)  i s  the  i nsertion  
loss  of the  cavi ty.  The  insertion  loss  i s  strong ly frequency dependent and  is  a lso  dependent on  
the  qual i ty factor of the  cavi ty.  More  detai led  explanation  on  the  measurement faci l i ty can  be  
found  in  I EC 61 000-4-21 .  

I t  has  been  shown  that,  due  to  the  isotropic field ,  any antenna  placed  inside  the  cavi ty behaves  
as  i f i ts  gain  was  un i ty [2] 1 ,  therefore  no  d i rectional  effect i s  to  be  expected .  I f the  device  under 
test i s  e lectrical ly short,  i ts  screen ing  attenuation  wi l l  be  d i rectly related  to  usual  transfer 
parameters  (Zt  and  Zf) .  I f the  device  under test i s  not electrical ly short,  the  screen ing  
attenuation  may sti l l  be  related  to  Zt  and  Zf  i n  some simple  cases  (even ly d istributed  leakage,  
period ical ly d istribu ted  leakage)  using  summing  functions  derived  from  antenna  network theory.  

5 Measurement of the screening  attenuation  of the  device under test (DUT)  

The measurement of screen ing  attenuation  i s  based  on  the  comparison  of the  e lectromagnetic 
field  power ou tside  the  DUT to  the  electromagnetic fie ld  power induced  in to  the  DUT.  The  
screen ing  attenuation  is  then  defined  as:  

 
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where  

PDUT  i s  the  power coupled  to  the  device  under test (W);  

PREF  i s  the  power coupled  to  the  reference antenna  (W);  

PI NJ  i s  the  power in jected  in to  the  chamber (W);  

D i ns  i s  the  i nsertion  loss  of the  chamber i n  decibels  (dB).  

6 Description  of the test set-up  

6.1  Reverberation  chamber 

The used  reverberation  chamber shal l  be  compl iant to  I EC  61 000-4-21 .  

I n  general ,  a  reverberation  chamber i s  a  sh ielded  enclosure  having  any shape.  A perfect cubic 
shape shou ld  be  avoided  for optimum  performance at l ower frequencies.  I t  shal l  be  made of 
conductive  materials  (copper,  a lum in ium  or steel )  and  shal l  not contain  lossy materials.  The  
s ize  of the  cavi ty depends  on  the  lowest test frequency.  For a  sufficient test faci l i ty,  a  number 
of at l east 1 00  modes  need  to  be  present at th is  frequency.  The  upper frequency l im i t depends  

___________ 
1  Figures  i n  square  brackets  refer to  the  B ib l i ography.  
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on  the  qual i ty of the  sh ield ing  enclosure  and  cables.  Furthermore,  the  sensi tivi ty of the  used  
measurement i nstruments  l im i ts  the  maximum  useable  frequency.  

6.2  Mode stirrer 

The mode sti rrer shal l  be  large  wi th  respect to  wavelength  and  be  bent at ang les  to  the  wal ls  of 
the  chamber.  The  mode sti rrer shal l  be  at l east two wavelengths  from  tip  to  tip  at the  lowest 
test frequency.  

6.3  Antennas  

The reverberation  chamber i s  equ ipped  wi th  i nput and  reference  an tennas.  Both  an tennas  shal l  
present l im i ted  resonances  in  the  frequency range  and  shal l  not in troduce losses;  thei r return  
loss  shal l  be  better than  6  dB.  

For conven ience,  the  same antenna  shou ld  be  kept for the  whole  frequency range.  However,  
strong ly polarised  and  d i rectional  an tennas  may d isturb  measurements  due  to  lack of i sotropic 
field  state.  Th is  i s  checked  during  the  cal ibration  of the  reverberation  chamber accord ing  to  
I EC 61 000-4-21 .  

6.4 Test equ ipment 

The essential  test equ ipment and  components  requ i red  for an  au tomated  screen ing  attenuation  
measurement are  shown  in  F igure  1 .  Preampl i fiers,  ampl i fiers  and  other control  equ ipment may 
also  be  included  in  order to  improve  performance.  The  generator and  the  spectrum  analyser 
shal l  have  a  common,  h igh ly stable  frequency reference.  

 

Figure 1  – Example of a  test set-up  

6.5  Device under test (DUT)  

To avoid  resonances,  the  DUT is  inserted  in to  a  loop  (made of sem i -rig id  coaxial  cable)  having  
a  l ength  of more  than  four wavelengths  at m in imum  frequency.  The  other ports  of the  DUT 
shou ld  be  term inated  wi th  matched  loads  having  a  screen ing  attenuation  at l east 1 0  dB  better 
than  the  DUT.  The  assembly i s  then  placed  inside  the  chamber in  any orientation  and  location ,  
the  coupl ing  zone  being  i ns ide  the  area  of homogeneous  field  accord ing  to  I EC 61 000-4-21 .  
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Th is  i s  usual ly the  case  i f a  m in imum  d istance  from  the  chamber panels  of one  wavelength  at 
the  lowest frequency i s  kept.  I f the  DUT is  a  cable,  i t  shal l  be  ensured  that the  connectors  used  
are  those  recommended  for the  particu lar type  of cable,  i n  order to  m in im ize  in terface  losses.  I f 
the  cable  is  to  be  used  in  a  bent form ,  than  i t  shal l  be  tested  wi th in  the  l im i tations  imposed  by a  
relevant standard  or the  manufacturer.  

Both  ends  of the  loop  are  connected  to  the  ou tputs  from  the  chamber.  One  end  is  term inated  
wi th  a  matched  load  and  the  other end  i s  connected  to  the  spectrum  analyzer.  I t  i s  a lso  
acceptable  to  term inate  the  DUT inside  the  chamber,  in  wh ich  case  the  second  leg  of the  loop  
shal l  be  replaced  by a  s ing le  wi re,  one  end  being  electrical ly l inked  to  the  DUT,  the  other end  to  
a  panel  of the  chamber.  

For the  purpose  of th is  method  of measurement,  wavegu ides  and  wavegu ide  accessories  
(WUT)  are  not coaxial  devices.  Therefore,  they requ ire  to  be  connected  to  the  appropriate  
wavegu ide  to  coaxial  transi tion(s)  in  order to  be  tested  in  the  reverberation  chamber.  

The  measurement of the  dynam ic range,  i nsertion  loss  and  coaxial  cal ibrator shal l  be  carried  
ou t wi th  the  wavegu ide  to  coaxial  transi tion  assembled  in  the  test ci rcu i t  i n  the  same manner as  
for the  testing  of the  WUT.  

The  design  of the  wavegu ide  to  coaxial  transi tions  shal l  be  such  that thei r input and  output 
return  loss  shal l  be  better than  1 5  dB.  Their design  shal l  ensure  that when  they are  assembled  
in to  the  test ci rcu i t,  wi th  a  h igh ly screened  wavegu ide  in  place  of the  WUT,  the  total  screen ing  
effectiveness  (dynam ic range)  shal l  be  at least 1 0  dB  better than  the  speci fication  for the  WUT.  

6.6  Linking  devices  

Linking  devices  are  normal ly 50  Ω  coaxial  l i nes  having  a  screen ing  attenuation  at l east 1 0  dB  
better than  the  DUT.  Depend ing  on  practical  considerations,  sem i -rig id  or sem i -flexible  cables  
may be  used .  

Al l  l i nking  l i nes  shal l  be  characterized  for attenuation  at a l l  test frequencies  prior to  starting  the  
test (attenuators,  cable  assembl ies,  etc. ) .  

Equation  (2)  shal l  be  corrected ,  taking  i n to  account the  insertion  losses  of l i nking  devices:  

 Lins
INJ

DUT
1 0s Δlog1 0 X

P

P
a −−








−=  (3)  

where  XL  i s  the  i nsertion  loss  of a l l  l i nking  devices  inside  or ou tside  the  chamber and  is  
expressed  in  decibels  (dB).  

These  corrections  may be  included  as  part of the  test programme for an  au tomated  test 
system .  They shal l  be  checked  period ical ly and ,  at l east,  during  cal ibration  of the  test system .  

7 Measurement procedure 

7.1  General  

Different approaches  are  acceptable  depend ing  on  the  performance of the  equ ipment:  

– d iscrete  tun ing  (step  posi tion ing  of the  mode sti rrer) ;  

– continuous  tun ing  (constant rotation  of the  sti rrer);  

– peak power acqu is i tion  on  one  revolu tion  of the  mode sti rrer;  

– averaged  power calcu lation  on  one  rotation  of the  mode sti rrer.  
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When  decid ing  on  a  measurement procedure,  i t  shal l  be  recogn ized  that:  

– d iscrete  tun ing  i s  s low and  requ ires  a  l arge  number of sample  measurements  to  be  taken  
per revolu tion  of the  mode sti rrer (200  is  a  usual  value  up  to  20  GHz).  Th is  does,  however,  
resu l t i n  the  acqu is i tion  of more  accurate  measurements ;  

– averaged  power calcu lation  during  one  revolu tion  of the  mode sti rrer d ramatical ly 
decreases  the  dynam ic range  of the  method .  I n  th is  case,  acqu isi tions  shal l  be  recorded  in  
watts  (W)  and  not i n  dBm .  

The  measurement procedure  described  here  is  very econom ical  i n  time,  bu t requ ires  a  modern  
and  stable  spectrum  analyser.  

7.2  Measurement of the  DUT 

7.2.1  General  

Depend ing  on  the  avai lable  measurement instruments  and  the  need  on  dynam ic range,  there  
are  two possibi l i ties  on  measurement.   

7.2.2  Standard  measurement 

The  standard  measurement offers  a  h igh  dynam ic range,  especial ly i f power control led  
ampl i fiers  are  used  at the  ou tput of the  generator.  

The  synthesized  generator i s  connected  to  the  i npu t an tenna  and  set to  del iver a  constant 
power at a  fixed  frequency.  The  mode sti rrer is  set to  rotate at a  constant speed  (for example,  
1  revolu tion  every 5  s) .  

The  spectrum  analyser i s  connected  to  the  ou tpu t of the  device  under test.  I ts  resolu tion  fi l ter i s  
centred  on  the  em i tting  frequency of the  synthesizer and  i s  fixed  (SPAN  0:  demodu lator mode).  

The  spot scans  the  screen  during  a  period  wh ich  is  equal  to  the  time of one  revolu tion  of the  
mode  sti rrer.  

The  resu l ting  trace  wh ich  appears  on  the  screen  shows  the  evolu tion  of the  power as  a  function  
of the  angu lar posi tion  of the  mode sti rrer.  

After one  complete  revolu tion  of the  mode sti rrer,  the  maximum  value  of the  power i s  recorded .  

Screen ing  attenuation  i s  then  calcu lated ,  taking  i n to  account the  attenuation  of l i nks  and  
insertion  loss  of the  cavi ty (equation  (3)).   

The  same procedure  is  repeated  for a l l  the  requ ired  test frequencies.  

7.2.3  Fast measurement 

For a  faster measurement,  a  spectrum  analyser wi th  synchron ized  tracking  generator i s  used  
[5] .  The  resolu tion  bandwid th  i s  set accord ing  to  the  requ irements  on  dynam ic range.  
Furthermore,  the  maximum  hold  function  has  to  be  used .  

To  cal ibrate  the  chamber set up  and  to  determ ine  the  insertion  loss,  a  fi rst measurement i s  
performed  in  wh ich  the  spectrum  analyser input i s  connected  to  the  reference antenna  and  the  
tracking  generator ou tput i s  connected  to  the  i nput an tenna.  The  mode sti rrer i s  tu rn ing  
continuously wi th  e. g .  1  revolu tion  every 5  s .  The  analyser needs  to  be  set in to  a  continuous  
sweep  mode wi th  max hold  function .  To  ensure  that a  sufficien t amount of i ndependent 
samples  have  been  recorded ,  the  sweep time of the  spectrum  analyser and  the  revolu tion  time  
of the  sti rred  must not be  equ ivalent or i n teger mu l tiple  of each  other.  I f no  changes  in  the  max 
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hold  values  can  be  recogn ized ,  the  insertion  loss  of the  chamber has  been  determ ined .  
Therefore,  at  l east 20  sweeps  are  necessary.  

For the  determ ination  of the  screen ing  attenuation ,  the  tracking  generator ou tput has  to  be  
connected  to  the  DUT instead  of the  i nput antenna  and  the  measurement sequence from  the  
fi rst step  i s  repeated .  Then  the  screen ing  attenuation  s imply can  be  calcu lated  by subtracting  
the  resu l t  from  the  fi rst step  from  the  one  of the  second  step.  Th is  can  ei ther be  done  in  a  post 
processing  step  as  wel l  as  by using  the  thru-cal ibration  of modern  spectrum  analysers  wi th  
bu i ld  i n  tracking  generators  ( therefore  the  fi rst step  i s  used  to  cal ibrate  the  system).  

To  check the  maximum  dynam ic range,  the  DUT needs  to  be  replaced  by a  sh ielded  match  
load  and  the  second  measurement has  to  be  performed  wi th  th is  configuration .  I f the  resu l t i s  
not fu l fi l l ing  the  needs  on  dynam ic range,  the  resolu tion  bandwid th  hast to  be  reduced .  I t  has  to  
be  kept i n  m ind  that th is  m ight en large  the  measurement time a  l ot  because  a  reduced  
measurement bandwid th  is  com ing  along  wi th  an  en larged  sweep time.  

7.3  Measurement of the  insertion  loss  of the  cavi ty 

The synthesized  generator i s  connected  to  the  input antenna  and  set to  del iver a  constant 
power at a  fixed  frequency.  The  mode  sti rrer i s  a lso  set to  rotate  at a  constant speed .  Al l  
parameters,  i . e.  rotation  speed  and  spectrum  analyzer set-up  (except for input attenuator and  
reference  level )  shal l  be  the  same as  those  used  during  DUT measurement.  

The  spectrum  analyser i s  connected  to  the  ou tput of the  reference antenna.  After a  complete  
revolu tion  of the  mode sti rrer,  the  maximum  value  of the  power is  recorded .  

The  insertion  loss,  D i ns ,  of the  chamber is  then  calcu lated :  
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where  

PI NJ  i s  the  input power (W);  

PREF  i s  the  ou tput power (W);  

XL  i s  the  i nsertion  loss  of l i nking  devices  (dB).  

NOTE  The  i nsertion  l oss  D i n s  of the  chamber i s  a  function  of frequency and  i s  a  characteri sti c  of each  
reverberation  chamber.  I t  depends  on  construction  parameters  such  as  conducti vi ty of panels ,  geometry,  l ossy 
material s  i ns i de  the  cavi ty,  coupl i ng  through  apertures,  and  measurement parameters  such  as  rotation  veloci ty of 
the  mode  sti rrer and  bandwid th  of the  spectrum  fi l ter.  I t  may be  measured  ei ther before  each  DUT measurement or 
made  part  of the  test  programme for an  au tomated  test  system .  

7.4 Control  of the  test set-up  

7.4.1  Dynamic range 

Prior to  taking  a  set of measurements,  the  dynam ic range  of the  test set-up  shal l  be  checked  
using  the  same l inking  devices  (cables,  connectors)  and  term inations  as  for the  DUT,  except 
that the  DUT shal l  be  replaced  by a  h igh ly screened  device.  The  dynam ic range  shal l  be  at 
least 1 0  dB  better than  the  speci fication  of the  DUT.  
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7.4.2  Insertion  loss  of the  chamber 

I f the  i nsertion  loss  of the  chamber i s  part of the  programme,  i n  an  au tomated  test system ,  i ts  
su i tabi l i ty shal l  be  checked  before  each  set of measurements,  a  DUT being  i nstal led  i n to  the  
chamber.  The  spectrum  analyzer shal l  be  connected  to  the  ou tpu t of the  reference  antenna,  
wh ich  wi l l  be  measured  as  i f i t  was  a  DUT.  I f a  preampl i fier i s  used ,  i t  shou ld  not be  
overloaded ;  cal ibrated  attenuators  shal l  be  added  to  the  ou tput of the  reference an tenna,  as  
requ i red ,  i n  order to  prevent overload .  

The  screen ing  attenuation  shou ld  osci l late  (±3  dB)  around  a  0  dB  value,  or around  the  value  for 
the  attenuators,  i f used .  A systematic d iscrepancy ind icates  that the  model l ing  of i nsertion  loss  
is  incorrect,  e i ther due  to  l osses  in  the  DUT (see  7 . 4. 4)  or to  antenna  problems.  

7.4.3  Measurement of a  cal ibrator 

A cal ibrator i s  a  device  having  stable  screen ing  attenuation .  An  example  of a  cal ibrator i s  g i ven  
in  Annex B.  Such  a  cal ibrator shou ld  be  measured  during  the  fu l l  cal ibration  procedure  for the  
test set-up,  and  compared  to  previous  measurements.  Th is  enables  the  detection  of any 
deviations  or mal function ing  of the  test set-up.  

The  cal ibrator i s  the  subject of on-going  study to  derive  i ts  theoretical  screen ing  attenuation  
from  Zt  and  Zf,  i n  order to  provide  the  necessary data  for cal ibration  of the  test equ ipment.  

7.4.4 Measurement of lossy DUT 

Some inaccuracy may occur when  measuring  a  lossy DUT,  due  to  insufficient mod ing  of the  
reverberation  chamber.  Th is  may be  checked  by veri fying  that during  one  revolu tion  of the  
mode  sti rrer,  the  ratio  between  the  maximum  and  the  m in imum  power at the  ou tput of the  
reference an tenna  exceeds  20  dB.  

7.5 Revolution  speed  of the  mode sti rrer 

The speed  of the  mode sti rrer has  two effects  on  the  test resu l ts:  

– broaden ing  of the  frequency spectrum  del ivered  by the  synthesized  generator;  

– l evel l ing  of power peaks  and  gaps.  

Due  to  both  these  effects,  the  same revolu tion  speed  and  the  same bandwid th  of the  analysis  
fi l ter of the  spectrum  analyser shou ld  be  used  for both  DUT and  insertion  loss  measurements.  
I f th is  i s  not done,  a  systematic error up  to  1 0  dB  cou ld  appear at h igher frequencies.  

I n  practice,  one  turn  every 5  s  i s  a  good  comprom ise  between  accuracy,  measurement dynam ic 
range  and  time saving .  

7.6  Test frequencies  

The mode sti rred  method  exh ibi ts  s ign i ficant changes  in  measured  screen ing  attenuation  for 
close  frequencies  (±3  dB).  Th is  i s  due  to  real  wave  impedance at the  maximum  coupl ing  
posi tion  of the  mode sti rrer (the  averaged  wave impedance is  377  Ω ,  bu t the  real  wave  
impedance may vary widely [2] ) .  To  main tain  accuracy,  an  adequate  number of test 
frequencies  shou ld  be  taken .  One  hundred  poin ts  per decade i s  an  adequate  value.  

For narrow-band  measurement,  the  screen ing  attenuation  value  i s  the  average  of at least 
1 0  closely spaced  frequencies.  
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7.7  Vol tage standing  wave ratio  (VSWR)   

The ind ividual  components  of the  measurement system  shou ld  be  of good  qual i ty,  wi th  an  i npu t 
and  output return  loss  of 1 5  dB  or better.  Th is  appl ies  especial ly to  a l l  components,  cables  and  
instrumentation  i n  the  s ignal  paths  between  both  the  reference  antenna  and  the  DUT.  

Th is  requ irement may be  d i fficu l t  to  ach ieve  for some DUTs,  i n  wh ich  case  a  graph  of return  
loss  against frequency shal l  be  i ncluded  in  the  documentation .  The  return  loss  shal l  be  ≥6  dB.  
Masking  attenuators  may a lso  be  used .  Measurement shal l  be  l im i ted  to  the  frequency range  
that can  on ly be  propagated  by transverse  e lectromagnetic modes  (TEM).  

8 Evaluation  of the test resul ts  

By using  the  described  test method ,  the  screen ing  attenuation  of the  DUT is  measured .  For the  
reasons  g iven  in  7. 6,  the  i deal  curve  is  not a  smooth  one.  Whatever the  frequency steps  are,  
the  measurements  wi l l  osci l late  around  a  mean  curve.  The  order of magn i tude  of the  osci l -
lations  i s  ±3  dB.  The  true  screen ing  attenuation  under 377  Ω  cond i tions  is  said  to  be  the  
average  curve.  Care  shal l  be  taken  not to  confuse  normal  osci l lations  wi th  resonances  of the  
DUT.  

These  resonances  may be  d istingu ished  by subd ivid ing  the  frequency step,  i n  wh ich  case  
normal  osci l lations  wi l l  s ti l l  present the  same aspect whereas  a  resonance peak wi l l  be  clearly 
apparent.  

When  load ing  the  mode sti rrer chamber wi th  the  DUT,  the  resu l ts  shal l  be  corrected  by the  
correspond ing  power level  d i fference measured  wi th  the  receiving  antenna.  
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Annex A 
(informative)  

 

Relationship between  transfer impedance and  screening  attenuation  

For a  s ing le  hole  leakage,  the  proposed  relationsh ip  between  the  transfer impedance para-
meters  and  the  screen ing  attenuation  i s :  

 
1 0/

21f
2

t
2 s1 02 a

ZZZZ
−××=+  (A. 1 )  

where  

Zt  i s  the  surface  transfer impedance (Ω) ;  

Zf  i s  the  capaci tive  coupl ing  impedance (Ω) ;  

Z1  i s  the  characteristic impedance of the  i n ternal  system  (usual ly 50  Ω) ;  

Z2  i s  equal  to  377  Ω ;  

as   i s  the  screen ing  attenuation .  

For d istributed  leakages  ( ideal  cables  for example),  th is  relation  becomes:  
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where  

S(D/λ)  i s  a  summing  function ;  

D  i s  the  length  of the  coupl ing  zone;  

λ  i s  the  free  space wavelength  (m).  

(λ  ≡  c/f)  
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where  

φ  i s  the  ang le  coord inate  i n  a  cyl indrical  coord ination  system  to  be  i n tegrated  from  0°  to  1 80° .  

ε  i s  the  relative  perm i ttivi ty of the  cable.  

Measurement experience  shows that these  formu lae  are  accurate  up  to  5  GHz.  For h igher 
frequencies,  they must be  used  wi th  caution  and  the  correct value  for comparison  shou ld  then  
be  the  screen ing  attenuation .  

NOTE  1  Th i s  method  does  not  a l l ow Zt  and  Zf to  be  calcu lated  separatel y.  However,  th i s  i s  not  usual l y a  problem  
s i nce  Zf  i s  often  equal  to  0 .  

NOTE  2  For e l ectri cal l y l ong  cables  (more  than  0 , 1 λ  at  l owest  test  frequency),  the  screen ing  attenuation  can  be  
assumed  to  be  nearl y constant  versus  frequency and  l ength  of the  DUT when  i ts  surface  transfer impedance  
i ncreases  by 20  dB/decade.  Th i s  behaviour can  be  explained  wi th  the  summ ing  function ,  see  I EC  TS  621 53-4-1 .  
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Annex B  
(informative)  

 

Example of a  cal ibrator 

The centre  part of the  cal ibrator i s  a  50  Ω  a i rl i ne.  End  connectors  are  of a  h igh ly screened  type  
such  as  SMA.  Two holes  d iametrical ly opposed  are  d ri l l ed  in  the  ou ter screen  of the  ai rl ine,  see  
F igure  B. 1 .  

 

D  =  4 , 1  ×  1 0–3  m  

d =  t  =  2 , 1 5  ×  1 0–3  m  

Figure  B.1  – Basic construction  detai ls   

As d =  t,  Zf  i s  neg l ig ible.  Zt  can  be  computed  using  the  fol lowing  formu lae  (see  [3]  and  [4] ) :  

 68,3273
t )]3/(1 0[8 −− ××= efDdZ  (B . 1 )  

where  f i s  the  frequency (Hz).  

Al ternatively d
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where  

v i s  the  number of holes  ( in  th is  appl ication  v = 2);  

µ0  i s  4π  ×  1 0–7  (Vs/Am);  

f i s  the  frequency in  hertz (Hz).  

The  pred icted  screen ing  attenuation  in  a  reverberation  chamber is  (see  Annex A)  

IEC 

  2  holes  ∅d 

∅
D
 

t 
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i f Z1  =  50  Ω  and  Z2  =  377  Ω      

then   ( )[ ] ( )dB46log20 t1 0s +Ω= /Z–a  (B .5)  

W i th  the  values  l i sted  above,  as  at  1  GHz i s  typical ly +94  dB  wi th  the  s lope  of –20  dB/decade.  

The  Zt  formu la  appl ies  main ly for a  triaxial  or i n j ection  l i ne  test set-up  having  long i tud inal  
currents  on  the  cal ibrator.  

Thus  a  perfect correlation  between  experimental  measures  and  theoretical  values  cannot be  
expected .  Nevertheless  these  formu lae  can  be  used  to  estimate  the  order of magn i tude  of the  
pred icted  screen ing  attenuation .  

Fu rther s tud ies  are  con ti nu ing  i n  order to  derive  more  accurate  formu lae  for use  du ring  the  
reverberation  chamber test set-up.  
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