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INTERNATIONAL ELECTROTECHNICAL COMMISSION  

____________ 

 
OPTICAL CIRCUIT BOARDS – 

BASIC TEST AND MEASUREMENT PROCEDURES – 
 

Part 2:  General  gu idance for defin i tion  of measurement condi tions  for 
optical  characteristics  of optical  circuit boards  

 
FOREWORD 

1 )  The  I n ternati onal  E lectrotechn i cal  Commission  ( I EC)  i s  a  worl dwide  organ ization  for s tandard ization  compris i ng  
a l l  nati onal  e l ectrotechn ical  commi ttees  ( I EC National  Comm i ttees).  The  ob ject  of I EC i s  to  promote  
i n ternati ona l  co-operation  on  a l l  questions  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  S tandards,  Techn ical  Speci fi cations,  
Techn ical  Reports,  Publ i cl y Avai l abl e  Speci fi cations  (PAS)  and  Gu i des  (hereafter referred  to  as  " I EC  
Publ i cation(s )" ).  Thei r preparation  i s  en trusted  to  techn ical  commi ttees;  any I EC Nati ona l  Commi ttee  i n terested  
i n  the  subj ect  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 al so  parti ci pate  i n  th i s  preparati on .  I EC col l aborates  cl osel y 
wi th  the  I n ternational  Organ ization  for Standard ization  ( I SO)  i n  accordance  wi th  cond i t i ons  determ ined  by 
agreement  between  the  two organ i zati ons.  

2)  The  formal  decis ions  or ag reements  of I EC on  techn ical  matters  express,  as  nearl y as  possi ble,  an  i n ternational  
consensus  of opin ion  on  the  re l evant sub jects  s i nce  each  techn ical  commi ttee  has  representati on  from  al l  
i n terested  I EC National  Committees.   

3)  I EC Publ i cati ons  have  the  form  of recommendations  for i n ternational  use  and  are  accepted  by I EC National  
Commi ttees  i n  that  sense.  Whi l e  a l l  reasonable  efforts  are  made  to  ensure  that  the  techn ical  content  of I EC  
Publ i cations  i s  accurate,  I EC  cannot be  he l d  responsibl e  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 ternati onal  u n i form i ty,  I EC National  Commi ttees  undertake  to  app ly I EC Publ i cati ons  
transparen tl y to  the  maximum  exten t poss ibl e  i n  thei r n ational  and  reg i ona l  publ i cati ons.  Any d i vergence  
between  any I EC Publ i cation  and  the  correspond i ng  national  or reg i onal  publ i cati on  sha l l  be  cl earl y i n d icated  i n  
the  l atter.  

5)  I EC i tsel f d oes  not  provide  any attestati on  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  respons i ble  for any 
services  carri ed  ou t  by i ndependent  certi fi cation  bod i es.  

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

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

8)  Attention  i s  d rawn  to  the  Normati ve  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  possib 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 
patent  ri gh ts .  I EC shal l  not  be  hel d  responsibl e  for i den ti fyi ng  any or a l l  such  patent  ri gh ts.  

I n ternational  Standard  I EC 62496-2  has  been  prepared  by I EC techn ical  committee  86:  F ibre  
optics.  

The  text of th is  document i s  based  on  the  fol l owing  documents :  

CDV Report  on  voti ng  

86/509/CDV 86/51 5/RVC 

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

Th is  document has  been  drafted  i n  accordance  wi th  the  I SO/IEC  D i recti ves,  Part 2 .  
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A l i st  of a l l  parts  i n  the  I EC  62496  series,  publ i shed  under the  general  ti tle  Optical circuit 
boards – Basic test and measurement procedures ,  can  be  found  on  the  I EC websi te.  

Fu ture  s tandards  i n  th is  series  wi l l  carry the  new general  ti tl e  as  ci ted  above.  T i tl es  of existi ng  
standards  i n  th is  series  wi l l  be  updated  at  the  time of the  next ed i ti on .  

The  committee  has  decided  that the  con tents  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 ,  

•  replaced  by a  revised  ed i ti on ,  or 

•  amended .  

 

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

 

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

Bandwid th  densi ties  i n  modern  data  communication  systems are  d ri ven  by in terconnect 
speeds  and  scalable  i npu t/ou tput  ( I /O)  and  wi l l  con tinue  to  i ncrease  over the  com ing  years,  
thereby severel y impacting  cost and  performance  i n  fu ture  data  commun ication  systems,  
bring ing  i ncreased  demands  in  terms  of s ignal  i n tegri ty and  power consumption .  

The  proj ected  i ncrease  i n  capaci ty,  process ing  power and  bandwid th  dens i ty i n  fu ture  
i n formation  communication  systems wi l l  need  to  be  addressed  by the  m igration  of embedded  
optical  i n terconnects  i n to  system  enclosures.  I n  particu lar,  th is  wou ld  necess i tate  the  
deployment of optical  ci rcu i t board  technolog ies  on  some or a l l  key system  cards,  such  as  the  
backplane,  motherboard  and  peripheral  ci rcu i t  boards.  

Many varieties  of optical  ci rcu i t  board  technology exist today,  wh ich  d i ffer strong ly from  each  
other i n  terms  of thei r i n trins ic wavegu ide  technology.  As  shown  i n  F igure  1 ,  these  varieties  
i nclude,  bu t are  not  l im i ted  to:  a)  fi bre-optic l am inate,  b)  pol ymer wavegu ides  and  c)  p lanar 
g lass  wavegu ides.  Annex A provides  a  deta i led  overview of the  state  of the  art of such  optical  
i n terconnect technolog ies.  

   

a)  F ibre-optic  l aminate  b)  Pol ymer wavegu ides  c)  P lanar g lass  wavegu ides  

Figure 1  – Optical  ci rcu i t  board  varieties   

One important prerequ is i te  to  the  commercia l  adoption  of optica l  ci rcu i t  boards  is  a  rel i able  
test and  measurement defin i tion  system  that i s  agnostic to  the  type  of wavegu ide  system  
under test and ,  therefore,  can  be  appl ied  to  d i fferen t optical  ci rcu i t  board  technolog ies  as  wel l  
as  be ing  adaptable  to  fu ture  varian ts.  A serious  and  common  problem  wi th  the  measurement 
of optical  wavegu ide  systems  has  been  l ack of proper defin i tion  of the  measurement 
cond i ti ons  for a  g i ven  test  reg ime,  and  consequentl y s trong  i ncons istencies  ensue  i n  the  
resu l ts  of measurements  by d i fferent parties  on  the  same test sample.  To  date ,  no  
methodology has  been  establ ished  to  ensure  that  test and  measurement cond i ti ons  for such  
optical  wavegu ide  systems are  properl y i den ti fi ed .  

Th is  document speci fi es  a  method  of capturing  su fficien t i n formation  abou t  the  measurement 
cond i tions  for a  g i ven  optical  ci rcu i t  board  to  ensure  cons istency of measurement resu l ts  
wi th in  an  acceptable  marg in .  

G iven  the  substantial  variety i n  properties  and  requ irements  for d i fferent optical  ci rcu i t board  
types,  some test envi ronments  and  cond i ti ons  are  more  appropriate  than  others  for a  g i ven  
optica l  ci rcu i t  board .  I t  i s ,  therefore,  crucia l  that th is  measurement i denti fication  standard  
encompass  a  comprehensive  range  of test and  measurement scenarios  for a l l  known  types  of 
optical  ci rcu i t  boards  and  thei r wavegu ide  systems,  wh i le  a lso  being  sufficientl y adaptable  and  
extendable  to  accommodate  fu ture  wavegu ide  technolog ies.  I n  add i ti on ,  a  degree  of 
custom isation  is  poss ible  to  account for arb i trary test parameters .    

IEC  IEC  IEC  
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OPTICAL CIRCUIT BOARDS – 
BASIC TEST AND MEASUREMENT PROCEDURES – 

 
Part 2:  General  gu idance for defin i tion  of measurement condi tions  for 

optical  characteristics  of optical  circuit boards  
 
 
 

1  Scope  

This  part of I EC 62496  speci fies  a  method  of defi n ing  the  cond i ti ons  for measurements  of 
optical  characteristics  of optica l  ci rcu i t boards.  The  method  comprises  the  use  of code  
reference  look-up  tab les  to  i denti fy d i fferen t cri tica l  aspects  of the  measurement envi ronment.  
The  va lues  extracted  from  the  tables  are  used  to  construct  a  measurement i denti fication  code,  
wh ich ,  i n  i tsel f,  captures  sufficient  i n formation  abou t the  measurement cond i tions,  so  as  to  
ensure  cons istency of i ndependentl y measured  resu l ts  wi th in  an  acceptable  marg in .  
Recommended  measurement cond i ti ons  are  speci fied  to  m in im ise  further variation  in  
i ndependentl y measured  resu l ts.  

2  Normative references  

The  fol lowing  documents  are  referred  to  in  the  text i n  such  a  way that some or a l l  of thei r  
con ten t consti tu tes  requ i rements  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 ti on  of the  referenced  document ( i nclud ing  
any amendments)  appl ies.  

I EC 61 300-1 ,  Fibre optic interconnecting devices and passive components – Basic test and 
measurement procedures – Part 1 :  General and guidance  

I EC 61 300-3-53,  Fibre optic interconnecting devices and passive components – Basic test 
and measurement procedures – Part 3-53: Examinations and measurements – Encircled 
angular flux (EAF)  measurement method based on  two-dimensional far field data from step 
index multimode waveguide (including fibre)  

IEC 6261 4,  Fibre optics – Launch condition  requirements for measuring multimode 
attenuation 

IEC 62496-2-1 : 201 1 ,  Optical circuit boards – Part 2-1 :  Measurements – Optical attenuation 
and isolation  

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  62496-2-1  and  the  
fol l owing  appl y.  

I SO  and  I EC main tain  term inolog ical  databases  for use  i n  s tandard ization  at  the  fol lowing  
addresses:  

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

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

http://www.electropedia.org/
http://www.iso.org/obp
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3. 1   
optical  channel  measurement  identi fication  code  
M IC  
numerica l  code  used  to  capture  sufficien t i n formation  about  the  measurement cond i tions  on  a  
wavegu ide  under test i n  an  optical  ci rcu i t board ,  such  as  to  ensure  i ndependent repeatabi l i ty 
of the  measurement and  cons istency of measured  resu l ts  on  an  i den tica l  sample  

3.2   
optical  channel  under test  
optical  ci rcu i t board  channel  subjected  to  test  and  measurement reg ime 

3.3   
parabol ic profi l e  parameter 
parameter wh ich  describes  the  refracti ve  index profi l e  of wavegu ide  accord ing  to  the  fol lowing  
equation  
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where  

g   i s  the  parabol ic profi l e  parameter;  

a   i s  the  core  rad ius;  

r   i s  the  rad ia l  d istance  from  core  centre;  

n1   i s  the  refracti ve  index at  r  =  0 ;  

Δ   i s  g i ven  by the  re lation  ( ) 2
1

2
2

2
1 2/ nnn −=∆ ,

 
where  n 1  aga in  i s  the  refracti ve  i ndex at  r  =  0 ,  

i . e .  at  the  axis,  and  n2  i s  the  refracti ve  index at  the  ou ter edge  of the  core,  i . e .  at  r =  a  

3.4   
l aunch  condu it  
structu re  or mechan ism  wh ich  gu ides  l i ght  from  the  measurement test  source  to  the  i nput  
facet of the  optical  channel  under test  

Note  1  to  en try:  Examples  i ncl ude  opti cal  fi bres,  opti cal  wavegu i des  or opti ca l  tra i ns.  

3.5   
capturing  condui t  
structu re  or mechan ism  wh ich  gu ides  l i gh t  from  the  ou tpu t facet of the  optical  channel  under 
test to  a  measurement device  

3.6   
top  input  axis  of channel  under test  
axis  defined  by the  tester wi th in  the  plane  of the  input facet used  as  a  reference,  against 
wh ich  the  polarisation  axis  of the  l aunch  condu i t can  be  defined  

3.7   
top  output  axis  of channel  under test  
axis  defi ned  by the  tester wi th in  the  p lane  of the  ou tput  facet used  as  a  reference,  against 
wh ich  the  polarisation  axis  of the  capturing  condu i t  can  be  defined  

3.8   
polarisation  maintain ing  optical  fibre   
sing le-mode optical  fi bre  i n  wh ich  l i nearl y polarized  l i gh t,  i f properl y l aunched  i n to  the  fibre,  
main tains  a  l i near polarisation  during  propagation ,  exi ti ng  the  fibre  i n  a  speci fic  l i near 
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po larisation  state  wi th  l i ttl e  or no  cross-coupl i ng  of optical  power between  the  two  polarisation  
modes  

Note  1  to  en try:  Such  fi bre  i s  used  i n  special  appl i cations  where  preservi ng  po lari sati on  i s  essen tia l  and  i s  
characteri sed  by a  fast  axi s  and  a  s l ow axi s .  

3.9   
refractive index match ing  material  
compl ian t or fixed  materia l  wi th  a  refractive  i ndex equal  to  the  refracti ve  i ndex of the  core  of 
the  channel  under test  at the  measurement wavelength  and  measurement cond i ti ons,  wh ich ,  
un less  otherwise  stated ,  i s  the  standard  atmospheric cond i tions  as  accord ing  to  I EC  61 300-1  

3. 1 0   
refractive  index damping  material  
compl ian t or fixed  material  wi th  a  refracti ve  i ndex wi th in  0 , 05  of the  refracti ve  index of the  
core  of the  channel  under test  at the  measurement waveleng th  and  measurement cond i tions,  
wh ich ,  un less  otherwise  stated ,  i s  the  s tandard  atmospheric cond i ti ons  as  accord ing  to  
I EC 61 300-1  

4 Measurement defin i tion  system  for optical  ci rcui t boards  

4. 1  General  

A rel iable  test and  measurement defin i tion  system  for optical  in terconnect i s  a  crucia l  
prerequ is i te  for fu ture  commercia l  adoption  of optical  ci rcu i t  board  technology.  

I ndependent repeatabi l i ty of wavegu ide  measurements  is  sti l l  very d i fficu l t  to  ach ieve  due  to  
the  l ack of cl ari ty on  how measurement cond i ti ons  are  speci fi ed .  

Therefore,  such  a  defin i ti on  system  shal l  capture  sufficien t i n formation  about the  
measurement cond i tions  to  ensure  that  the  resu l ts  of measurement on  an  i dentica l  test  
sample  by i ndependent parties  wi l l  be  consistent  wi th in  an  acceptable  marg in  of error.  

G iven  the  l arge  number of measurement parameter permutations  possib le,  the  amount of 
i n formation  requ i red  to  describe  sufficien tl y the  measurement cond i ti ons  is  proh ib i ti ve.  I t  
wou ld  be  impractical  for testers  to  provide  a  fu l l  textual  description  for each  type  of 
measurement,  especia l l y i n  s i tuations  where  opti ca l  ci rcu i t  boards  are  subjected  to  a  variety 
of d i fferen t  measurement reg imes,  for i nstance,  as  part of a  comprehensive  qual i ty assurance  
reg ime  i n  a  commercia l  optica l  ci rcu i t  board  foundry.  

I EC 62496-2-1  provides  detai l s  on  various  types  of measurements  that can  be  carried  ou t on  
optical  ci rcu i t  boards.  

4.2  Measurement defin i tion  system  requ irements  

4.2. 1  Accuracy   

The measurement defin i ti on  system  shal l  capture  sufficient i n formation  to  ensure  variabi l i ty i n  
i ndependentl y measured  resu l ts  wi th in  an  acceptable  marg in .  

4.2.2  Accountabi l i ty  

The measurement defin i tion  system  shal l  force  testers  to  be  accountable  to  provide  sufficient  
i n formation  abou t the  measurement cond i ti ons.  The  system  shal l  therefore  comprise  a  
formal ised  framework to  capture  the  requ i red  amoun t of i n formation  abou t the  measurement 
cond i ti ons.  
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4.2.3  Efficiency 

The measurement defin i ti on  system  shal l  a l l ow the  en ti rety of the  measurement cond i ti on  
i n formation  to  be  abbreviated  i n to  an  optical  channel  measurement i den ti fication  code  (M IC)  
such  that  i t  can  be  contained  wi th in  no  more  than  one  l i ne  of text.  

4.2.4  Convenience  

The  measurement i den ti fication  code  shou ld  be  easy to  construct  and  deconstruct  us ing  the  
references  l ook-up  tables  i n  th is  document.  

4.2.5  Independent 

The measurement defin i ti on  system  shal l  be  i ndependen t of the  type  of optica l  ci rcu i t  board  
under test  i n  order to  accommodate  d i fferent  varieties  of optical  i n terconnect.  To  th is  end ,  the  
type  of optical  channel  under test  wi l l  not be  included  i n  the  i n formation  to  be  speci fied ;  i t  wi l l  
be  treated  as  a  "b lack box"  bounded  by the  i npu t facet and  output  facet  of the  optical  channel  
under test.  

4.2.6  Scalable  

The  measurement defin i ti on  system  shal l  be  scalable  to  accommodate  new measurement 
cond i ti ons  appropriate  to  existing  or as  yet  unknown  optica l  i n terconnect types.  To  th is  end ,  
the  system  wi l l  have  placeholders  to  a l l ow easy add i tion  of new i n formation  i n  fu ture.  

4.2.7  Customised  requ irements  

Where the  parameters  of a  measurement cond i tion  are  not expl ici tl y provided  in  the  
correspond ing  l ook-up  tables,  the  M IC  shal l  be  extendable  to  accommodate  user-defined  
parameters.  

4.2.8  Priori tised  structure  

The measurement defin i ti on  system  shal l  g i ve  preference  to  measurement configurations  that  
are  

•  accessib le ,  favouring  the  use  of avai l ab le  and  affordable  equ ipment,  

•  vi able,  favouring  measurements  wh ich  can  be  eas i l y carried  ou t  by most organ isations  
wi thout the  requ irement for specia l ised  or restricted  equ ipment or expertise ,  and  

•  u sefu l ,  favouring  measurement of optical  channel  characteristics,  wh ich  are  most common  
and  re levant to  i ts  deployment and  operation ,  for example  i nsertion  l oss .  

4.3  Measurement defin i tion  cri teria  

4.3. 1  General  

The measurement defin i tion  system  shal l  provide  i n formation  on  the  fol l owing  fi ve  cri tical  
aspects  of the  measurement environment:  

•  source  characteristics  (4 . 3. 2);  

•  l aunch  cond i ti ons  (4. 3 . 3) ;  

•  i nput coupl ing  cond i tions  (4. 3. 4) ;  

•  ou tpu t coupl i ng  cond i tions  (4 . 3 . 5);  

•  capturing  cond i tions  (4 . 3 . 6).  
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4.3.2  Source characteristics  

4.3.2 .1  General  

Typical  sources  for common  measurements  on  optica l  ci rcu i t board  channels  i ncl ude  LEDs,  
l aser d iodes  and  wh i te  l ight sources,  wh i le  l ess  common  sources  i nclude  ampl i fi ed  
spon taneous  em ission  devices.  I n  order to  accommodate  a  comprehensive  range  of avai l able  
source  types  and  characteristics ,  the  measurement i den ti fication  system  wi l l  d efi ne  most 
sources  i n  terms  of permutations  of key properties  i nclud ing  wavel ength  and  spectral  wid th .  
Source  optica l  power or modal  profi le  need  not be  speci fied  as  on l y the  optical  power,  and  
modal  profi le  at the  launch  facet need  be  speci fied  as  part of the  launch  cond i tions.  Table  1  i n  
IEC 62496-2-1 : 201 1  provides  a  l i st  of recommended  source  characteristics .  

4.3.2 .2  Modulated  sources  

Accord ing  to  th is  document,  the  source  ampl i tude  and  phase  i s  cons idered  un-modu lated .  
Optical  modu lation  i s  a  l arge  and  complex area  wi th  many poss ib le  permutations  of 
modu lation  type,  du ty cycle  and  data  characteristics .  Modu lation  schemes  i nclude  s tandard  
on-off keying  (OOK)  and  mu l ti - level  modu lation  schemes  such  as  phase  ampl i tude  modu lation  
(PAM),  i n -phase  and  quaternary ( IQ)  modu lation  schemes  such  as  quadrature  phase  sh i ft  
keying  (QPSK),  mu l ti - l evel  quadrature  ampl i tude  modu lation  (nQAM),  mu l ti -pu lse  modu lation  
schemes,  and  d iscrete  mu l ti -tone  (DMT).  Data  characteristics  wou ld  i nclude  pseudo random  
binary sequence  (PRBS)  data  wi th  various  correlation  l eng ths,  as  wel l  as  test data  associated  
wi th  real  data  transm iss ion  protocols.  Modu lation  wi l l  not  be  i ncluded  i n  the  measurement 
defin i tion  system  described  in  th is  document.  I n  the  event of a  modu lated  source,  the  
modu lation  characteristics  shal l  be  stated  expl ici tl y.  

4.3.2 .3  Wavelength  d ivis ion  mul tiplexed  sources  

Accord ing  to  th is  document,  the  source  is  considered  to  be  centred  on  a  s ing le  wavelength  
wi th  varying  spectra l  wid ths,  or wh i te,  wh ich  i s  consistent wi th  the  use  of common  commercial  
sources  i nclud ing  l aser d iodes,  LEDs or ampl i fi ed  spontaneous  em iss ion  devices.  I t  may be  
des irable  to  characterise  the  performance  of the  channel  under test wi th  wavelength  d i vis ion  
mu l tip lexed  (WDM)  l i ght  i n  wh ich  mu l tip le  wavelengths  are  superposed  onto  the  launch  
condu i t  i n  accordance  wi th  various  WDM  schemes.  For example,  the  coarse  wavelength  
d ivis ion  mu l tip lexing  (CWDM) scheme  a l l ows  on  the  order of ten  s ignals  to  be  encoded  onto  
separate  wavelengths.  The  dense  wavelength  d i vis ion  mu l ti p lexing  (DWDM)  scheme  a l l ows  
on  the  order of hundreds  of s ignals  to  be  encoded  on to  separate,  more  closel y spaced ,  
wavelengths.  

WDM  sources  are  not  i ncluded  i n  th is  document,  as  the  poss ib le  permutations  wou ld  be  
proh ibi ti vel y complex.  I n  the  even t of a  wavelength  d i vis ion  mu l ti plexed  source,  the  
wavelength  d i vis ion  mu l ti p lexing  characteristics  shal l  be  expl ici tl y stated .  Preferabl y,  i f 
conven ient,  each  wavelength -encoded  channel  can  be  un iquel y speci fi ed  us ing  the  
measurement identi fication  system  outl i ned  i n  th is  document.  

4.3.3  Launch  cond itions  

4.3.3.1  General  

Launch  cond i tions  have  the  greatest effect  on  variabi l i ty of measurement resu l ts  on  optical  
ci rcu i t board  channels .  I t  i s ,  therefore,  crucia l  that  these  be  sufficientl y defi ned .  

Launch  cond i ti ons  shal l  i nclude  the  fo l l owing  i n formation  that  determ ines  how l i ght  propagates  
through  the  optical  channel  under test and ,  therefore,  determ ines  the  i ndependen t 
reproducib i l i ty of the  measurement:  

a)  l aunch  facet s i ze  and  shape,  wh ich  is  typica l l y defined  by the  core  of the  l aunch  condu i t  – 
for a  standard  fibre,  i t  wou ld  be  sufficien t to  speci fy the  fi bre  type;  

b)  tota l  optical  power ampl i tude  at the  l aunch  facet;  
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c)  spatia l  (near-fie ld )  and  angu lar (far-fie ld )  optical  power d istribu tion  of l i gh t at  the  l aunch  
facet.  The  l aunch  cond i tions  for mu l timode  fibres  shou ld  preferabl y comply wi th  encircled  
flux (EF)  requ i rements  defined  i n  I EC  61 300-1  or enci rcled  angu lar flux  (EAF)  
requ i rements  defined  i n  I EC  61 300-3-53.  Such  l aunch  cond i tions  can  be  re l i abl y ach ieved  
by deploying  appropriate  mode fi l tering  equ ipment around  or i n - l ine  wi th  the  l aunch  
condu i t.  The  l aunch  cond i ti ons  for s ing le-mode  fibres  shou ld  comply wi th  I EC  61 300-1 .  

4.3.3.2  Recommended  l aunch  cond i tions  

Table  1  defi nes  key recommended  l aunch  profi les ,  i nclud ing  underfi l l ed  profi l es,  various  mode  
fi l tered  mu l timode profi l es  and  overfi l l ed  profi les,  as  wel l  as  recommendations  on  how to  
reproduce  some of these  modal  profi l es.  

Table  1  – Recommended  modal  launch  profi les  

Designation  Modal  d i stribution  at l aunch  
facet  

Recommended  measurement  setup  to  ach ieve  modal  
d istribu tion  

Single-mode launch 

L1  

UF 

Underfi l l ed  l aunch  compl ies  wi th  
s i ng le-mode  l aunch  
requ i rements  i n  I EC 61 300-1 .  

Preferab ly,  opti cal  i sol ator between  sou rce  and  OS1  l aunch  
fi bre  

2  m  l ong  OS1  s i ng l e-mode  fi bre  (SMF)  provi des  a  s i ng le-mode  
l aunch  profi l e.  

Multimode launch  

L2  a )  

EF/EMD 

Compl ies  wi th  EF  requ i rements  
i n  I EC 61 300-1 .  

The  sou rce  i s  passed  i n to  a  5  m  g raded  i ndex mu l timode  fi bre  
(G I -MMF),  wh ich  i s  wrapped  20  times  around  a  38  mm  d iameter 
mandrel .  The  ou tpu t  of the  mandrel  i s  then  passed  through  a  
mode  con trol l er/fi l ter produci ng  a  mode  fi l tered  opti cal  i n tens i ty 
profi l e,  wh ich  compl ies  wi th  EF  requ i rement of I EC 61 280-4-1 .  
Th i s  i s  then  used  as  the  i npu t  to  a  5  m  G I -MMF,  wh ich  i s  
wrapped  20  t imes  around  a  38  mm  d iameter mandrel  to  
produce  a  mode-stri pped  opti cal  i n tens i ty profi l e  at  the  G I -MMF  
l aunch  facet.  

L3  a )  

EF 

Compl ies  wi th  EF  requ i rements  
i n  I EC 61 300-1 .  

5  m  g raded  i ndex mu l timode  fi bre  (G I -MMF)  i s  passed  th rough  
a  mode  control l er/fi l ter producing  a  mode  fi l tered  opti ca l  
i n tensi ty profi l e  at  the  G I -MMF  l aunch  facet,  wh ich  compl ies  
wi th  EF  requ i rement of I EC 61 280-4-1 .  

L4  a )  
EMD 

Equ i l i bri um  modal  d i stri bu ti on  

5  m  50  µm  graded  i n dex OM3 mu l timode  fi bre  (G I -MMF)  i s  
wrapped  20  t imes  around  a  38  mm  d iameter mandrel  to  
produce  a  mode-stri pped  opti cal  i n tensi ty profi l e  at  the  G I -MMF  
l aunch  facet.  

L5  a )  

OF 

Overfi l l ed  d i s tri bu ti on  – un i form  
near-fi e l d  opti cal  i n tensi ty 
d i stri bu tion  

5  m  1 05  µm  step  i ndex mu l timode  fi bre  (S I -MMF)  i s  wrapped  20  
t imes  around  a  38  mm  d iameter mandre l  to  create  a  mode-
scrambled ,  overfi l l ed  opti cal  i n tensi ty profi l e  at  the  S I -MMF  
l aunch  facet.  

L6  a  

VOF/EAF 

Very overfi l l ed  d i s tri bu tion  

Compl ies  wi th  EAF  
requ i rements  i n  I EC 61 300-3-
53.  

5  m  200µm  core  step- i ndex fi bre  (S I -MMF)  i s  passed  th rough  a  
mode  con trol l er producing  a  mode  fi l tered  opti cal  i n tensi ty 
profi l e  at  the  l aunch  facet,  wh i ch  compl ies  wi th  the  EAF  
requ i rement of I EC 61 300-3-53 .  

a)   Bend  i nsensi ti ve  fi bre  i s  not  recommended  for MM  or SM  test  l eads.  

 

4.3.3.3  Recommended  s ing le-mode fibre  l aunch  measurement setup  

The  recommended  measurement setup  for s ing le-mode  fi bre  l aunch  cond i ti ons  i s  shown  in  
F igure  2 .  A s i ng le-mode  optical  source  shou ld  be  connected  wi th  a  s ing le-mode  optical  fibre,  
fi rst th rough  a  s i ng le-mode optical  i so lator to  sh ie ld  the  source  from  unwan ted  back-
reflections  occurring  at  d i fferent i n terfaces  fu rther on  down  the  test l i nk,  especia l l y the  
i n terface  between  the  l aunch  facet  and  the  i npu t  facet  of the  channel  under test.  The  output 
from  the  optical  i solator shou ld  then  be  connected  through  a  variable  s i ng le-mode optica l  
attenuator.  Th is  wi l l  a l l ow the  tester to  ad j ust the  optical  power at the  l aunch  facet to  match  
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the  requ i red  optical  power as  defined  in  the  measurement i denti fication  code.  Th is  can  
a l ternativel y be  ach ieved  by us ing  a  power tuneable  source.  

 

Figure 2  – Recommended  test setup  for s ing le-mode fibre  l aunch  cond i tions  

4.3.3.4  Recommended  mu ltimode fibre  launch  measurement  setup  

A s ing le-mode  or mu l timode optical  source  shou ld  be  connected  wi th  a  s ing le-mode or 
mu l timode optica l  fi bre,  fi rst through  a  s ing le-mode or mu l timode optical  i solator to  sh ie ld  the  
source  from  unwanted  back-reflections  occurring  at d i fferent i n terfaces  fu rther on  i n  the  test 
l i nk,  especia l l y the  i n terface  between  the  l aunch  facet and  the  i npu t facet  of the  channel  
under test.  I f the  source  i s  a  coheren t source,  i t  wi l l  be  importan t to  use  a  speckle  fi l ter to  
average  out the  effects  of speckle  at  the  l aunch  facet.  One  device  can  be  an  
e lectromechan ical  shaker appl ied  after the  source  bu t before  the  variable  optical  attenuator.  I f 
us ing  such  a  device,  i t  i s  importan t that the  fibre  be  completel y mechan ica l l y decoupled  from  
the  launch  facet,  so  the  device  shou ld  be  appl i ed  between  the  source  and  the  variable  optical  
attenuator.  The  photodetector used  to  measure  the  received  l i gh t wou ld  need  to  be  configured  
to  record  average  values  over an  appropriate  time period ,  rather than  immed iate  va lues.  The  
ou tpu t from  the  optica l  i so lator shou ld  then  be  connected  wi th  s ing le-mode or mu l timode fi bre  
to  the  i npu t of a  variable  s ing le-mode  or mu l timode optical  attenuator.  Th is  wi l l  a l low the  
tester to  ad j ust  the  optical  power at  the  l aunch  facet to  match  the  requ ired  optica l  power as  
defined  in  the  measurement i denti fication  code.  Al ternative l y,  th is  can  be  ach ieved  by us ing  a  
power tuneable  source.  Then  the  output of the  variable  optical  attenuator wi l l  be  connected  
wi th  mu l timode  fi bre  to  the  input  of a  modal  cond i tion ing  or fi l teri ng  system ,  the  ou tpu t of 
wh ich  wi l l  be  connected  wi th  mu l timode  fi bre  to  the  l aunch  facet.  The  purpose  of the  modal  
cond i ti on ing  or fi l teri ng  system  is  to  ensure  that the  modal  profi le  of the  launch  facet i s  
defined  accord ing  to  L2,  L3,  L4,  L5  or L6  i n  Table  1 .  F igure  3  shows  the  recommended  test  
setup.  

L2  i s  the  preferred  l aunch  cond i ti on ,  i n  wh ich  a  modal  profi le  i s  generated ,  wh ich  compl ies  
wi th  the  restricted  l aunch  EF  requ irements  of I EC 61 300-1 ,  and  th is  in  tu rn  is  in j ected  i n to  a  
G I -MMF  fi bre  mandrel  to  produce a  normal ised  outpu t.  

 

Figure 3  – Recommended  test setup  for mu l timode fibre  l aunch  cond itions  
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4.3.4  Input  coupl ing  condi tions  

4.3.4.1  General  

I nput coupl i ng  cond i tions  provide  in formation  on  how the  l aunch  condu i t i s  connected  to  the  
i npu t facet of the  optical  channel  under test,  for example  through  bu tt-coupl ing  or imag ing  
through  a  l ens  system ,  and  whether or not the  i nput  facet i s  treated  wi th  refractive  i ndex 
match ing  or damping  materia ls  to  m i ti gate  scattering  losses.  

4.3.4.2  Compl iant  and  fixed  refractive  index matching  material  or refractive index 
damping  material  

I t  i s  common  practice  to  appl y a  refracti ve  i ndex match ing  or damping  materia l  to  the  input 
and /or ou tpu t facet of the  channel  under test i n  order to  m i tigate  Fresnel  refl ection  and  
scattering  effects  caused  by the  roughness  of the  i npu t and /or ou tput  facet surface.  The  
refracti ve  i ndex materia l  can  be  i n  the  form  of a  l i qu id  or gel ,  wh ich  wi l l  provide  a  compl ian t 
buffer,  and  i s  best  su i ted  to  measurement whereby the  l aunch  facet i s  bu tt-coupled  i n  d i rect  
con tact or wi th in  a  few m icrons  of the  i nput facet,  such  that  the  l i qu id  or ge l  complete l y fi l l s  
the  gap  between  the  l aunch  facet and  the  input facet of the  channel  under test.  The  use  of 
l i qu id  or gel  wou ld  not be  su i table  i n  the  case  of a  free  space  projection  of l i gh t on to  the  i npu t 
facet  of the  channel  under test (such  as  imag ing  of the  ou tput of a  fibre  facet onto  the  input 
facet  of the  channel  under test  us ing  a  lens  assembly) ,  as  the  surface  tension  of the  
compl ian t materia l  wou ld  cause  i t  to  form  a  boundary of unpred ictable  geometry around  the  
i nput  facet  of the  channel  under test.  The  a l ternative  to  us ing  a  compl iant  refractive  i ndex 
match ing  material  or refracti ve  i ndex damping  materia l  i s  to  use  a  fixed  refracti ve  i ndex 
match ing  or damping  materia l  wi th  a  defined  fl at  surface,  such  as  a  th in  fi lm .  Th is  i s  usefu l  
when  the  input  facet  of the  channel  under test  has  h i gh  roughness,  bu t  a  free  space  launch  i s  
used .  

4.3.4.3  Polarisation  dependent input  coupl ing  conditions  

One important possib le  measurement parameter for s i ng le-mode  l aunch  cond i ti ons  i s  the  fast  
or s low polarisation  axis  of the  launch  facet relati ve  to  the  channel  under test.  For example,  
th is  wou ld  be  requ i red  to  characterise  the  polarisation  dependent l oss  or the  b i refri ngence  of 
the  channel  under test.  For th is  purpose,  a  top  axis  of the  i npu t channel  under test shal l  be  
defined  by the  fi rst  tester or test sample  creator and  clearl y marked  on  the  sample  con tain ing  
the  one  or more  channels  under test  or otherwise  described  in  accompanyi ng  l i terature.  

I n  measurements  requ i ri ng  a  defined  polarisation ,  the  s ing le-mode  fibre  cou ld  be  a  
polarisation  main tain ing  optical  fibre  as  defined  i n  I EC  TR 62349.  The  optical  power exi ti ng  a  
polarisation  main ta in ing  optical  fibre  wi l l  be  d ivided  between  the  fast axis  and  the  orthogonal  
s l ow axis.  The  ratio  of optical  power conta ined  i n  the  fast axis  to  the  optica l  power contained  
i n  the  s low axis  depends  on  a  number of cond i ti ons,  incl ud ing  how the  power was  launched  
i n to  fibre.  

I n  the  even t that a  polarisation  main tain ing  opti ca l  fi bre  or other specia l i ty fi bre  is  used  i n  
wh ich  the  optica l  power con tained  in  the  two orthogonal  polarisation  axes  of the  launch  facet 
i s  a  requ i red  measurement parameter,  the  measurement wi l l  be  defined  using  two  instances  
of the  measurement i denti fication  system  ou tl ined  i n  th is  document.  I n  th is  way,  a  s i ng le  
measurement wi l l  be  treated  as  two separate  measurements,  each  defin ing  one  of the  
polarisations  on  i ts  own .  

F igu re  4  shows  that the  top  axis  of the  channel  under test and  the  chosen  polarisation  axis  of 
the  l aunch  facet of a  polarisation  main ta in ing  opti ca l  fibre  wi l l  form  a  re lati ve  ang le  c3  i n  un i ts  
of degrees.  Th is  ang le  wi l l  be  defined  as  part  of the  measurement iden ti fication  system  
ou tl ined  i n  th is  document.  
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4 a)  Cross-sectional  fron t view of the  i nput facet of the  channel  under test  

 

4 b)  Cross-sectional  back vi ew of l aunch  condu i t  

 

4 c)  Cross-sectional  fron t view of channel  under test wi th  l aunch  facet al igned  over i t  

NOTE  1  I n  F i gure  4  a ),  the  top  i npu t  axi s  i s  shown.  

NOTE  2  I n  F i gure  4  b) ,  the  chosen  polari sation  axi s  of the  l aunch  facet  i s  i ncl uded .  

NOTE  3  I n  F i gu re  4  c) ,  the  top  axi s  of the  channel  under test  forms  an  ang l e  c3  i n  degrees  wi th  the  chosen  
polari sati on  axi s  of the  l aunch  facet.  

Figure 4 – Cross-sectional  views of channel  under test  at  input  

4.3.5  Output  coupl ing  cond itions  

Output  coupl ing  cond i tions  provide  i n formation  on  how the  l i gh t i s  coupled  out of the  ou tpu t  
facet of the  optical  channel  under test  to  the  capturing  condu i t,  for example  through  butt-
coupl ing  or imag ing  through  a  l ens  system ,  and  whether or not the  ou tput  facet i s  treated  wi th  
refracti ve  i ndex match ing  or damping  materia ls  to  m i ti gate  scattering  l osses.  

One  important  poss ible  measurement parameter for s i ng le-mode capturing  cond i ti ons  is  the  
polarisation  axis  of the  capturing  facet re lati ve  to  the  top  axis  of the  ou tpu t facet of the  
channel  under test.  For th is  purpose,  a  top  axis  of the  ou tpu t channel  under test sha l l  be  
defined  by the  fi rst  tester or test sample  creator and  clearl y marked  on  the  sample  con tain ing  
the  one  or more  channels  under test or otherwise  described  i n  accompanying  l i terature.  I n  
measurements  requ iri ng  a  defi ned  polarisation ,  the  s ing le-mode  fibre  shou ld  be  a  polarisation  
mainta in ing  optical  fi bre  as  defined  i n  I EC  TR 62349.  F igure  5  shows  that  the  top  axis  of the  
ou tpu t facet of the  channel  under test and  the  chosen  polarisation  axis  of the  capturing  facet 
of a  polarisation  main ta in ing  optical  fi bre  wi l l  form  a  re lative  ang le  d3  i n  un i ts  of degrees.  Th is  
ang le  wi l l  be  defined  as  part  of the  measurement i denti fication  system  ou tl i ned  in  th is  
document.  As  viewed  facing  the  ou tpu t  facet  of the  channel  under test,  moving  anticlockwise  
from  the  top  axis,  the  ang le  i ncreases  pos i ti vel y for the  enti re  revolu tion .  
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5 a)  Cross-sectional  fron t view of the  outpu t facet of the  channel  under test  

 

5 b)  Cross-sectional  back vi ew of the  capturing  condu i t  

 

5 c)  Cross-sectional  fron t vi ew of the  outpu t facet of channel  under test  
wi th  the  capturing  facet al igned  over i t  

NOTE  1  I n  F i gure  5  a) ,  the  top  ou tpu t  axi s  of channel  under test  i s  shown.  

NOTE  2  I n  F i gure  5  b ) ,  the  chosen  polari sation  axi s  of the  capturi ng  facet  i s  i ncl uded .  

NOTE  3  I n  F i gu re  5  c),  the  top  axi s  of the  ou tpu t channe l  u nder test  forms  an  ang le  d3  i n  d egrees  wi th  the  chosen  
polari sati on  axi s  of the  captu ri ng  facet.   

Figure 5  – Cross-sectional  views of the  channel  under test  at  output  

4.3.6  Capturing  cond itions  

The capturing  cond i ti ons  include  in formation  on  the  capturing  condu i t  used  to  extract the  
optical  s i gnal  from  the  optical  channel  under test and  bas ic i n formation  on  the  measuring  
e lement,  such  as  a  photodetector or CCD camera.  However,  i t  sha l l  be  noted  that,  a l l  other 
cond i ti ons  being  equal ,  the  response of the  measurement equ ipment i tsel f wi l l  vary from  
device  to  device,  so  i t  i s  a  requ i rement of th is  document that the  measurement equ ipment be  
speci fied  expl ici tl y as  wel l .  

4.4 Launch  and  capturing  posi tion  

The  pos i tion  of the  l aunch  facet  relative  to  the  i npu t facet of the  channel  under test and  the  
pos i tion  of the  capturing  facet  re lative  to  the  ou tpu t facet  of the  channel  under test  are  cri tical  
parameters.  I n  wavegu ide  measurements,  the  s tandard  procedure  i s  to  ad j ust  the  l aunch  and  
capturing  axes  around  the  i nput and  ou tput  facets  of a  channel  under test respective l y to  
ach ieve  the  maximum  transm ittance  or m in imum  insertion  l oss .  The  respective  pos i tions  of 
l aunch  and  capturing  axes  re lati ve  to  the  i nput and  ou tpu t facets  of the  channel  under test  
requ i red  to  ach ieve  maximum  transm i ttance  depend  strong l y on  the  geometry of the  channel  
under test and  rare l y coincide  wi th  the  exact cen tre  of the  i nput and  outpu t facets.  I ndeed ,  i t  
wou ld  be  proh ibi ti vel y d i fficu l t  for testers  to  i denti fy the  exact centre  of the  i npu t and  output  
facets  and  a l ign  the  cen tres  of thei r l aunch  and  capturing  facets  to  them .  

The  most viable  and  repeatable  measurement i s ,  therefore,  the  maximum  transm i ttance  
ach ievable  on  a  g iven  channel  under test.  Th is  assumes  competences  of the  testers  to  ad j ust 
properl y their l aunch  and  capturing  devices  to  i den ti fy th is ,  bu t  th is  i s  the  most reproducible  
approach .  Th is  wi l l  be  referred  to  as  the  fundamenta l  measurement.  
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4.5  Launch  and  capture d i rection  

The i nput facet of the  optical  channel  under test i s  defined  as  the  area  through  wh ich  the  l i ght  
needs  to  be  i n jected  in  order to  be  best  conveyed  i n to  the  optical  channel  under test.  The  
ou tpu t facet of the  optical  channel  under test i s  defi ned  as  the  area  through  wh ich  l i gh t exi ts  
the  optical  channel  under test.  

I n  most optica l  wavegu ide  channels ,  the  input and  ou tpu t facets  of the  channel  under test are  
orthogonal  to  the  axis  of the  channel  under test,  as  shown  in  F igure  6.  I f the  i nput facet of the  
channel  under test i s  orthogonal  to  the  axis  of the  channel  under test,  the  axis  of the  l aunch  
condu i t  shal l  be  col l i near wi th  the  axis  of the  channel  under test when  carrying  ou t the  
fundamental  measurement.  I f the  ou tpu t facet  of the  channel  under test i s  orthogonal  to  the  
axis  of the  channel  under test,  then  the  axis  of the  capturing  condu i t  shal l  be  col l i near wi th  the  
axis  of the  channel  under test  when  carrying  out the  fundamenta l  measurement.  

 

Figure 6  – Measurement setup wi th  col l inear l aunch  and  capture d i rection  

I n  some optica l  wavegu ide  channels ,  a  deflection  e lement or s tructure  that  deflects  the  l ight  
propagating  a long  the  main  wavegu ide  axis  by 90°  can  be  i ncorporated .  I n  such  cases,  the  
i npu t and/or ou tpu t facets  of the  channel  under test can  be  paral l e l  to  the  axis  of the  channel  
under test,  as  shown  i n  F igure  7 .  

I f the  i npu t facet of the  channel  under test  i s  paral le l  to  the  axis  of the  channel  under test,  the  
axis  of the  launch  condu i t sha l l  be  orthogonal  to  the  axis  of the  channel  under test when  
carrying  ou t the  fundamental  measurement of m in imum  i nsertion  loss .  I f the  ou tpu t facet of 
the  channel  under test  i s  orthogonal  to  the  axis  of the  channel  under test,  the  axis  of the  
capturing  condu i t shal l  be  orthogonal  to  the  axis  of the  channel  under test  when  carrying  ou t 
the  fundamenta l  measurement of m in imum  insertion  l oss.  
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Figure 7  – Measurement setup with  orthogonal  l aunch  and  capture  d i rection  

There  may be  other cases  i n  wh ich  the  axis  of the  launch  condu i t and  the  capturing  condu i t  
are  not normal  to  the  i nput and  ou tpu t facet.  For example,  F igure  8  shows  a  wavegu ide  wi th  a  
surface  grati ng  coupl ing  structu re  optim ised  to  deflect l i gh t  ou t  of the  wavegu ide  at  an  obl i que  
ang le,  a l though  the  input  facet  and  output  facet are  paral l e l  to  the  wavegu ide  axis .  

 

Figure 8  – Measurement setup wi th  obl ique  l aunch  and  capture  d i rection  
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I t  i s  u nderstood  i n  th is  document that the  launch  condu i t  and  capturing  condu i t  wi l l  be  
orien ted  as  requ i red  re lati ve  to  the  i npu t and  ou tpu t facets  of the  optica l  channel  under test  to  
a l l ow the  fundamenta l  measurement.  Therefore,  there  is  no  restriction  on  the  d i rection  of the  
l aunch  and  capturing  condu i t  re lati ve  to  the  i nput  facet  and  ou tpu t facet of the  channel  under 
test.  

5 Measurement identi fication  code  

5. 1  General  

The measurement defin i ti on  system  requ ires  the  use  a  measurement i denti fication  code  (M IC)  
to  speci fy sufficientl y the  measurement cond i tions  for the  optical  channel  under test (F igure  9).   

 

 

NOTE  1  Mandatory parameters  are  i n  bol d  text.  

NOTE  2  Custom isation  parameters  are  i n  i ta l i cs .  

Figure 9  – Measurement identi fication  code  construction   

5. 2  Measurement identi fication  code  construction  

5.2. 1  General  

The M IC  i s  comprised  of five  th ree-d ig i t  numerical  coord inates  that represent the  fi ve  cri tical  
areas  of the  measurement envi ronment,  as  described  above.  Each  coord inate  is  a lso  fo l l owed  
by a  set of custom isation  parameters  in  parentheses  re lating  to  that coord inate.  

5.2.2  AAA – Source characteristics  

Coord inate  AAA conta ins  the  i n formation  about the  source  used  to  stimu late  the  optical  
channel .  The  coord inate  value  i s  obta ined  from  the  fi rst  reference l ook-up  table  (Table  2).  

5.2.3  BBB(b1 )  – Launch  cond itions  

Coord inate  BBB  contains  i n formation  abou t the  condu i t  used  between  the  l i ght  from  the  
source  and  the  input  poin t  of the  optical  channel  under test.  The  coord inate  va lue  is  obtained  
from  the  second  reference look-up  table  (Table  3) .  The  BBB  coord inate  shal l  be  fol lowed  by 
the  value  of the  tota l  average  optical  power as  measured  at the  l aunch  facet  expressed  i n  
un i ts  of m icrowatts .  Th is  i s  mandatory.  
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5.2.4  CCC – Input coupl ing  condi tions  

Coord inate  CCC con tains  i n formation  about how l igh t i s  coupled  from  the  launch  condu i t to  
the  i npu t poin t of the  optical  channel  under test.  The  coord inate  value  is  obta ined  from  the  
th i rd  reference  look-up  tab le  (Table  4) .  

5.2.5  DDD – Output coupl ing  cond i tions  

Coord inate  DDD  con tains  i n formation  about how l i gh t i s  coupled  out  of the  ou tpu t facet of the  
optica l  channel  under test  to  the  capturing  condu i t  or e lement.  The  coord inate  va lue  i s  
obtained  from  the  fourth  reference l ook-up  table  (Table  5) .  

5.2.6  EEE – Capturing  condi tions  

Coord inate  EEE  contains  i n formation  abou t the  capturing  condu i t  ( i f any)  between  the  ou tpu t 
facet and  the  optica l  measurement device.  The  coord inate  va lue  i s  obtained  from  the  fi fth  
reference  l ook-up  table  (Table  6) .  

The  numerical  va lue  of each  coord inate  wi l l  be  extracted  from  the  correspond ing  coord inate  
reference  tables  i n  the  fol lowing  subclauses.  

5.3  Extended  measurement  identi fication  code  with  customisation  parameters  

5.3. 1  General  

The M IC can  be  extended ,  i f necessary,  to  accommodate  speci fic custom isation  parameters  
for user definable  measurement characteristics .  

I n  th is  case,  the  custom isation  parameters  are  i ncluded  in  brackets  immed iate l y after the  3-
d ig i t  coord inate  va lue  to  wh ich  i t  appl i es .  The  custom isation  parameters  are  defined  for each  
coord inate  reference  tab le.  

The  fu l l  M IC  wi th  a l l  custom isation  parameters  i s  defined  as  fol lows:  

M IC AAA(a1 ,  a2)  – BBB(b1 ,  b2,  b3,  b4)  – CCC(c1 ,  c2 ,  c3)  – DDD(d1 ,  d2 ,  d3)  – EEE(e1 ,  e2 ,  
e3,  e4)  

For certa in  coord inate  va lues,  custom isation  parameters  shal l  be  speci fi ed .  

Custom isation  adds  complexi ty to  the  measurement defin i tion  system ,  potentia l l y i ncreases  
measurement uncertain ty,  and  shou ld  be  avoided .  

The  BBB custom isation  parameter b1 ,  however,  shal l  a lways  be  speci fied .  

Preferably,  the  measurement cond i ti ons  chosen  i n  most cases  wi l l  be  from  a  smal l  set of 
common  test setups  and  wi l l  not  requ i re  custom isation .  

5.3.2  Customisation  parameters  wi th  placeholders  

I n  most  cases,  for a  g i ven  coord inate  value  (e. g .  CCC),  on l y some of a l l  possib le  
custom isation  parameters  wi l l  be  requ i red ,  wi th  others  not  appl icable.  I f any custom isation  
parameters  are  speci fied  for a  g i ven  coord inate  value,  i nappl icable  custom isation  parameters  
shou ld  have  an  "X"  value  in  the  correspond ing  pos i ti on  to  serve  as  a  pl aceholder.  The  on l y 
exception  is  b1 ,  wh ich  i s  a  mandatory parameter,  so  i f there  are  no  va lues  requ ired  for b2,  b3  
or b4,  on l y the  b1  parameter need  be  shown  after the  BBB  coord inate  va lue.  

For example:  M IC AAA(X,  a2)  – BBB(b1 )  – CCC(c1 ,  c2 ,  X)  – DDD(d1 , d2, d3)  – EEE(e1 ,  X,  e3)  
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5.4 Reference  measurements  

Reference measurements  (or back-to-back measurements)  are  measurements  taken  wi th  the  
DUT removed  to  provide  a  comparative  reference requ i red  for various  quanti ti es  such  as  
i nsertion  l oss .  

I n  order for a  reference  measurement to  be  val i d ,  the  same M IC  shal l  be  appl ied  to  the  
reference  measurement as  is  appl ied  to  the  correspond ing  measurement on  the  DUT  (see  
F igure  1 0),  wi th  one  exception :  for reference measurements ,  the  i npu t and  ou tpu t facet 
treatment associated  wi th  the  CCC and  DDD coord inates  respective l y wi l l  be  ignored .  

 

 

Figure 1 0  – Reference  measurements  wi th  the  same M IC  

5.5  Coordinate  table  AAA – Source  characteristics  

5.5. 1  Mandatory parameters  

There  are  no  mandatory parameters.  

5.5.2  Customisation  parameters  

The fol l owing  custom isation  parameters  are  defined  for Table  2 :  

•  a1  – cen tre  wavelength  (λ)  of source  i n  un i ts  of nanometres  

•  a2  – fu l l  wid th  hal f maximum  of source  spectral  wi d th  (δλ)  i n  un i ts  of nanometres   
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Table  2  – AAA coord inate  reference for source characteristics   

Source  →  
S i ng le-mode a)  

Mu l timode  – narrow 
spectral  b)  

Mu l timode  – 
medium  spectral  c)  

Mu l timode – broad  
spectral  d)   

Mu l timode  – very 
broad  spectral  e)   

Custom  f)  Reserved  

Centre  
wavelength  

(λ)  

↓  

          

Custom  

λ  (a1 )  nm  001  002  003  004  005  006  007  008  009  01 0  

532  nm  01 1  01 2  01 3  01 4  01 5  01 6  01 7  01 8  01 9  020  

660nm  021  022  023  024  025  026  027  028  029  030  

780nm  031  032  033  034  035  036  037  038  039  040  

850  nm  041  042  043  044  045  046  047  048  049  050  

935  nm  051  052  053  054  055  056  057  058  059  060  

980  nm  061  062  063  064  065  066  067  068  069  070  

1  000  nm  071  072  073  074  075  076  077  078  079  080  

1  060  nm  081  082  083  084  085  086  087  088  089  090  

1  300  nm  091  092  093  094  095  096  097  098  099  1 00  

1  31 0  nm  1 01  1 02  1 03  1 04  1 05  1 06  1 07  1 08  1 09  1 1 0  

1  470  nm  1 1 1  1 1 2  1 1 3  1 1 4  1 1 5  1 1 6  1 1 7  1 1 8  1 1 9  1 20  

1  490  nm  1 21  1 22  1 23  1 24  1 25  1 26  1 27  1 28  1 29  1 30  

1  51 0  nm  1 31  1 32  1 33  1 34  1 35  1 36  1 37  1 38  1 39  1 40  

1  530  nm  1 41  1 42  1 43  1 44  1 45  1 46  1 47  1 48  1 49  1 50  

1  550  nm  1 51  1 52  1 53  1 54  1 55  1 56  1 57  1 58  1 59  1 60  

1  570  nm  1 61  1 62  1 63  1 64  1 65  1 66  1 67  1 68  1 69  1 70  

1  590  nm  1 71  1 72  1 73  1 74  1 75  1 76  1 77  1 78  1 79  1 80  

1  61 0  nm  1 81  1 82  1 83  1 84  1 85  1 86  1 87  1 88  1 89  1 90  

1  625  nm  1 91  1 92  1 93  1 94  1 95  1 96  1 97  1 98  1 99  200  

Wh i te  201  202  203  204  205  206  207  208  209  21 0  
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Source  →  
S i ng le-mode a)  

Mu l timode  – narrow 
spectral  b)  

Mu l timode  – 
medium  spectral  c)  

Mu l timode – broad  
spectral  d)   

Mu l timode  – very 
broad  spectral  e)   

Custom  f)  Reserved  

Centre  
wavelength  

(λ)  

↓  

          

Reserved  21 1  21 2  21 3  21 4  21 5  21 6  21 7  21 8  21 9  220  

Reserved  221  222  223  224  225  226  227  228  229  230  

a)   Spectral  wid th  ≤  1 0  nm  (e. g .  l aser d iode)  

b)   2  nm  ≤  spectral  wid th  <  1 0  nm  (e. g .  VCSEL,  edge-em i tti ng  sem iconductor l aser)  

c)   1 0  nm  ≤  spectral  wi d th  <  30  nm  (e. g .  l aser d i ode  or LED)  

d )   30  nm  ≤  spectral  wi d th  <  1 50  nm  (LED,  ampl i fi ed  spon taneous  em ission)  

e)   1 50  nm  ≤  spectral  wid th  (LED,  ampl i fi ed  spontaneous  em ission)  

f)   FWHM spectral  wi d th  (a2)  nm  
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5.6  Coordinate  table  BBB – Launch  conditions  

5.6. 1  Mandatory parameter 

The fol lowing  mandatory parameter shal l  a lways  be  i ncluded  after the  BBB  coord inate:  

•  (b1 )  – optical  power as  measured  at  l aunch  facet  i n  un i ts  of m icrowatts  

For example,  a  coord inate  of AAA-BBB(500)–CCC–DDD–EEE  wou ld  i nd icate  that  the  optica l  
power measured  at  the  launch  facet i s  500  µW.  

5.6.2  Customisation  parameters  

The fol lowing  custom isation  parameters  are  defined  for Table  3 :  

•  (b2)  – d iameter of fibre  core  in  un i ts  of m icrometres  

•  (b3)  – numerical  aperture  of fi bre  

•  (b4)  – parabol ic  profi le  parameter of the  fi bre  core  

 



 IE
C
 6
2
4
9
6
-2

:2
0
1
7
 

 IE
C
 2
0
1
7
 

–
 2
5
 –
 

 

Table  3  – BBB coord inate  reference for l aunch  cond itions  

Mode fi l tered  ou tput →  
No  mode  
fi l tering  

L1  (UF)  a)  L2  (EF  /  EMD)  b)  L3  (EF)  c)  L4 (EMD)  d)  L5  (OF)  L6  (VOF/EAF)  e)  Reserved  

Launch  condu i t  

↓  
          

Di rect source  coupl i ng  001  002  003  004  005  006  007  008  009  01 0  

Glass  fibre  S I   

Ø9/1 25  μm  SMF  (OS1 )  01 1  01 2  01 3  01 4  01 5  01 6  01 7  01 8  01 9  020  

Ø9/1 25  μm  B I  SMF  021  022  023  024  025  026  027  028  029  030  

Ø50/1 25  µm  031  032  033  034  035  036  037  038  039  040  

Ø62, 5/1 25  µm  041  042  043  044  045  046  047  048  049  050  

Ø1 05  µm  051  052  053  054  055  056  057  058  059  060  

Ø200  µm  061  062  063  064  065  066  067  068  069  070  

Glass  fibre  GI   

Ø50/1 25  µm  OM5 MMF  

(non-bend  i nsens i ti ve)   071  072  073  074  075  076  077  078  079  080  

Ø50/1 25  µm  OM5 B IMMF  

(bend  i nsensi ti ve)  081  082  083  084  085  086  087  088  089  090  

Ø50/1 25  µm  OM4  MMF  

(non-bend  i nsens i ti ve)   091  092  093  094  095  096  097  098  099  1 00  

Ø50/1 25  µm  OM4  B IMMF  

(bend  i nsensi ti ve)  1 01  1 02  1 03  1 04  1 05  1 06  1 07  1 08  1 09  1 1 0  

Ø50/1 25  µm  OM3  MMF  

(non-bend  i nsens i ti ve)  1 1 1  1 1 2  1 1 3  1 1 4  1 1 5  1 1 6  1 1 7  1 1 8  1 1 9  1 20  

Ø50/1 25  µm  OM3  B IMMF  

(bend  i nsensi ti ve)  1 21  1 22  1 23  1 24  1 25  1 26  1 27  1 28  1 29  1 30  

Ø50/1 25  µm  (OM2)  1 31  1 32  1 33  1 34  1 35  1 36  1 37  1 38  1 39  1 40  

Ø62, 5/1 25  µm  (OM1 )  1 41  1 42  1 43  1 44  1 45  1 46  1 47  1 48  1 49  1 50  
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Mode fi l tered  ou tput →  
No  mode  
fi l tering  

L1  (UF)  a)  L2  (EF  /  EMD)  b)  L3  (EF)  c)  L4 (EMD)  d)  L5  (OF)  L6  (VOF/EAF)  e)  Reserved  

Launch  condu i t  

↓  
          

Ø1 05 µm ,  NA 0, 22  1 51  1 52  1 53  1 54  1 55  1 56  1 57  1 58  1 59  1 60  

Ø200  µm ,  NA 0, 39  1 61  1 62  1 63  1 64  1 65  1 66  1 67  1 68  1 69  1 70  

Hard  pol ymer cladd ing  fibre  
(HPCF) f)   

Ø200/230  µm  A3  1 71  1 72  1 73  1 74  1 75  1 76  1 77  1 78  1 79  1 80  

Plastic  optical  fibre  SI   

 Ø980/1  000  µm  (A4)  1 81  1 82  1 83  1 84  1 85  1 86  1 87  1 88  1 89  1 90  

Plastic  optical  fibre  GI   

Ø50/1 25  µm  1 91  1 92  1 93  1 94  1 95  1 96  1 97  1 98  1 99  200  

Ø62, 5/1 25  µm  201  202  203  204  205  206  207  208  209  21 0  

Ø980/1  000  µm  (A4)  21 1  21 2  21 3  21 4  21 5  21 6  21 7  21 8  21 9  220  

Custom   

Ø  (b2)  µm ,  NA (b3),  profi l e  
parameter (b4)  221  222  223  224  225  226  227  228  229  230  

Special ist  G lass  fibre  GI   

Ø25  µm ,  NA 0 . 1  231  232  233  234  235  236  237  238  239  240  

a)   U nderfi l l ed  l au nch  compl i es  wi th  s i n g l e-mode  l au nch  req u i remen ts  i n  I EC  61 300-1 .  

b)   Compl i es  wi th  EF  req u i remen ts  i n  I EC  6 1 280-4-1  an d  EAF  requ i remen ts  i n  I EC  61 300-3-53.  

c)   Compl i es  wi th  EF  req u i remen ts  i n  I EC  6 1 280-4-1 .  

d )   Compl i es  wi th  EAF  requ i remen ts  i n  I EC  6 1 300-3 -53 .  

e)   Overfi l l ed  d i stri bu ti on  wi th  u n i form  near-fi e l d  opti cal  i n tens i ty d i stri bu t i on .  

f)   Compl i es  wi th  I EC  60793-2 .  
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5.7  Coordinate  table  CCC – Input coupl ing  cond itions  

5.7. 1  Mandatory parameters  

There  are  no  mandatory parameters.  

5.7.2  Customisation  parameters  

The fol lowing  custom isation  parameters  are  defined  for Table  4 :  

•  (c1 )  – refracti ve  i ndex of i ndex match ing  materia l  (gel ,  o i l  or fi lm )  appl ied  to  i nput  facet  

•  (c2)  – axia l  d istance  between  l aunch  condu i t  ou tpu t  facet and  input  facet  

•  (c3)  – ang le  between  polarisation  p lane  and  top  i npu t axis  of channel  under test  
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Table  4  – CCC coord inate  reference for input coupl ing  cond itions  

Input facet treatment →  Un treated  
Refractive  i ndex in terface 
materi al  appl ied  where  

n
i n terface

 =  c1  

Refractive  i ndex in terface 
fi lm   appl ied  where  n

fi lm
 =  

c1  
       

Coupl ing  arrangement 

↓     

  

     

Bu tt  coupl ing            

Axial  d i splacement  =  0  µm  001  002  003  004  005  006  007  008  009  01 0  

Axial  d i splacement  =  5  µm  01 1  01 2  01 3  01 4  01 5  01 6  01 7  01 8  01 9  020  

Axial  d i splacement  =  50  µm  021  022  023  024  025  026  027  028  029  030  

Axial  d i splacement  =  1 00  µm  031  032  033  034  035  036  037  038  039  040  

Axial  d i splacement  =  (c2)  µm  041  042  043  044  045  046  047  048  049  050  

Lens  coupl ing  arrangement   

Imag ing  

Source/l aunch  condu i t  on to  
i npu t  facet   

051  052  053  054  055  056  057  058  059  060  
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5.8  Coordinate  table  DDD – Output coupl ing  conditions  

5.8. 1  Mandatory parameters  

There  are  no  mandatory parameters.  

5.8.2  Customisation  parameters  

The fol lowing  custom isation  parameters  are  defined  for Table  5 :  

•  (d 1 )  – refractive  index of i ndex match ing  materia l  (ge l ,  o i l  or fi lm )  appl ied  to  ou tpu t facet  

•  (d2)  – axia l  d is tance  between  ou tpu t facet and  capturing  condu i t i npu t facet  

•  (d3)  – ang le  between  polarisation  p lane  and  top  i npu t axis  of channel  under test  
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Table  5  – DDD coord inate  reference for output coupl ing  conditions  

Output facet treatment →  Untreated  
Refractive  i ndex i n terface  
materi al  appl i ed  where  

n
i n terface

 =  d1  

Refractive  i ndex in terface 
fi lm   appl ied  where  n

fi lm
 =  

d1  
       

Coupl ing  arrangement 

↓     

  

     

Bu tt  coupl ing            

Axial  d i splacement  =  0  µm  001  002  003  004  005  006  007  008  009  01 0  

Axial  d i splacement  =  5  µm  01 1  01 2  01 3  01 4  01 5  01 6  01 7  01 8  01 9  020  

Axial  d i splacement  =  50  µm  021  022  023  024  025  026  027  028  029  030  

Axial  d i splacement  =  1 00  µm  031  032  033  034  035  036  037  038  039  040  

Axial  d i splacement  =  (d2)  µm  041  042  043  044  045  046  047  048  049  050  

Lens  coupl ing  arrangement  

Imag ing  

Source/l aunch  condu i t  on to  
i npu t  facet   

051  052  053  054  055  056  057  058  059  060  
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5.9  Coordinate  table  EEE  – Capturing  cond i tions  

5.9. 1  Mandatory parameters  

There  are  no  mandatory parameters.  

5.9.2  Customisation  parameters  

The fol lowing  custom isation  parameters  are  defined  for Table  6 :  

•  (e1 )  – d iameter of fibre  core  in  un i ts  of m icrometres  

•  (e2)  – numerical  aperture  of fi bre  

•  (e3)  – parabol ic  profi le  parameter of the  fibre  core  

•  (e4)  – d iameter of spatial  fi l ter 
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Table  6  – EEE coordinate  reference for capturing  cond itions  

Capturing  device  →  

Photodetector 
detector coupled  

to  capturing  
condu i t  

I n tegrating  
sphere  detector 

coupled  to  
capturing  
condu i t  

Large  area  
photodetector 
wi thout spatial  

fi l ter 

Large  area 
photodetector 
wi th  ci rcu lar 

spati al  fi l ter Ø75 
µm  

Large  area  
photodetector 
wi th  ci rcu lar 
spati al  fi l ter 
Ø(e4)  µm  

     

Capturing  condu i t  

↓            

D i rect coupl ing  wi thout 
i n termediary condu i t  001  002  003  004  005  006  007  008  009  01 0  

Glass  fibre  S I   

Ø9/1 25  μm  SMF  (OS1 )  01 1  01 2  01 3  01 4  01 5  01 6  01 7  01 8  01 9  020  

Ø9/1 25  μm  B I  SMF  021  022  023  024  025  026  027  028  029  030  

Ø50/1 25  µm  031  032  033  034  035  036  037  038  039  040  

Ø62, 5/1 25  µm  041  042  043  044  045  046  047  048  049  050  

Ø1 05  µm  051  052  053  054  055  056  057  058  059  060  

Ø200  µm  061  062  063  064  065  066  067  068  069  070  

Glass  fibre  G I   

Ø50/1 25  µm  OM5 MMF  

(non-bend  i nsens i ti ve)   071  072  073  074  075  076  077  078  079  080  

Ø50/1 25  µm  OM5 B IMMF  

(bend  i nsens i ti ve)  081  082  083  084  085  086  087  088  089  090  

Ø50/1 25  µm  OM4  MMF  

(non-bend  i nsens i ti ve)   091  092  093  094  095  096  097  098  099  1 00  

Ø50/1 25  µm  OM4  B IMMF  

(bend  i nsens i ti ve)  1 01  1 02  1 03  1 04  1 05  1 06  1 07  1 08  1 09  1 1 0  

Ø50/1 25  µm  OM3 MMF  

(non-bend  i nsens i ti ve)  1 1 1  1 1 2  1 1 3  1 1 4  1 1 5  1 1 6  1 1 7  1 1 8  1 1 9  1 20  

Ø50/1 25  µm  OM3 B IMMF  

(bend  i nsens i ti ve)  1 21  1 22  1 23  1 24  1 25  1 26  1 27  1 28  1 29  1 30  
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Capturing  device  →  

Photodetector 
detector coupled  

to  capturing  
condu i t  

I n tegrating  
sphere  detector 

coupled  to  
capturing  
condu i t  

Large  area  
photodetector 
wi thout spatial  

fi l ter 

Large  area 
photodetector 
wi th  ci rcu lar 

spati al  fi l ter Ø75 
µm  

Large  area  
photodetector 
wi th  ci rcu lar 
spati al  fi l ter 
Ø(e4)  µm  

     

Capturing  condu i t  

↓            

Ø50/1 25  µm  (OM2)  1 31  1 32  1 33  1 34  1 35  1 36  1 37  1 38  1 39  1 40  

Ø62, 5/1 25  µm  (OM1 )  1 41  1 42  1 43  1 44  1 45  1 46  1 47  1 48  1 49  1 50  

Ø1 05  µm ,  NA 0 , 22  1 51  1 52  1 53  1 54  1 55  1 56  1 57  1 58  1 59  1 60  

Ø200  µm ,  NA 0 , 39  1 61  1 62  1 63  1 64  1 65  1 66  1 67  1 68  1 69  1 70  

Hard  pol ymer cladd ing  fibre  
(HPCF)   

Ø200/230  µm  A3  1 71  1 72  1 73  1 74  1 75  1 76  1 77  1 78  1 79  1 80  

Plastic  optical  fibre  S I   

Ø50/1 25  µm  1 81  1 82  1 83  1 84  1 85  1 86  1 87  1 88  1 89  1 90  

Ø62, 5/1 25  µm  1 91  1 92  1 93  1 94  1 95  1 96  1 97  1 98  1 99  200  

Ø980/1  000  µm  (A4)  201  202  203  204  205  206  207  208  209  21 0  

Custom   

Ø  (b2)  µm ,  NA (b3),  profi l e  
parameter (b4)  21 1  21 2  21 3  21 4  21 5  21 6  21 7  21 8  21 9  220  

Special ist  g l ass  fibre  G I   

Ø25  µm ,  NA 0. 1  221  222  223  224  225  226  227  228  229  230  
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5.1 0  Examples  of deployment 

5. 1 0. 1  General  

The fol l owing  examples  are  presented  of the  use  of the  M IC  to  capture  a  comprehensive  
amoun t of in formation  on  the  test and  measurement cond i ti ons  for an  optical  ci rcu i t board  
channel .  

5.1 0.2  M IC-042-1 1 3(400)-001 -001 -1 1 2  ( in tegrating  sphere  device  detai ls  including  
suppl ier and  model  number)  

A mu l timode  850  nm  VCSEL test  source  wi th  a  narrow spectra l  wid th  of 5  nm  is  connected  to  
a  non-bend  insensi ti ve  OM3  50/1 25  µm  g lass  fi bre.  Mode  fi l tering  e lements  are  arranged  such  
that  the  spatia l  and  angu lar power d istribution  of ou tpu t of the  fi bre  i n to  the  i npu t facet of the  
optical  channel  under test i s  compl ian t wi th  the  template  profi les  for EF  and  EAF  defined  in  
I EC 61 300-1  and  I EC 61 300-3-53,  respectivel y,  for non-bend  i nsens i ti ve  OM3  50/1 25  µm  
g lass  fi bres.  The  tota l  optical  power measured  at the  launch  facet i s  400  µW.  

The  ou tpu t fi bre  facet i s  bu tt-coupled  to  the  i npu t facet of the  optical  channel  under test wi th  
an  axia l  d istance  of 0  µm  and  i s  thus  touch ing  the  i nput  facet.  The  i npu t facet  i s  un treated .  

The  ou tpu t facet of the  optical  channel  under test  i s  u n treated  and  bu tt-coupled  wi th  an  axia l  
d isp lacement of 0  µm  to  a  non-bend  i nsensi ti ve  OM3  50/1 25  µm  g lass  fibre.  

The  capturing  fi bre  is  coupled  d i rectl y to  an  i n tegrati ng  sphere  detector.  The  suppl ier name,  
model  number and  any other i n formation  requ i red  to  i den ti fy the  measurement apparatus  used  
is  preferabl y expl ici tl y s tated  after the  M IC  code.  

Th is  measurement setup  wou ld  be  recommended  to  evaluate  the  optical  ci rcu i t  board  for 
appl ications  requ iring  mu l timode  fibre-to-board  connectivi ty wi th  repeatable  mating .  

5. 1 0.3  M IC-072-1 23(205)-053(1 .56,  X,X)-001 -042  ( integrating  sphere device  detai ls  
includ ing  suppl ier and  model  number)  

A mu l timode  1  060  nm  test source  wi th  a  narrow spectral  wid th  between  2  nm  and  1 0  nm  is  
connected  to  a  bend  i nsens i ti ve  OM3  50/1 25  µm  g lass  fi bre.  Mode fi l tering  e lements  are  
arranged  such  that the  spatia l  and  angu lar power d istribution  of ou tput  of the  fi bre  i n to  the  
i nput  facet  of the  optical  channel  under test  i s  compl ian t  wi th  the  template  profi l es  for EF  and  
EAF  requ i rements  defined  i n  I EC  6261 4  and  I EC 61 300-3-53,  respective l y,  for bend  
i nsens i ti ve  OM3  50/1 25  µm  g lass  fi bres.  The  tota l  optica l  power measured  at  the  launch  facet 
i s  205  µW.  

The  l aunch  fi bre  facet i s  imaged  on to  the  i nput  facet  of the  optical  channel  under test  wi th  a  
l ens  arrangement.  The  inpu t facet i s  treated  wi th  a  th in  fi lm  wi th  a  refracti ve  i ndex of 1 , 56.  

The  ou tpu t facet of the  optica l  channel  under test  i s  un treated  and  bu tt-coupled  wi th  an  axia l  
d isplacement of 0  µm  to  a  s tep  i ndex g lass  capturing  fi bre  wi th  core  d iameter 62, 5  µm .  

The  capturing  fibre  i s  coupled  d i rectl y to  an  i n tegrating  sphere  detector.  The  suppl ier name,  
model  number and  any other in formation  requ i red  to  i den ti fy the  measurement apparatus  used  
is  preferabl y expl ici tl y s tated  after the  M IC  code.  

Th is  measurement setup  wou ld  be  su i table  to  evaluate  the  optical  ci rcu i t  board  for 
appl ications  requ i ring  free  space  imag ing  optics  at  the  i n terfaces,  such  as  expanded  beam  
connectors.  



I EC 62496-2: 201 7    I EC  201 7  – 35  –  

5.1 0.4  Fast polarisation  axis:  M IC-091 -072(1 50)-042(1 .53,  25,  -30)-051 -004;  slow 
polarisation  axis:  M IC-091 -072(75)-042(1 .53,  25,  -1 20)-051 -004 

A s ing le-mode  1  31 0  nm  test source  wi th  a  spectra l  wid th  lower than  1 0  nm  is  connected  to  a  
9, 2/1 25  µm  graded  index polarisation  main tain ing  optical  fi bre.  The  fibre  is  arranged  such  that 
ou tpu t power d istribution  i s  compl ian t wi th  the  s i ng le-mode  launch  cond i tions  defined  in  
I EC 61 300-1 .  The  tota l  optical  power measured  at the  l aunch  facet from  the  fast polarisation  
axis  i s  1 50  µW.  The  tota l  optical  power measured  at the  l aunch  facet  from  the  s low 
polarisation  axis  i s  75  µW.  

The  launch  fibre  facet i s  oriented  re lative  to  the  i npu t facet of the  channel  under test such  that 

the  fast polarisation  axis  forms  an  ang le  of –30°  to  the  des ignated  top  axis  of the  i npu t 
channel  under test  ( i . e.  30°  moving  anti -clockwise  from  the  top  axis  of the  i nput facet of the  
channel  under test) ,  and  the  s l ow polarisation  axis  forms  an  ang le  of –1 20°  to  the  designated  
top  axis  of the  i npu t channel  under test  ( i . e.  1 20°  moving  anti -clockwise  from  the  top  axis  of 
the  i npu t facet of the  channel  under test).  The  l aunch  fi bre  facet  i s  bu tt-coupled  on  to  the  
i nput  facet of the  optica l  channel  under test  wi th  an  axia l  d isp lacement of 25  µm .  The  i npu t 
facet i s  treated  wi th  a  refractive  i ndex fl u id  wi th  a  refracti ve  i ndex of 1 , 53  for a  waveleng th  of 
1  31 0  nm .  

The  ou tput facet of the  optica l  channel  under test  i s  un treated  and  imaged  through  an  imag ing  
l ens  assembly to  a  l arge  area  photo-detector wi th  a  75  µm  spatia l  fi l ter.  

Th is  measurement setup  wou ld  be  su i table  to  evaluate  the  polarization  dependent 
performance of optical  ci rcu i t  boards  for appl ications  requ i ring  polari zation  sensi ti ve  
connectivi ty such  as  ad iabatic wavegu ide  coupl i ng  to  photon ic i n tegrated  ci rcu i ts .  
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Annex A 
(informative)  

 
State  of the  art in  optical  i nterconnect technologies  

A.1  Diversi ty of optical  in terconnect technologies   

There  are  many varieties  of system  embedded  optical  i n terconnect,  wh ich  have  emerged  at  
d i fferent stages  over the  past 20  years  and  d i ffer strong l y from  each  other i n  terms  of their 
materia l  composi tion ,  wavegu ide  profi l e ,  channel  and  performance  characteristics,  fabrication  
process  and  compl ian t technolog ies.  These  varieties  i nclude,  

a)  fibre-optic ci rcu i t  l am inates  [1 ] 1 ,  

b)  embedded  p lanar pol ymer wavegu ides  [2] ,  [3 ] ,  

c)  embedded  p lanar g lass  wavegu ides  [4 ] ,  [5] ,  and  

d )  free  space  optics  [6 ] .  

A.2  Fibre-optic ci rcui t  laminates  

Lam inated  fibre-optic ci rcu i ts  i n  wh ich  optical  fi bres  are  pressed  and  g lued  i n to  p lace  on  a  
substrate  benefi t from  the  re l iabi l i ty of conven tional  optical  fi bre  technology.  However,  these  
ci rcu i ts  cannot accommodate  wavegu ide  crossings  i n  the  same l ayer,  i . e.  fi bres  shal l  cross  
over each  other and  cannot cross  through  each  other.  Moreover,  wi th  each  add i ti onal  fibre  
l ayer,  backing  substrates  shal l  typica l l y be  added  to  hold  the  fi bres  in  p lace,  thus  s ign i fican tl y 
i ncreasing  the  th ickness  of the  ci rcu i t.  Th is  wou ld  l im i t  the  long-term  usefu lness  of l am inated  
fibre-optic ci rcu i ts  i n  PCB  stack-ups.  At  best,  they can  be  g lued  or bol ted  onto  the  surface  of a  
conventional  ci rcu i t  board .  

A.3  Polymer waveguides  

Polymer wavegu ides  wou ld  be  unsu i ted  to  convey certain  operational  wavelengths  (1  31 0  nm  
or 1  550  nm)  over l onger d istances  due  to  h igher i n trinsic  absorption  l osses,  though  th is  can  
be  m i tigated  i n  some polymer formu lations  [7 ] .  However,  they wou ld  be  su i table  for very short 
reach ,  versati l e,  low cost l i nks  such  as  i n ter-ch ip  connections  on  a  board .  They wou ld  a lso  be  
su i table  for appl ications  i n  wh ich  certa in  properties  of the  pol ymer such  as  thermo-optic,  
e lectro-optic or s tra in-optic coefficients  cou ld  be  used  to  support advanced  devices  such  as  
Mach-Zehnder swi tches  or l ong  range  plasmon ic  i n terconnects.  

A.4  Planar g lass  waveguides  

Planar g l ass  wavegu ide  technology cou ld  combine  some  of the  performance  benefi ts  of 
optical  fi bres,  such  as  l ower materia l  absorption  at  l onger operational  wavelengths  and  lower 
modal  d ispers ion  wi th  the  abi l i ty to  fabricate  dense  complex optical  ci rcu i t  l ayou ts  on  s ing le  
l ayers  and  in tegrate  these  i n to  PCB  stack-ups.  The  Fraunhofer I nsti tu te  of Rel iabi l i ty and  
M icroin tegration  (Fraunhofer I ZM) 2  i n  Germany are  producers  of p lanar g lass  wavegu ide  
based  optical  ci rcu i t boards.  

___________ 

1   F i gu res  i n  square  brackets  refer to  the  b ib l i og raphy.  

2  Th i s  i n formation  i s  g i ven  for the  conven ience  of users  of th i s  document and  does  not  consti tu te  an  endorsement  
by I EC.  
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A.5  Free space optics  

With  the  prol i feration  of expanded  optica l  beam  technolog ies ,  a  free  space optical  
i n terconnect represents  a  viable  emerg ing  solu tion  for in -system  in terconnect appl ications,  as  
the  i n ternal  m isa l ignment to lerances  i nherent  to  such  systems can  be  more  easi l y 
accommodated  by expanded  beam  technolog ies.  Target appl ications  include  server 
backplane  in terconnectivi ty.  Even  though  free  space optica l  systems do  not requ i re  a  physical  
ci rcu i t board  substrate,  i n  order to  be  purel y optical  wavegu ide  agnostic,  the  proposed  
measurement i denti fication  system  in  th is  document can  be  equal l y appl ied  to  free  space  
optical  channels.  

A.6  Target appl ications  

The  target appl ication  a lso  p lays  an  important role  as  th is  defines  the  trade-off space  
constrain ing  the  se lection  of wavegu ide  type.  For example  i n  data  centre  appl ications ,  cost 
wou ld  be  the  dom inan t  factor,  wh i le  i n  h i gh  performance  computers  or supercomputers ,  
emphasis  i s  p laced  on  performance  optim isation .  
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