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FIBRE OPTIC INTERCONNECTING   

DEVICES AND PASSIVE COMPONENTS –  
FIBRE OPTIC CIRCULATORS – GENERIC SPECIFICATION  

 
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  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  Standards,  Techn ical  Speci fi cations,  
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 Nati onal  Commi ttee  i n terested  
i n  the  subj ect  deal t  wi th  may parti ci pate  i n  th i s  preparatory work.  I n ternational ,  governmental  and  non -
governmental  organ izations  l i a i s i ng  wi th  the  I EC a l so  parti ci pate  i n  th i s  preparation .  I EC col l aborates  cl osel y 
wi th  the  I n ternational  Organ i zation  for Standard 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 onal  
consensus  of opi n ion  on  the  rel evant  sub jects  s i nce  each  techn ical  commi ttee  has  representati on  from  a l l  
i n terested  I EC National  Committees.   

3)  I EC Publ i cations  have  the  form  of recommendations  for i n ternational  use  and  are  accepted  by I EC 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  accu rate,  I EC  cannot  be  hel d  responsi ble  for the  way i n  wh ich  they are  used  or for any 
m i s i n terpretation  by any end  u ser.  

4)  I n  order to  promote  i n ternational  u n i form i ty,  I EC National  Comm i ttees  undertake  to  app ly I EC Pub l i cations  
transparentl y to  the  maximum  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  comm i ttees  and  I EC  Nati onal  Commi ttees  for any personal  i n j u ry,  property  damage  or 
other damage  of any nature  whatsoever,  whether d i rect  or i nd i rect,  or for costs  ( i ncl ud 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)  Atten tion  i s  d rawn  to  the  Normative  references  ci ted  i n  th i s  publ i cation .  Use  of the  referenced  publ i cations  i s  
i nd i spensable  for the  correct appl i cati on  of th i s  publ i cation .  

9)  Atten tion  i s  d rawn  to  the  poss 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  respons ibl e  for i denti fyi ng  any or a l l  such  paten t ri gh ts .  

I n ternational  Standard  I EC  62077  has  been  prepared  by subcommittee  86B:  F ibre  optic  
i n terconnecting  devices  and  pass ive  components ,  of I EC  techn ical  comm ittee  86 :  F ibre  optics.  

Th is  th i rd  ed i tion  cancels  and  replaces  the  second  ed i ti on  publ ished  in  201 0.  Th is  ed i ti on  
consti tu tes  a  techn ica l  revis ion .   

Th is  ed i tion  i ncludes  the  fol l owing  s ign i fican t techn ica l  changes  wi th  respect to  the  previous  
ed i tion :  

a)  harmon ization  of some terms  and  defin i ti ons  wi th  other generic speci fications,  

b)  deletion  of assessment l evel .  
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The  text of th is  s tandard  i s  based  on  the  fol lowing  documents:  

CDV Report  on  voti ng  

86B/3862/CDV 86B/391 8/RVC 

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

Th is  publ ication  has  been  drafted  i n  accordance wi th  the  I SO/IEC  D irecti ves,  Part 2 .  

The  committee  has  decided  that the  con ten ts  of th is  publ ication  wi l l  remain  unchanged  u nti 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  publ ication .  At  th is  date,  the  publ ication  wi l l  be   

•  reconfi rmed ,  

•  wi thdrawn ,  

•  rep laced  by a  revised  ed i tion ,  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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FIBRE OPTIC INTERCONNECTING   
DEVICES AND PASSIVE COMPONENTS –  

FIBRE OPTIC CIRCULATORS – GENERIC SPECIFICATION  
 
 
 

1  Scope 

This  I n ternational  Standard  appl ies  to  ci rcu lators  used  i n  the  fi e l d  of fibre  optics  bearing  a l l  of 
the  fol l owing  features:  

– they are  non-reciprocal  optica l  devices,  i n  wh ich  each  port  i s  e i ther an  opti ca l  fibre  or fibre  
optic connector;  

– they are  passive  devices  i n  accordance  wi th  the  categorization  and  defin i ti on  provided  i n  
I EC TS  62538;  

– they have  three  or more  ports  for d i rectional l y transm i tting  optica l  power.  

An  example  of optical  ci rcu lator technology i s  described  i n  Annex A.   

2  Normative references   

The fo l l owing  documents,  i n  whole  or i n  part,  are  normativel y referenced  i n  th is  document and  
are  i nd ispensable  for i ts  appl ication .  For dated  references,  on l y the  ed i ti on  ci ted  appl i es .  For 
undated  references,  the  l atest ed i ti on  of the  referenced  document ( i nclud ing  any 
amendments)  appl i es .  

I EC 60027  (a l l  parts) ,  Letter symbols to  be  used in  electrical technology 

I EC 60050-731 ,  International Electrotechnical Vocabulary – Chapter 731:  Optical fibre 
communication (avai l ab le  at h ttp: //www.electroped ia. org )  

I EC 6061 7,  Graphical symbols for diagrams (avai l able  at h ttp : //std . iec. ch /iec6061 7)  

I EC 60695-1 1 -5,  Fire hazard testing – Part 11 -5:  Test flames – Needle-flame test method – 
Apparatus,  confirmatory test arrangement and guidance  

IEC 60825 (a l l  parts) ,  Safety of laser products  

IEC 61 300  (a l l  parts) ,  Fibre optic interconnecting devices and passive components  

IEC TR 61 930,  Fibre optic graphical symbology 

ISO 1 29-1 ,  Technical drawings – Indication of dimensions and tolerances – Part 1 :  General 
principles  

ISO 286-1 ,  Geometrical product specifications (GPS)  – ISO code system for tolerances on  
linear sizes – Part 1 :  Basis of tolerances,  deviations and fits 

ISO  1 1 01 ,  Geometrical product specifications (GPS)  – Geometrical tolerancing – Tolerances 
of form,  orientation,  location  and run-out  

ISO  8601 ,  Data elements and interchange formats – Information interchange – 
Representation of dates and times 
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3 Terms and  defin i tions  

For the  purposes  of th is  document,  the  terms  and  defin i ti ons  g i ven  in  I EC 60050-731 and  the  
fol l owing  appl y.  

3. 1  Basic  terms  

3. 1 . 1   
port  
optical  fibre  or optical  fi bre  connector attached  to  a  pass ive  component for the  en try and /or 
exi t  of the  optical  power 

3. 1 .2   
transfer matrix 

n  ×  n  matrix of coefficien ts  where  n  i s  the  number of ports,  and  the  coefficien ts  represent the  

fractional  optical  power transferred  between  des ignated  ports  

Note  1  to  en try:  I n  general ,  the  transfer matri x T i s :   
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where  

t
i j
 i s  the  rati o  of the  opti cal  power P

i j
 transferred  ou t  of port  j  wi th  respect  to  i npu t  power  P

i
 i n to  port  i ,  that  i s :   
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3. 1 .3   
transfer coefficient  
element ti j  of the  transfer matrix  

3. 1 .4   
logari thmic transfer matrix 

n  ×  n  matrix  of l ogari thm ic transfer coefficients  of a i j  where  n  i s  the  number of ports  

Note  1  to  en try:  I n  general ,  the  l ogari thm ic transfer matri x A  i s :  
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 (3)  

where  a i j  i s  the  opti cal  power reduction ,  i n  decibel s ,  ou t  of port  j  wi th  u n i t  power i n to  port  i ,  that  i s :  

 i j1 0i j log1 0 ta −=  (4)  

where  ti j  i s  the  transfer matri x coeffi cien t.   

3. 1 .5   
conducting  port  pai r 
two ports  i  and  j  between  wh ich  ti j  i s  nom inal l y g reater than  zero  
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3. 1 .6   
isolated  port  pai r 
two ports  i  and  j  between  wh ich  ti j  i s  nom inal l y zero,  and  a i j  i s  nom inal l y i n fi n i te  

3.2  Component terms  

3.2. 1   
fibre  optic  ci rcu lator 
passive  componen t possess ing  three  or more  ports  wh ich  input  and  ou tpu t are  cycl ic   

Note  1  to  en try:  I n  the  case  of 3  ports  ci rcu lator wi th  port  1 ,  port  2  and  port  3 ,  supposing  opti ca l  power i s  
transm i tted  from  port  1  to  port  2 ,  opti cal  power from  port  2  i s  transm i tted  to  port  3 .  

3.2.2   
completely ci rcu lated  type  

type  of ci rcu lator where  a l l  ports  can  function  as  both  i npu t and  ou tput.   

Note  1  to  en try:  I n  the  case  of a  3  port  ci rcu lator wi th  port  1 ,  port  2  and  port  3 ,  where  opti cal  power i s  transm i tted  
from  port  1  to  port  2 ,  opti cal  power from  port  2  i s  a l so  transm i tted  to  port  3  and  opti cal  power from  port  3  i s  a l so  
transm i tted  to  port  1  (see  F igure  1 ) .  

 

Figure 1  – Completely ci rcu lated  type configuration  

3.2.3   
incompletely ci rcu lated  type  

type  of ci rcu lator where  a  port  i s  e i ther an  i npu t or an  ou tpu t   

Note  1  to  en try:  I n  the  case  of 3  ports  ci rcu lator wi th  port  1 ,  port  2  and  port  3 ,  supposing  opti ca l  power i s  
transm i tted  from  port  1  to  port  2 ,  opti ca l  power from  port  2  i s  transm i tted  to  port  3  and  opti cal  power from  port  3  i s  
not  transm i tted  to  port  1  (see  F igu re  2 ).  

 

Figure 2  – Incompletely circu lated  type configuration  

3.3  Performance  parameters  

3.3. 1   
insertion  loss  
element a i j  of the  logari thm ic transfer matrix  of an  i nput  port  i  and  ou tpu t port j  to  wh ich  optica l  

power i s  transm i tted  

Note  1  to  en try:  The  i nserti on  l oss  i s  the  reduction  i n  opti cal  power between  an  i npu t  and  ou tpu t  port  of a  pass ive  
component  (see  F i gure  3),  expressed  i n  decibel s  and  defi ned  as  fol l ows:   
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P
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where  

P
i n
 i s  the  opti cal  power l aunched  i n to  the  i npu t  port;  

P
j
 i s  the  opti cal  power recei ved  from  the  ou tpu t port  

 

Figure 3  – Insertion  loss  

3.3.2   
i solation  
element a j i  of the  logari thm ic transfer matrix  of an  ou tpu t port  j  and  i npu t port i  to  wh ich  optica l  

power i s  transm i tted  in  the  d i rection  opposi te  to  the  i nsertion  loss  

Note  1  to  en try:  The  i sol ation  i s  the  reduction  i n  opti cal  power between  an  i npu t  and  ou tpu t  port  of a  pass ive  
component,  expressed  i n  deci bel s  and  defi ned  as  fol l ows:   
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where  

P
i
 i s  the  opti cal  power recei ved  from  the  i npu t  port;  

P
j
 i s  the  opti cal  power l aunched  i n to  the  ou tpu t port  

 

Figure 4  – I solation  

3.3.3   
d i rectivi ty 
element a i k  of the  l ogari thm ic transfer matrix port i  and  port k,  wh ich  are  not port  pai r for 
i nsertion  l oss  (IL) ,  return  l oss  (RL)  or i solation  (Iso )   

Note  1  to  en try:  For example ,  the  transm iss ion  matri x for a  4-port  i ncompletel y ci rcu l ated  type  opti ca l  ci rcu lator,  
the  symbol  Dir i n d icates  d i recti vi ty as  i n  Equation  (7).  
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IEC  

  

Circu l ator  

i npu t  port  i  

outpu t port  j  

Supposi ng  opti cal  power i s   

transm i tted  from  port  i  to  port  j  

IEC  

  

Ci rcu l ator  

i npu t  port  i  

outpu t port  j  

Supposi ng  opti cal  power i s   

transm i tted  from  port  i  to  port  j  
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where   

Dir  i s  the  d i recti vi ty;  

IL  i s  the  i nserti on  l oss ;  

Iso  i s  the  i solation ;  

RL i s  the  retu rn  l oss .  

3.3.4   
operating  wavelength  

nom inal  wavelength ,  λ ,  at wh ich  a  passive  component i s  des igned  to  operate  wi th  the  
speci fied  performance  

3.3.5   
operating  wavelength  range  

speci fied  range  of wavelengths  from   λ i  m in  to   λ i  max  cl ose  to  a  nom inal  operating  wavelength  

λ i ,  wi th in  wh ich  a  passive  componen t i s  designed  to  operate  wi th  the  speci fi ed  performance  

3.3.6   
return  loss  
element a i i  i n  Equation  (8)  of the  l ogari thm ic transfer matrix  

Note  1  to  en try:  I t  i s  the  fraction  of the  i npu t  power that  i s  returned  from  the  i npu t  port  of a  passive  componen t  
and  defi ned  as :  

 







−=
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a  (8)  

where  

P
i
  i s  the  opti cal  power l aunched  i n to  the  i  port;  

P
refl

  i s  the  opti cal  power recei ved  back from  i  port   

4 Requirements  

4.1  Classi fication  

4. 1 . 1  General  

Fibre  optic ci rcu lators  shal l  be  class i fi ed  as  fol l ows:  

– type;   

– style;   

– variant;   

– normative  reference  extens ions.  

An  example  of a  typ ical  ci rcu lator class i fication  is  g iven  i n  Table  1 :  
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Table  1  – Example  of a  typical  ci rcu lator set classi fication  

Type:  – Three  port  ci rcu l ator 

– Completel y ci rcu l ated  type  

– Operati ng  wavelength  range:  O-band  

Style:  – Confi gu ration :  B  

– Connector type:  SC  

– F ibre  type:  I EC Category B  1 . 2  

Varian ts :  – Means  of mounti ng  

 

4.1 .2  Type  

Circu lators  are  main l y d ivided  i n to  types  accord ing  to  thei r configuration .  

•  Port  numbers ;  

•  C i rcu lated  type:  

– completel y ci rcu lated  type;  

– i ncompletel y ci rcu lated  type;  

•  Operational  princip les :  

– magneto-optic  Faraday effect;  

– magneto-optic  Cotton-Mouton  effect and  Kerr effect;  

•  Operating  waveleng th  range:  

– O-band ;  

– C-band ;  

– L-band ;  

– other wavelength  ci rcu lators.  

4.1 .3  Style  

Optical  ci rcu lators  may be  classi fi ed  i n to  styles  based  upon  fibre  type(s) ,  connector type(s) ,  
cable  type(s) ,  hous ing  shape  and  d imensions,  and  configuration .  

The  configuration  of the  ci rcu lator ports  i s  classi fi ed  as  fol lows  (See F igure  5) :   
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a)  Configuration  A – Device  contain ing  i n tegral  fi bre  opti c  pigtai ls  wi thout a  connector 

 

b)  Configuration  B  – Devi ce  contain ing  i n tegral  fi bre  opti c  pigtai ls ,  wi th  a  connector on  each  pig tai l  

 

c)  Configuration  C  – Device  contain ing  connectors  as  an  i n tegral  part of the  device  housing  

 

d)  Configuration  D  Example  – Device  contain ing  some combination  
of the  i n terfacing  features  of the  preced ing  configu rations  

Figure 5  – Optical  ci rcu lator style  configurations  

4. 1 .4  Variant  

The ci rcu lator variant i denti fies  those  common  features  wh ich  encompass  structural l y s im i l ar 
components.  Examples  of features  wh ich  define  a  varian t i nclude,  bu t are  not l im i ted  to,  the  
fol l owing :   

– pos i tion  and  orientation  of ports  on  housing ;  

– means  of mounting .  

4. 1 .5  Normative  reference  extensions  

Normative  reference extens ions  are  used  to  i den ti fy i n tegrated  i ndependent s tandards  
speci fications  or other reference documents  as  re levan t speci fications.  

Un less  otherwise  speci fi ed ,  add i ti onal  requ irements  of extens ions  are  mandatory.  Usage  is  
primari l y i n tended  to  merge  associated  components  to  form  hybrid  devices,  or i n tegrated  
functional  appl ication  requ irements  that are  dependen t on  techn ical  experti se  other than  fi bre  
optics.  

Some optica l  fi bre  ci rcu lator configurations  requ ire  specia l  q ual i fication  provis ions  wh ich  shal l  
not  be  imposed  un iversal l y.  Th is  accommodates  i nd ividual  component des ign  configurations,  
specia l i zed  fie ld  tool ing  or speci fic  appl ication  processes.  I n  th is  case,  the  requ irements  are  
necessary to  assure repeatable  performance or adequate  safety,  and  provide  add i ti onal  
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gu idance  for complete  product speci fication .  These  extens ions  are  mandatory whenever used  
to  prepare,  assemble  or i nsta l l  an  optica l  fi bre  ci rcu lator,  e i ther for fi el d  appl ication  usage  or 
preparation  of qual i fication  test  specimens.  The  re levant speci fication  shal l  clari fy a l l  
sti pu lations.  However,  design  and  s tyle  dependent extensions  shal l  not be  imposed  
un iversal l y.  

I n  the  event  of confl icti ng  requ i rements ,  precedence  shal l  be  g iven ,  i n  descend ing  order,  as  
fol l ows:  generic  over mandatory extension ,  over re levant,  over deta i l ,  over appl ication  speci fic  
extension .  

Examples  of requ irements  to  normative  extensions:  

– some commercia l  or residentia l  bu i ld ing  appl ications  may requ ire  d i rect reference  to  
speci fic safety codes  and  regu lations  or i ncorporate  other speci fic materia l  fl ammabi l i ty or 
toxici ty requ irements  for specia l i zed  l ocations ;  

– specia l i zed  fi e ld  tool ing  may requ i re  an  extens ion  to  implement speci fic ocu lar safety,  
e lectrica l  shock,  burn  hazard  avoidance requ irements,  or requ i re  isolation  procedures  to  
prevent  potentia l  i gn i tion  of combustib le  gases.  

4.2  Documentation  

4.2. 1  Symbols  

Graph ical  and  l etter symbols  shal l ,  whenever possible,  be  taken  from  the  I EC 60027  series,  

I EC 6061 7  and  I EC  TR 61 930.  

4.2.2  Specification  system  

4.2.2 .1  General  

This  generic speci fication  is  part of a  th ree- level  I EC  speci fication  system .  Subs id iary 
speci fications  shal l  cons ist of relevan t speci fications.  Th is  system  is  shown  in  Table  2 .  There  
are  no  sectional  speci fications  for ci rcu lators .  
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Table  2  – The  IEC  speci fication  structure  

Speci fication  l evel  Examples  of i n formation  to  be  i ncluded  Appl icable  to  

Basic 

– Assessment system  ru les  

– I nspection  ru l es  

– Opti cal  measurement  methods  

– Envi ronmental  test  methods  

– Sampl i ng  p l ans  

– I denti fi cati on  ru le  

– Marking  s tandards  

– Dimensiona l  s tandards  

– Term inology 

– Symbol  s tandards  

– Preferred  number seri es  

– S I  un i ts  

Two  or more  component  fam i l i es  or 
sub-fam i l i es  

Generic  

– Speci fi c  term inology 

– Speci fi c  symbols  

– Speci fi c  un i ts  

– Preferred  val ues  

– Marking  

– Selection  of tests  

– Capabi l i ty approval  procedu res  

Component fam i l y  

B lank deta i l  

– Qual i ty conformation  test  schedu le  

– I nspection  requ i rements  

– I n formation  common  to  a  number of types  

Groups  of types  and/or styles  having  a  
common  test  schedu l e  

Detai l  

– I nd ivi dual  val ues  

– Speci fi c  i n formation  

– Completed  qual i ty conformance  test  
schedu l es  

I nd ivi dual  component(s)  

 

4.2.2 .2  Blank detai l  specifications  

The b lank detai l  speci fication  l i s ts  a l l  of the  parameters  and  features  appl icable  to  a  fibre  
optic ci rcu lator,  i nclud ing  the  type,  operati ng  characteristics,  hous ing  configurations,  test  
methods,  and  performance  requ i rements .  The  b lank detai l  speci fication  i s  appl icable  to  any 
fibre  optic ci rcu lator des ign  and  qual i ty assessment requ i rement.  The  b lank detai l  
speci fication  con tains  the  preferred  format for stating  the  requ i red  i n formation  i n  the  detai l  
speci fication .  

B lank detai l  speci fications  are  not,  by themselves,  a  speci fication  level .  They are  associated  
wi th  the  generic  speci fication .  

Each  b lank detai l  speci fication  shal l  be  l im i ted  to  one  environmental  category.  

Each  b lank detai l  speci fication  shal l  contain :  

– the  m in imum  mandatory test schedu les  and  performance requ i remen ts,  

– the  preferred  format for s tating  the  requ i red  i n formation  in  the  deta i l  speci fi cation ,  

– i n  case  of hybrid  components,  i ncl ud ing  connectors,  add i ti on  of appropriate  en try fie l ds  to  
show the  reference normative  document,  document ti tl e  and  i ssue  date.  

4.2.2 .3  Detai l  specifications  

A speci fic  ci rcu lator i s  described  by a  correspond ing  detai l  speci fication ,  wh ich  i s  prepared  by 
fi l l i ng  i n  the  b lanks  of the  b lank detai l  speci fication .  Wi th in  the  constrain ts  imposed  by th is  
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generic speci fication ,  the  b lank detai l  speci fication  may be  fi l led  i n  by any national  committee  
of the  I EC,  thereby defin ing  a  particu lar ci rcu lator as  an  I EC standard .  

Deta i l  speci fications  shal l  speci fy the  fol l owing ,  as  appl icable:  

– type  (see  4. 1 . 2) ;   

– style  (see  4 . 1 . 3);  

– variant(s)  (see  4. 1 . 4) ;  

– part i den ti fication  number for each  varian t (see  4 . 6 . 2) ;  

– d rawings,  d imensions  requ i red  (see  4. 2 . 3) ;  

– test schedu les  (see  4 . 2. 5);  

– performance requ irements  (see  4 . 5) .   

4.2.3  Drawings  

4.2.3.1  General  

The  drawings  and  d imensions  g iven  i n  re levan t speci fications  shal l  not  restrict  themselves  to  
detai ls  of construction ,  nor shal l  they be  used  as  manufacturing  d rawings.   

4.2.3.2  Projection  system  

Either fi rst-ang le  or th i rd -ang le  proj ection  shal l  be  used  for the  d rawings  i n  documents  
covered  by th is  generic  speci fication .  Al l  d rawings  wi th in  a  document shal l  use  the  same 
proj ection  system  and  the  d rawings  shal l  s tate  wh ich  system  is  used .   

4.2.3.3  Dimensional  system  

Al l  d imensions  shal l  be  g i ven  in  accordance  wi th  I SO  1 29-1 ,  I SO 286-1  and  I SO  1 1 01 .  

The  metric system  shal l  be  used  i n  a l l  speci fications.  

D imensions  shal l  not con tain  more  than  fi ve  s ign i fi can t d i g i ts.  

Convers ion  between  systems of un i ts  shal l  be  done  correctl y.  When  un i ts  are  converted ,  a  
note  shal l  be  added  i n  each  re levant speci fication .  Convers ion  between  metric and  imperial  
un i ts  shal l  use  a  factor of 25, 4  mm  to  1  i nch .  

4.2.4  Tests  and  measurements  

4.2.4.1  Test and  measurement  procedures  

The  test and  measurement procedures  for optical ,  mechan ica l ,  cl imatic,  and  envi ronmental  
characteristics  of ci rcu lators  to  be  used  shal l  be  defined  and  selected  preferabl y from  the  
IEC 61 300  series.  

The  s i ze  measurement method  to  be  used  shal l  be  speci fi ed  i n  the  re levant  speci fication  for 
d imensions  wh ich  are  speci fied  wi th in  a  tota l  to lerance  zone  of 0 , 01  mm  or l ess .   

4.2.4.2  Reference  components  

Reference components ,  i f requ ired ,  shal l  be  speci fied  i n  the  re levant speci fication .  

4.2.4.3  Gauges  

Gauges,  i f requ i red ,  sha l l  be  speci fi ed  i n  the  re levan t speci fication .   
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4.2.5  Test reports  

Test reports  shal l  be  prepared  for each  test conducted  as  requ ired  by a  re levant speci fication .  
The  reports  shal l  be  included  i n  the  qual i fication  report and  in  the  period ic i nspection  report.   

Reports  shal l  contain  the  fo l l owing  i n formation :  

– ti tle  of test  and  date;  

– specimen  description  i nclud ing  the  type  of fibre,  connector or other coupl i ng  device.  The  
description  shal l  a lso  i nclude  the  variant  i denti fication  number (see  4 . 6. 2);   

– test equ ipment used  and  date  of latest ca l ibration ;  

– a l l  appl icable  test deta i l s ;  

– a l l  measurement values  and  observations;   

– su fficientl y deta i led  documentation  to  provide  traceable  i n formation  for fa i l u re  anal ys is.   

4.2.6  Instructions  for use  

I nstructions  for use,  when  requ ired ,  shal l  be  g iven  by the  manufacturer and  shal l  i ncl ude:  

– assembly and  connection  i nstructions;   

– cl ean ing  method ;   

– safety aspects;   

– add i ti onal  i n formation ,  as  necessary.   

4.3  Standardization  system  

4.3. 1  In terface  standards  

I n terface  standards  provide  both  manufacturer and  user wi th  a l l  the  i n formation  requ i red  to  
make  or use  the  product i n  conform i ty wi th  the  phys ical  featu res  of that standard  i n terface.  
I n terface  s tandards  fu l l y define  the  features  essentia l  for the  mating  and  unmating  of optical  
fibre  connectors  and  other components .  They a lso  serve  to  posi ti on  the  optical  datum  target,  
where  defined ,  relative  to  other reference datum .   

I n terface  standards  ensure  that connectors  and  adapters  that comply wi th  the  s tandard  wi l l  fi t  
together.  The  s tandards  may a lso  contain  to lerance grades  for ferru les  and  a l i gnment devices.  
Tolerance grades  are  used  to  provide  d i fferen t l evels  of a l i gnment precis ion .   

The  i n terface  d imensions  may a lso  be  used  to  design  other components  that wi l l  mate  wi th  
the  connectors.  For example,  an  acti ve  device  mount  can  be  designed  using  the  adapter 
i n terface  d imensions.  The  use  of these  d imensions  combined  wi th  those  of a  standard  p lug  
provides  the  des igner wi th  assurance  that the  standard  p lugs  wi l l  fi t  i n to  the  optical  device  
mount.  They a lso  provide  the  location  of the  p lug 's  optica l  datum  target.   

Standard  i n terface  d imensions  do  not,  by themselves,  guarantee  optical  performance.  They 
guaran tee  connector mating  at  a  speci fied  fi t.  Optical  performance  i s  cu rrentl y guaran teed  via  
the  manufacturing  speci fication .  Products  from  the  same  or d i fferen t manufacturing  
speci fications  us ing  the  same standard  in terface  wi l l  a lways  fi t  together.  Guaranteed  
performance can  be  g iven  by any s i ng le  manufacturer on l y for product del i vered  to  the  same  
manufacturing  speci fication .  However,  i t  can  be  reasonabl y expected  that some l evel  of 
performance  wi l l  be  obtained  by mating  a  product from  d i fferent manufacturing  speci fications,  
a l though  the  l evel  of performance cannot be  expected  to  be  any better than  that of the  l owest 
speci fied  performance.   
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4.3.2  Performance  standards  

Performance  standards  con tain  a  series  of tests  and  measurements  (wh ich  may or may not be  
grouped  i n to  a  speci fied  schedu le  depend ing  on  the  requ i rements  of that standard)  wi th  
clearl y defi ned  cond i ti ons,  severi ties,  and  pass/fai l  cri teria.  The  tests  are  i n tended  to  be  run  
on  a  “one-off”  basis  to  prove  the  abi l i ty of a  g i ven  product to  satisfy the  “performance  
standards”  requ i rement.  Each  performance  standard  has  a  d i fferen t  set  of tests  and/or 
severi ties  (and /or groupings)  that represents  the  requ irements  of a  market sector,  user group  
or system  location .  

A product that  has  been  shown  to  meet a l l  the  requ irements  of a  performance  standard  can  
be  declared  as  complying  wi th  a  performance standard  bu t shou ld  then  be  control led  by a  
qual i ty assurance/qual i ty conformance  programme.   

I t  i s  poss ib le  to  defi ne  a  key poin t  of the  test and  measurements  standards  when  these  are  
appl ied  (particu larl y wi th  regard  to  i nsertion  l oss  and  return  l oss)  i n  con j unction  wi th  the  
i n terface  standards  of i n ter-product compatib i l i ty.  Th is  ensures  conformance of each  
i nd ividual  product to  th is  standard .  

4.3.3  Rel iabi l i ty standards  

Rel iabi l i ty s tandards  are  i n tended  to  ensure  that a  component can  meet performance  
speci fications  under stated  cond i ti ons  for a  stated  time period .   

For each  type  of component,  the  fo l l owing  shal l  be  i den ti fied  (and  appear i n  the  standard ):  

•  fa i l u re  modes  (observable  general  mechan ical  or optica l  effects  of fa i lu re) ;  

•  fa i l u re  mechan isms  (general  causes  of fa i lu re,  wh ich  may be  common  to  several  
components) ;  

•  fa i l u re  effects  (detai l ed  causes  of fa i l u re,  speci fic  to  component) .  

These  are  a l l  re lated  to  environmental  and  materia l  aspects.  

I n i ti a l l y,  j ust after componen t manufacture,  there  i s  an  “ i n fant mortal i ty phase”  during  wh ich  
many components  wou ld  fa i l  i f they were  deployed  i n  the  fie ld .  To  avoid  earl y fie ld  fa i lu re,  a l l  
components  may be  subjected  to  screen  process  in  the  factory,  i nvolving  environmenta l  
stresses  that may be  mechan ica l ,  thermal  and  hum id i ty-re lated .  Th is  i s  to  i nduce  known  
fai l u re  mechan isms i n  a  control led  envi ronmenta l  s i tuation  to  occur earl i er than  wou ld  
normal l y be  seen  in  the  unscreened  popu lation .  For those  componen ts  that  survive  (and  are  
then  sold ) ,  there  i s  a  reduced  fa i l u re  rate  s ince  these  mechan isms have  been  e l im inated .   

Screen ing  is  an  optional  part  of the  manufacturing  process,  rather than  a  test method .  I t  wi l l  
not affect the  “usefu l  l i fe”  of a  component,  defi ned  as  the  period  during  wh ich  i t  performs 
accord ing  to  speci fications.  Eventual l y other fa i l u re  mechan isms appear,  and  the  fa i l u re  rate  
i ncreases  beyond  some defined  threshold .  At th is  poin t,  the  usefu l  l i fe  ends  and  the  “wear-ou t  
reg ion”  beg ins,  and  the  component must be  replaced .  

At  the  beg inn ing  of usefu l  l i fe,  performance testi ng  on  a  sampled  popu lation  of components  
may be  appl ied  by the  suppl ier,  by the  manufacturer,  or by a  th i rd  party.  Th is  i s  to  ensure  that  
the  component meets  performance  speci fications  over the  range  of i n tended  envi ronments  at  
th is  i n i tia l  time.  Rel iabi l i ty testing ,  on  the  other hand ,  i s  appl ied  to  ensure  that the  component 
meets  performance  speci fications  for at  l east a  speci fied  m in imum  usefu l  l i fetime or speci fi ed  
maximum  fai l ure  rate.  These  tests  are  usual l y carried  ou t  by u ti l i s i ng  the  performance  testing ,  
bu t i ncreas ing  duration  and  severi ty to  accelerate  the  fai l u re  mechan isms.  

A re l iabi l i ty theory re lates  component re l i abi l i ty testi ng  to  component parameters  and  to  
l i fetime or fa i l u re  rate  under testi ng .  The  theory then  extrapolates  these  to  l i fetime or fa i lu re  
rate  under l ess  stressfu l  service  cond i ti ons.  The  re l iabi l i ty speci fications  i nclude  va lues  of the  
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component parameters  needed  to  ensure  the  speci fi ed  m in imum  l i fetime  or maximum  fai l ure  
rate  i n  service.  

4.3.4  In terl inking  

Standards  currentl y under preparation  are  g i ven  in  F igure  6 .  A l arge  number of the  test  and  
measurement s tandards  exist a l ready and  qual i ty assurance qual i fication  approval  standards  
have  existed  for many years .  W i th  regard  to  i n terface,  performance and  re l iabi l i ty standards,  
once  these  three  standards  are  a l l  i n  p lace,  the  matrix g i ven  i n  Table  6  demonstrates  some of 
the  other options  avai l ab le  for product  standard ization .   

Product A is  fu l l y I EC  standard ized ,  having  a  s tandard  i n terface  and  meeting  defined  
performance standards  and  rel i ab i l i ty standards.  

Product B  is  a  product  wi th  a  proprietary i n terface  bu t wh ich  meets  a  defined  I EC  performance  
standard  and  re l i abi l i ty s tandard .  

Product C  i s  a  product wh ich  compl ies  wi th  an  I EC standard  in terface  bu t  does  not meet the  
requ i rements  of e i ther an  I EC  performance  standard  or re l i ab i l i ty standard .  

Product D  i s  a  product wh ich  compl ies  wi th  both  an  I EC  standard  i n terface  and  performance  
standard  bu t does  not meet any re l iabi l i ty requ irements.  

Obvious l y the  matrix  i s  more  complex than  shown  s ince  there  wi l l  be  a  number of i n terface,  
performance and  re l iab i l i ty s tandards  wh ich  may cross-refer.  I n  add i tion ,  the  products  may a l l  
be  subj ect to  a  recogn ized  qual i ty assurance  programme i nclud ing  qual i fication  approval ,  
capabi l i ty approval ,  technology approval  or even  a  national  or company qual i ty assurance 
system .  

  

Figure 6  – Standards  currently under preparation  

  

IEC  

I EC speci fi cation  
s tructu re:  

 

Generi c  
speci fi cation  

  

Sectional  
speci fi cation  

  

Detai l  
speci fi cation  

See  

I EC 61 300  
series  

I EC 60068  

series  

Test and  
measurement  

I n terface  Performance  Rel i abi l i ty  

See  

I EC 61 754  
series  

See  

I EC 61 753  
series  

See  

I EC 62005  
series  
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Table  3  – Standards  in terl ink matrix 

Product type  I n terface  
standard  

Performance  
standard  

Rel iabi l i ty 
standard   

Product A YES  YES  YES 

Product B  NO  YES  YES  

Product  C  YES  NO  NO  

Product  D  YES  YES  NO  

 

4.4  Design  and  construction  

4.4. 1  Materials  

4.4. 1 . 1  Corrosion  resistance  

Al l  materia ls  used  in  the  construction  of ci rcu lator sets  shal l  be  corros ion  res istan t or su i tabl y 
fin ished  to  meet the  requ i rements  of the  relevant  speci fication .  

4.4. 1 .2  Non-flammable  materials  

When  non-fl ammable  materia ls  are  requ i red ,  the  requ i rements  shal l  be  speci fied  i n  the  
re levant speci fication  and  I EC  60695-1 1 -5  shal l  be  referenced .  

4.4.2  Workmanship  

Components  and  associated  hardware  shal l  be  manufactured  to  a  un i form  qual i ty and  shal l  be  
free  of sharp  edges,  burrs  or other defects  that wi l l  affect l i fe,  serviceabi l i ty,  or appearance.  
Particu lar atten tion  shal l  be  g iven  to  neatness  and  thoroughness  of marking ,  p lating ,  soldering ,  
bond ing ,  etc.   

4.5  Performance   

Circu lators  shal l  meet the  performance requ irements  speci fi ed  i n  the  re levant speci fication .   

4.6  Identi fication  and  marking  

4.6. 1  General  

Componen ts,  associated  hardware  and  packages  shal l  be  permanentl y and  leg ibl y i den ti fied  
and  marked  when  requ i red  by the  re levant speci fication .   

4.6.2  Variant identi fication  number 

Each  varian t i n  a  re levant speci fication  shal l  be  assigned  a  variant  i denti fi cation  number.  The  
number shal l  cons ist  of the  number ass igned  to  the  re levant  speci fication  fol l owed  by a  dash  
and  a  four d ig i t  number.  The  fi rst  d ig i t  of the  four-d ig i t  number shal l  be  sequentia l l y ass igned  
to  each  component type  covered  by the  re levant speci fication .  The  l ast  three  d ig i ts  shal l  be  
sequentia l l y ass igned  to  each  variant of the  component  (see  F igure  7) .  
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Figure 7  – Example of a  variant  identi fication  number 

4.6.3  Component marking  

Componen t marking ,  i f requ ired ,  shal l  be  speci fi ed  i n  the  re levant speci fication .  The  preferred  
order of marking  is  as  fo l l ows:  

a)  port i den ti fication ;   

b)  manufacturer's  part number;   

c)  manufacturer's  identi fication  mark or l ogo;   

d )  manufacturing  date;   

e)  variant identi fication  number;   

f)  any add i ti onal  marking  requ i red  by the  re levan t speci fication .   

I f space  does  not  a l l ow for a l l  the  requ ired  marking  on  the  components ,  each  un i t  shal l  be  
i nd ividual l y packaged  wi th  a  data  sheet  con ta in ing  a l l  of the  requ i red  i n formation  wh ich  is  not 
marked .  

4.6.4  Package marking  

Package marking ,  i f requ i red ,  shal l  be  speci fi ed  i n  the  re levant  speci fication .  The  preferred  
order of marking  is  as  fo l l ows:  

a)  manufacturer's  i denti fication  mark or logo;   

b)  manufacturer's  part number;   

c)  manufacturing  date  code  (year/week;  see  I SO  8601 );   

d )  varian t identi fication  number(s)  (see  4. 6. 2) ;   

e)  type  designations  (see  4 . 1 . 2);   

f)  any add i tional  marking  requ i red  by the  re levan t speci fication .   

When  appl icable,  i nd ividual  un i t  packages  (wi th in  the  sealed  package)  shal l  be  marked  wi th  
the  reference number of the  certi fi ed  record  of re leased  lots,  the  manufacturer's  factory 
i denti ty code  and  the  component i den ti fication .   

4.7  Packaging  

Packages  shal l  i ncl ude  i nstructions  for use  when  requ i red  by the  speci fication  (see  4 . 2. 6).  

4.8  Storage conditions  

Where short-term  degradable  materia ls ,  such  as  adhesives,  are  suppl ied  wi th  the  package  of 
ci rcu lator parts ,  the  manufacturer shal l  mark these  wi th  the  expi ry date  (year and  week 
numbers,  see  I SO  8601 )  together wi th  any requ i rements  or precau tions  concern ing  safety 
hazards  or environmental  cond i tions  for storage.  

EXAMPLE  

Relevant  speci fi cation  number 

Component  type  

Vari an t  

IEC 

I EC 61 753-091 -2-1  001   
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4.9  Safety 

Optica l  ci rcu lators,  when  used  on  an  optical  fi bre  transm ission  system  and /or equ ipment,  may 
em i t poten tia l l y hazardous  rad iation  from  an  uncapped  or unterm inated  ou tpu t port or fi bre  
end .  

The  optica l  ci rcu lator manufacturers  shal l  make avai lable  sufficien t i n formation  to  a lert system  
des igners  and  users  abou t the  potential  hazard  and  shal l  i nd icate  the  requ ired  precau tions  
and  working  practices.  

I n  add i ti on ,  each  relevan t speci fication  shal l  i nclude  the  fol l owing :  

WARNING  NOTE  

Care  shou ld  be  taken  when  handl ing  smal l  d iameter fibre  to  prevent punctu ring  the  skin ,  especial l y i n  the  
eye  area.  Di rect viewing  of the  end  of an  optical  fibre  or an  optical  fibre  connector when  i t  i s  propagating  
energy i s  not recommended,  un less  prior assurance  has  been  obtained  as  to  the  safety energy ou tpu t l evel .  

Reference shal l  be  made  to  the  I EC  60825  series ,  the  relevant standard  on  safety.  
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Annex A 
(informative)  

 
Example  of technology of bu lk circulator based  on  magneto-optic effect 

The bu lk  ci rcu lator based  on  magneto-optic  effect consists  of the  fo l l owing  typical  d iscrete  
components .  

F igure  A. 1  shows an  example  of a  ci rcu lator based  on  magneto-optic effect.  The  ci rcu lator 
cons ists  of a  Faraday rotator,  a  polari zer (b i refri ngent crystal )  and  a  hal f-wave  p late.  The  
i nciden t l i gh t from  port 1  i s  separated  to  two cross-polari zations  by the  b i refri ngent crysta l  1 .  
Two  cross-polari zations  are  paral l e led  by the  hal f-wave  p late  and  Faraday rotator.  Two  
polari zations  are  combined  by the  b i refringen t crystal  2 ,  exi t from  port  2 .  I n  the  reverse  
d i rection ,  the  i nciden t l i gh t from  port  2  i s  separated  i n to  two cross-polari zations  by the  
b i refringen t crysta l  2 .  Two  cross-polari zations  are  para l l eled  by the  ha l f-wave  p late  and  
Faraday rotator where  the  polari zation  d i rection  crosses  between  the  forward  d i rection  and  
reverse  d i rection .  Two polarizations  are  sh i fted  by the  m idd le  b i refringen t crystal ,  due  to  the  
d i rection  of polarization .  As  a  resu l t,  two polari zations  are  combined  by the  b i refringen t crystal  
1 ,  exi t  from  port 3.  

NOTE  The  function  of the  pol ari zer (bi refri ngen t crystal )  i s  to  separate  the  i npu t  l i gh t  i n to  d i fferent  d i recti ons  d ue  
to  a  d i fferent  refracti ve  i ndex of the  b i refri ngent  crystal  for ord inary and  extraord inary rays .  

 

 

NOTE  Polari zation  p l ane  depends  on  the  d i recti on  of propagati ng  l i gh t  

sol i d  l i ne:   from  port  1  to  port  2  

broken  l i ne:   from  port  2  to  port  3  

Figure A. 1  – Example of a  ci rcu lator 
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Annex B  
(informative)  

 
Example  of appl ication  of a  ci rculator 

Figure  B. 1  shows  the  fi l ter i n  wh ich  a  ci rcu lator i s  used .  The  fi l ter cons ists  of a  ci rcu lator and  
a  fibre  Bragg  grating  (FBG).  The  fi bre  Bragg  grati ng  (FBG)  reflects  particu lar wavelengths  of 
l i gh t and  transm i ts  other wavelengths.  A ci rcu lator i s  used  i n  order to  p ick up  particu lar 
reflected  wavelengths .  

 

Figure B. 1  – Example  of appl ication  of a  circu lator 
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