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INTERNATIONAL ELECTROTECHNICAL COMMISSION  

____________ 

 
OPTICAL FIBRES –  

 
Part 1 -61 :  Measurement methods  and  test procedures  –  

Polarization  crosstalk 
 

FOREWORD 

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

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

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

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

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

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

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

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

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

I n ternational  Standard  I EC 60793-1 -61  has  been  prepared  by subcommittee  86A:  F ibres  and  
cables,  of I EC  techn ical  comm ittee  86 :  F ibre  optics.  

The  text of th is  I n ternational  Standard  i s  based  on  the  fo l lowing  documents :  

CDV Report  on  voti ng  

86A/1 739/CDV 86A/1 781 /RVC 

 

Fu l l  i n formation  on  the  voting  for the  approval  of th is  I n ternational  Standard  can  be  found  in  
the  report  on  voti ng  i nd icated  i n  the  above  tab le.  

Th is  document has  been  drafted  i n  accordance  wi th  the  I SO/I EC D irectives,  Part 2 .  

A l i s t of a l l  parts  in  the  I EC  60793  series ,  publ ished  under the  general  ti tl e  Optical fibres,  can  
be  found  on  the  I EC websi te .  
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The  committee  has  decided  that the  con ten ts  of th is  document wi l l  remain  unchanged  un ti 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  re lated  to  
the  speci fic document.  At  th is  date,  the  document wi l l  be   

•  reconfi rmed ,  

•  wi thdrawn ,  

•  rep laced  by a  revised  ed i ti on ,  or 

•  amended .  

A b i l i ngual  vers ion  of th is  publ ication  may be  issued  at  a  l ater date.  
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OPTICAL FIBRES –  
 

Part 1 -61 :  Measurement methods  and  test procedures  –  
Polarization  crosstalk 

 
 
 

1  Scope 

This  part of I EC 60793  establ ishes  un i form  requ i rements  for measuring  the  polari zation  
crosstalk  of polari zation-mainta in ing  (PM)  fi bres .   

Th is  document g i ves  two methods  for measuring  the  polari zation  crosstalk  of PM  fi bres.  
Method  A i s  the  power ratio  method ,  wh ich  uses  the  maximum  and  m in imum  va lues  of ou tput 
power at  a  speci fi ed  wavelength ,  and  Method  B  i s  the  i n - l i ne  method ,  wh ich  uses  an  anal ys is  
of the  Poincaré  sphere.  

Deta i ls  of each  method  are  described  i n  Clause  6.  

Crosstalk  values  obtained  by Methods  A and  B  are  based  on  d i fferent  defi n i tions.  

The  crossta lk  measured  by Method  A i s  defi ned  as  an  "averaged"  value  over a  measured  
wavelength  range.  I n  contrast,  the  crosstalk  value  obtained  from  Method  B  shows  the  "worst 
case"  crossta lk  value.  

2  Normati ve references  

The fol l owing  documents  are  referred  to  i n  the  text in  such  a  way that some or a l l  of thei r 
con ten t consti tu tes  requ irements  of th is  document.  For dated  references,  on l y the  ed i tion  
ci ted  appl i es.  For undated  references,  the  l atest ed i tion  of the  referenced  document ( i nclud ing  
any amendments)  appl i es.  

I EC 60793-1 -1 ,  Optical fibres – Part 1 -1 : Measurement methods and test procedures –
General and guidance 

I EC 60793-2-70 1 ,  Optical fibres – Part 2-70: Product specifications – Sectional specifications 
for polarization-maintaining fibres 

I EC 60068-1 ,  Environmental testing – Part 1 :  General and guidance 

3 Terms and  defin i tions  

For the  purposes  of th is  document,  the  terms  and  defin i tions  g i ven  i n  I EC  60793-1 -1  appl y.  

I SO and  I EC main tain  term inolog ica l  databases  for use  i n  standard ization  at the  fol l owing  
addresses:   

•  I EC E lectroped ia:  avai lable  at  h ttp: //www.electroped ia. org /  

•  I SO  On l ine  browsing  p latform :  avai l able  at h ttp: //www. iso. org/obp  

4 Test condi tions  

Un less  otherwise  speci fi ed ,  the  test sha l l  be  conducted  under the  standard  cond i ti ons  
speci fied  i n  I EC 60068-1 .  However,  when  i t  i s  d i fficu l t to  make measurements  under the  
standard  cond i ti ons,  the  test may be  conducted  under cond i ti ons  other than  the  standard  
cond i ti ons,  provided  that no  doubts  wi l l  arise  abou t j udgments .  

___________ 

1  Under preparati on .  S tage  at  the  time  of publ i cati on :  I EC CCDV 60793-2-70: 201 7.  
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5 Reference test method  

Since  the  "averaged"  polari zation  crosstalk  value  measured  by Method  A is  the  parameter 
speci fied  i n  the  product speci fication ,  I EC  60793-2-70 2,  Method  A i s  the  reference test 
method  (RTM),  wh ich  shal l  be  the  one  used  to  settl e  d ispu tes.  

6 Test methods  

6.1  M ethod  A:  Power ratio  meth od  

6. 1 . 1  Overview of th e  method  

Method  A is  appl icable  to  PM  fibres,  fi bres  having  connectors  attached  to  one  or both  ends  of 
the  fibres,  and  to  two  or more  such  en ti ti es  j o ined  in  series.  Ad just the  optical  ou tput to  the  
m in imum  by rotating  both  the  polari zer and  anal yser,  and  measure  the  optical  ou tput as  Pmin .  

Rotate  the  anal yser 90°  and  measure  the  optical  ou tpu t as  Pmax.  

Ca lcu late  the  polari zation  crosstalk wi th  the  second  set of va lues  and  take  the  average  of the  
two values  as  the  measured  value.  

6.1 .2  Appl ication  

This  measuring  method  shal l  be  appl ied  to  the  measurement of polari zation  crossta lk  us ing  
the  maximum  and  m in imum  values  of optical  ou tput at  a  speci fi ed  wavelength .  

6.1 . 3  Test apparatus  

6. 1 . 3.1  Prin ciple  

Figu re  1  shows  an  example  of a  test  apparatus .  

 

Figu re 1  – Example  of test  apparatus  for pol ari zation   
crosstal k measu rement (power ratio  meth od)   

6. 1 .3 .2  Light  sou rce  

The  l igh t source  to  be  used  shal l  be  one  wi th  a  speci fied  waveleng th  and  wide  spectrum  
bandwid th  (20  nm  or more  at FWHM),  or a l ternative l y,  i ts  coherence  l eng th  ( lc)  sha l l  be  

appropriate l y short for the  sample  under test.  

 λ

B
c

1 0

1

L

L
l <  (1 )  

where  

L   i s  the  sample  length ;  

LB   i s  the  fi bre 's  beat l eng th ;  

λ   i s  the  source  centre  wavelength .  

A LED  ( l i ght em i tti ng  d iode)  l i gh t source  or an  SLD  (super- lum inescent d iode)  l i gh t source  is  
recommended  for th is  test.  The  source  power shal l  be  kept below the  level  requ i red  to  i nduce  
non- l i near propagation  effects;  1 0  mW is  typical l y a  safe  l im i t.  For a  LED  l i gh t source,  whose  
power i s  l ow,  however,  a  h igh-sensi ti vi ty detector shal l  be  used .  

___________ 

2 Under preparati on .  S tage  at  the  time  of publ i cati on .  I EC CCDV 60793-2-70: 201 6.  

IEC  

Light  
source  Depolari zer  Polari zer  

I npu t  
opti cs  

Sample  under test  
Analyzer  Detector  

Output  
opti cs  
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6. 1 .3 .3  Input  and  output optics  

The i npu t and  outpu t opti cs  shal l  be  re lati ve l y stra in  free,  as  mounted .  

Cladd ing  mode shou ld  be  m in im ized  at the  i npu t end  by carefu l l y l aunch ing  to  the  fibre  to  be  
tested .  C ladd ing  mode  stripping  by bend ing  sometimes  causes  the  deterioration  of crosstalk  
by the  bend ,  therefore  i t  i s  recommended  to  avoid  i t.  

6.1 .3 .4  Detector 

The  detector to  be  used  shal l  have  a  l i gh t receiving  area  that can  detect a l l  the  optical  power 
em i tted  from  the  ou tpu t end  of the  optica l  fi bre.  A power meter combin ing  a  photo-detector 
and  an  e lectron ic  processing  system  can  a lso  be  used .  

The  detector response ( i nclud ing  supplementa l  equ ipment such  as  a  lock- in  ampl i fier)  sha l l  be  
l i near to  wi th in  5  %  from  the  m in imum  to  the  maximum  measured  power and  independent of 
the  i npu t polarization  state.  

6.1 .3.5  Depolarizer 

When  the  i npu t l i gh t from  the  l igh t source  i s  polari zed ,  a  depolari zer shal l  be  provided  to  
enable  the  input of a  certa in  l evel  of optica l  power in to  the  optical  fibre  even  when  the  
polari zer i s  rotated .  Al ternativel y,  a  polari zation  con trol l er cou ld  be  used  for depolari zing ,  
i nstead  of the  depolari zer.  

6.1 .3.6  Polarizer and  analyser 

A l i near polari zer i s  an  optical  device  capable  of ou tputti ng  l i nearl y polari zed  l i ght having  a  
certa in  d i rection  of e lectric  fi e ld  vector when  i t  has  received  l i gh t i n  an  arbi trary s tate  of 
polari zation .  The  polari zer to  be  used  shal l  have  a  polarisation  exti nction  ratio  (PER)  sufficien t 
for measuring  the  polari zation  crossta lk  of the  optical  fi bre  under test.  The  PER of the  
polari zer and  of the  anal yser shou ld  be  at l east 1 0  dB  h i gher than  the  maximum  expected  
crossta lk.  

6. 1 .4  Test procedure  

6. 1 .4.1  Preparation  

I n  the  case  of fi bres,  prepare  a  V-groove or bare  fibre  adapter to  connect the  polari zer,  the  
anal yser and  the  optica l  fibre  under the  test.  Remove  the  primary coating  from  both  ends  of 
the  known  l eng th  of the  optica l  fi bre  under the  test,  and  cleave  the  ends  i n to  m i rror surfaces  
perpend icu lar to  the  axis  of the  optica l  fi bre.  Connect the  polarizer wi th  one  end  of the  optical  
fibre,  us ing  a  V-groove  or s im i l ar means.  Connect the  other end  of the  optica l  fi bre  to  the  
anal yser,  and  connect the  anal yser wi th  the  detector,  so  that a l l  the  ou tput l i gh t can  be  
received .  

Set the  fibres  on  a  V-groove or s im i lar device,  taking  care  that no  stresses  wi l l  be  i nduced  in  
the  optica l  fi bre,  especia l l y i n  the  cladd ing .  For example,  when  fixing  the  optica l  fibre  wi th  a  V-
groove,  p l ace  a  soft cl oth ,  such  as  a  gauze,  between  the  optical  fi bre  and  the  cladd ing  holder 
so  that the  cladd ing  holder may not cause  any stress  d i rectl y to  the  cladd ing .  Also,  the  bare  
fibre  adapter,  when  used ,  shal l  be  of a  type  that does  not  cause  s tresses  i n  the  j acket of the  
optical  fi bre  core.  

I n  the  case  of components  having  connectors,  the  connector i tsel f can  be  used  for connecting  
the  polarizer,  the  anal yser and  the  optical  componen t under test.  

6. 1 .4.2  Measurement and  calcu lation  

A proper zeroing  of the  power meter needs  to  be  done  prior to  any measurement.  Ad j ust  the  
optica l  ou tpu t to  the  m in imum  by rotating  both  the  polari zer and  anal yser,  and  record  the  
optica l  ou tput  as  Pmin1 .  Rotate  on l y the  anal yser 90°  and  record  the  optica l  ou tpu t as  Pmax1 .   

After rotating  the  polarizer 90°  rough l y,  ad just the  optical  ou tpu t to  the  m in imum  by rotati ng  
both  the  polari zer and  anal yser,  and  record  the  optical  ou tput as  Pmin2 .  Then  rotate  on l y the  

anal yser 90°  and  record  the  optical  ou tput  as  Pmax2 .  
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 (dB))log(1 0 1maxmin11 PPCT /=  (2)  

 (dB))log(1 0 2maxmin22 PPCT /=  (3)  

The  polari zation  crossta lk  CTA  i s  g iven  by:  

 2/)( 21A CTCTCT +=  (4)  

6. 2  M ethod  B:  I n -l in e  pol ari metri c  m ethod  

6. 2. 1  Gen eral  

The crosstalk measured  by Method  B  is  defi ned  as  the  "worst case"  crosstalk.  The  measured  
crosstalk va lue  by Method  B  represents  the  accumulated  crosstalk  due  to  temperatures  and  
mechan ical  s tresses  a l l  a l ong  the  PM  fi bre.   

The  measurement methods  and  defin i ti ons  of Methods  A and  B  are  total l y d i fferent ones  and  
therefore  wi l l  g i ve  d i fferent resu l ts .  

Method  B  i s  appl icable  to  s ing le  sections  of PM  fi bre,  to  cascaded  PM  fibres,  and  to  PM  fi bres  
i n terconnected  wi th  optical  devices.  I t  i s  a l so  appl icable  to  polarization -main tain ing  
components  that l ack PM  fibre  pig ta i l s,  i n  wh ich  case  the  measurement i s  performed  on  a  PM  
fibre  j umper connected  to  the  ou tput of the  component.  The  method  requ i res  gen tl y stretch ing  
or heating  approximatel y 0 , 1  m  to  0, 3  m  of PM  fi bre  i n  order to  generate  at l east a  90°  arc (on  
Poincaré  sphere)  of the  fraction  of a  cycle  of phase  sh i ft  between  the  fast and  s low waves.  

6.2.2  Limi tation s  of the  meth od  

The optical  sou rce  shal l  be  spectral l y narrow (e. g . ,  DFB laser or tunable  laser source) ,  
depend ing  on  the  l ength  of the  fi bre  under test.  

The  crosstalk  at any poin t in  a  concatenation  of PM  fibres  and/or components  i s  the  
i nstan taneous  resu l t of the  temperatures  and  mechan ical  stresses  acti ng  at a l l  upstream  
e lemen ts.   Thus,  i n  order to  obta in  a  "worst case"  l ocal  crosstalk  value,  i t  i s  necessary to  l im i t 
appl ying  the  method  to  s i ng le  fibres  or patch  cords  (wi thou t concatenation).  

6.2. 3  M easu rement process  

The fibre  i s  gen tl y stretched  or heated  i n  the  reg ion  i n  wh ich  the  crossta lk  i s  to  be  measured .  
Th is  s timu lus  produces  an  arc  on  the  un i t  rad ius  Poincaré  sphere,  as  shown  in  F igure  2 .  
F igu re  2  a)  shows the  fron t view of data  arc and  fi tted  ci rcle,  and  F igure  2  b)  shows  the   
90°-rotated  cu taway view defin ing  the  geometrical  re lationsh ips .  

International  Electrotechnical  Commission

 



I EC 60793-1 -61 : 201 7  © I EC  201 7  – 9  –  

 

Figure 2  – Poincaré  sphere  representations  for Method  B  

Poin ts  A and  B  represent the  polarization  modes  (e igenmodes)  of the  fibre.  

A ci rcle  i s  fi tted  to  the  arc and  the  rad ius  r  of the  ci rcle  i s  recorded .  The  crosstalk  value  CTB  i s  

ca lcu lated  from  the  rad ius  accord ing  to:  
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6.2.4  Mathematical  basis  

The  fo l l owing  derivation  pertains  to  the  Poincaré  sphere  representations  shown  in  F igure  2 .  
The  ratio  of power i n  the  ou tpu t principa l  s tates  is  g iven  by:  
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The  rad ius  of the  ci rcle  i s  re lated  to  θ  by:  
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Therefore:  

 
21cos r−=θ  (8)  

The  crosstalk  value  i s  g i ven  by:  
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Al ternative l y,  i n  terms  of the  angu lar l eng th  of the  arc,  crosstalk  i s  g i ven  by:  
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7 Resul ts  

7. 1  Information  avai lable  wi th  each  measurement  

Report  the  fol l owing  in formation  on  each  measurement:  

– date  and  ti tl e  of measurement;  

– l ength  of specimen;  

– i denti fication  of specimen ;  

– measurement waveleng th ;  

– crossta lk;  

– measurement method .  

7.2  Information  avai lable  upon  request  

The fo l l owing  in formation  shal l  be  avai l able  upon  request:  

– configuration  of specimen:  free  coi l  or spool ;  

– bend ing  d iameter of specimen;  

– description  of measurement apparatus  arrangement;  

– detai l s  of measurement apparatus;  

– re lative  hum id i ty and  temperature  of measurement;  

– date  of la test ca l ibration  of equ ipment;  

– type  of optical  source  used  and  i ts  spectral  wid th  (FWHM).  

 

___________ 
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