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INTERNATIONAL ELECTROTECHNICAL COMMISSION  

____________ 

 
F IBRE OPTIC INTERCONNECTING  DEVICES  

AND PASSIVE COMPONENTS – 
 

Part 01 :  Fibre  optic connector cleaning  methods  
 

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  S tandards,  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 cipate  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  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 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 b le  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  Commi ttees  undertake  to  app ly I EC Pub l i cations  
transparentl y to  the  maximum  extent  poss ible  i n  the i r national  and  reg i onal  publ i cati ons.  Any d i vergence  
between  any I EC Pub l i cation  and  the  correspond i ng  national  or reg i onal  publ i cati on  shal l  be  cl earl y i n d icated  i n  
the  l atter.  

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

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

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

8)  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  responsibl e  for i denti fyi ng  any or a l l  such  paten t  ri gh ts .  

The  main  task of I EC  techn ica l  committees  is  to  prepare  I n ternational  Standards.  However,  a  
techn ical  committee  may propose  the  publ ication  of a  techn ica l  report  when  i t  has  col l ected  
data  of a  d i fferent ki nd  from  that wh ich  i s  normal l y publ ished  as  an  I n ternational  Standard ,  for 
example  "state  of the  art" .  

I EC TR 62627-01 ,  wh ich  i s  a  Techn ica l  Report,  has  been  prepared  by subcommittee  86B:  
F ibre  optic i n terconnecting  devices  and  pass ive  components ,  of I EC techn ica l  committee  86:  
F ibre  optics.  

Th is  second  ed i ti on  cancels  and  replaces  the  fi rst ed i tion  publ ished  i n  201 0.  Th is  ed i tion  
consti tu tes  a  techn ica l  revis ion .   
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Th is  ed i tion  includes  the  fol l owing  s i gn i fican t techn ica l  changes  wi th  respect to  the  previous  
ed i tion :  

a)  restructure  of cl auses ;  

b)  add i ti on  of some terms  and  defin i tions;  

c)  add i ti on  of in formation  on  clean ing  tools  and  mach ines ;  

d )  add i ti on  of i n formation  on  dust caps;  

e)  add i tion  of appl icable  clean ing  tools  and  mach ines  for optical  connectors .  

The  text of th is  Techn ica l  Report i s  based  on  the  fo l l owing  documents:  

Enqu i ry d raft  Report  on  voti ng  

86B/3926/DTR 86B/3943A/RVC 

 

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

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

A l i st  of a l l  parts  i n  the  I EC 62627  series,  publ ished  under the  general  ti t le  Fibre optic 
interconnecting devices and passive components ,  can  be  found  on  the  I EC  websi te .  

The  committee  has  decided  that the  con ten ts  of th is  publ ication  wi l l  remain  unchanged  unti l  
the  stabi l i ty date  ind 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 ,  

•  replaced  by a  revised  ed i ti on ,  or 

•  amended .  

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

 

IMPORTANT – The  'colour inside'  logo  on  the cover page  of th is  publ ication  ind icates  
that i t  contains  colours  wh ich  are  considered  to  be  usefu l  for the  correct  
understand ing  of i ts  contents.  Users  shou ld  therefore print  th is  document using  a  
colour printer.  
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FIBRE OPTIC INTERCONNECTING  DEVICES  
AND PASSIVE COMPONENTS – 

 

Part 01 :  Fibre optic connector cleaning  methods  
 
 
 

1  Scope 

This  part of I EC  62627,  wh ich  i s  a  Techn ical  Report,  detai ls  cl ean ing  methods  for fibre  optic  
connectors.  I t  i ncl udes  typical  clean ing  tools  and  mach ines,  and  clean ing  procedures.  Other 
clean ing  methods  may exist.  The  impact of contam ination  and  the  reasons  for connector 
visual  i nspection  and  clean ing  are  described  i n  Annex B .  Th is  Techn ica l  Report does  not 
address  the  vi sual  i nspection  cri teria,  wh ich  are  covered  i n  I EC  61 300-3-35:  201 5.  

Optical  fi bre  patch  cords  are  hand led  by the  operators  and  main tenance staff of optical  
network systems.  Th is  Techn ical  Report may be  used  as  a  gu idel ine  to  prepare  instruction  
manuals  for those  i nvolved  in  optical  system  main tenance  and  operation .  

Th is  Techn ical  Report covers  fibre  optic connector p lugs,  optica l  adaptors,  optical  receptacles  
(exclud ing  optical  transceivers)  and  dust caps.  Gu idel i nes  for optica l  connector end-face  
clean ing  methods  for receptacle  style  optical  transceivers  are  covered  i n  I EC  TR 62572-4.  

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 ies .  For 
undated  references,  the  l atest ed i ti on  of the  referenced  document ( i nclud ing  any 
amendments)  appl i es .  

There  are  no  normative  references  i n  th is  document.  

3 Terms and  defin i tions  

For the  purposes  of th is  document,  the  fo l l owing  terms  and  defin i ti ons  apply.   

3.1  Cleaners   

3. 1 . 1   
adhesive  backed  stick type cleaner 
clean ing  tool  for opti cal  connector end-faces,  receptacles  and  optica l  connector adaptors  
us ing  a  soft  adhesive  backing  at the  end  of a  s tick 

3.1 .2   
ai r duster 
canned  ai r 
cl ean ing  tool  where  compressed  a i r i s  b lown  from  a  nozzle  of a  can  

3.1 .3   
gas  and  vacuum type cleaning  mach ine  
optica l  connector end-face  clean ing  mach ine  i n  wh ich  volati l e  l i qu id  solven t (gas)  i s  i n j ected  
and  extracted  from  a  nozzle  
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3. 1 .4   
pen  type  cleaner 
probe  type  cleaner 
clean ing  tool  for opti cal  connector end -faces,  receptacles  and  optical  connector adaptors  
where  a  tape  clean ing  cloth  at the  top  of the  tool  moves  and  cleans  

3. 1 .5   
reel  type cleaner 
cassette  type  cleaner 
optical  connector pl ug  end -face  clean ing  tool ,  i n  wh ich  a  cl ean ing  cloth  ro l l  i s  packed  i n  a  
cassette  box,  wi th  a  smal l  window for cl ean ing  

3. 1 .6   
stick type cleaner 
swab type  cleaner 
optical  connector receptacle  and  optica l  connector adaptor end -face  clean ing  tool  i n  wh ich  a  
cl ean ing  cloth  i s  attached  to  the  top  of a  stick  

3.2  Optical  connector parts  

3.2. 1   
bu lkhead  adaptor 

component  i n  wh ich  two or more  plugs  may be  mated  

Note  1  to  en try:  A bu lkhead  adaptor has  one  or more  a l i gnment  s l eeves  i n  wh ich  two  or more  ferru les  are  a l i gned .   

3.2.2   
dust  cap  
cover or cap  wh ich  i s  attached  to  an  optica l  connector p lug ,  an  optical  connector adaptor or  
an  optical  receptacle  when  the  optical  connector i s  not  connected  to  protect i t  from  
con tam ination  

3.2.3   
exposed  plug  end-face  
EPE  
fibre  optic p l ug  wi thout any fixed  optical  end -face  protection ,  that may be  he ld  i n  the  hand  

EXAMPLE  End of a  patch cord.  

Note  1  to  en try:  The  ferru le  i s  exposed  to  the  a i r and  i s  not  confi ned  wi th i n  an  a l i gnment  s l eeve  of a  bu lkhead  
adaptor or d evice  port.  The  end -face  of the  pl ug  i s  easy to  access  and  may be  brought  i n to  con tact  wi th  cl ean ing  
material .  

3.2.4   
port  
open  fi bre  optic al i gnment s leeve  wh ich  contains  a  fi bre  optic p lug  end-face  to  wh ich  a  fibre  
optic p lug  may be  mated  

Note  1  to  en try:  I n  the  case  of a  bu lkhead  adaptor,  i t  i s  the  open  s i de  of the  adaptor after a  fi bre  opti c  p l ug  has  
been  i nserted  i n to  one  s i de.  I n  the  case  of an  opti cal  device,  i t  i s  the  open i ng  i n to  wh ich  a  user of the  device  wi l l  
p l ug  a  patch  cord .  The  mati ng  s i de  of a  port  can  on l y be  accessed  th rough  the  a l i gnment s l eeve.  Therefore  the  
cl ean i ng  materi a l  shal l  be  brough t to  the  end -face  th rough  the  a l i gnment s l eeve.  

3.2.5   
power blocking  shuttered  adaptor 
optical  adaptor that has  a  shu tter to  b lock optical  power em i tted  from  an  optical  connector 
p lug  

Note  1  to  en try:  An  opti cal  adaptor wi th  shu tter shou ld  have  a  structure  that,  when  two  opti cal  connector p l ugs  are  
i n terfaced  and  the  opti cal  connector p l ug  i s  removed  at  the  shu ttered  s i de,  the  shu tter au tomatical l y moves  to  b l ock 
em i tted  opti cal  power.  There  are  two types  of opti cal  adaptors  wi th  shu tter that  have  a l ready been  commercial i zed :  
one  focuses  on  b locking  the  opti cal  power and  the  other focuses  on  d ust-proofness.  General l y,  power b l ocking  
shu ttered  adaptors  that  focus  on  b locking  power often  have  a  metal  shu tter wi th i n  the  opti cal  adaptor.   
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4 Appl ication  of optical  connectors  

4.1  General  

Optical  connectors  cons ist of several  parts:  connector p lugs,  receptacles,  adaptors,  dust caps ,  
etc.  

Optical  communication  network equ ipment general l y has  optical  adaptors  on  the  fron t panel  or 
the  back-plane  to  i n terface  wi th  other equ ipment or transm ission  l i nes.  An  optica l  patch  cord ,  
wh ich  has  optical  connector p lugs  on  both  ends  of an  optical  fi bre  cord ,  i s  general l y used  for 
optical  connection  between  equ ipment.   

4.2  Influence of contamination  of optical  connector end-faces  

Optica l  network equ ipment i s  l ocated  i n  the  centra l  offices,  data  centres,  computer rooms,  etc.  
The  envi ronment of these  locations  i s  not  necessari l y cl ean ,  and  i t  i s  possible  that dust  or 
condensation  is  i n troduced  onto  the  optical  connector end-faces  wh ich  may affect the ir optical  
performances  (see  Annex B) .  

5 Care in  handl ing  optical  connectors  

5.1  General  

Clause  5  describes  general  care  i n  hand l i ng  optical  connectors.   

5.2  Storage of optical  connectors  

Unused  ports  on  optical  network equ ipment,  and  unused  optica l  connector pl ugs  on  optical  
patch  cords  shou ld  be  covered  or capped  by clean  dust caps.  A dust cap  shou ld  not enter i n to  
con tact  wi th  a  fibre  end-face  when  fi tted .  Optica l  patch  cords  are  recommended  to  be  stored  
in  clean  boxes  or bags.  Used  dust caps  shou ld  be  cleaned  before  s torage.  Dust caps  shou ld  
be  stored  i n  cl ean  boxes  or bags.  I t  i s  recommended  that storage  boxes  or bags  are  ESD  
(e lectric static d ischarged)  processed .   

5.3  Connection  of optical  connector plugs  to  ports  on  optical  network equ ipment 

For safety reasons,  before  connection ,  optical  power shou ld  be  off.  Dust  caps  shou ld  be  
removed  j ust before  the  optical  connection  i s  made.  Before  the  optical  connection ,  both  the  
optical  connector end-faces  to  be  mated  shou ld  be  i nspected ,  and  cleaned  i f necessary 
un less  otherwise  recommended  by the  manufacturer.  Annex C  shows an  example  of optical  
connector end-face  visual  i nspection  equ ipment.  The  appl icable  clean ing  tools  and  mach ines  
shou ld  be  appropriate  for optical  connector p l ugs  and  optica l  adaptors.  

After i nspection  of optical  connector end -faces,  the  clean  optica l  connector p l ugs  shou ld  be  
i nserted  i n  ports  and  mated  securel y.  

5.4  Disconnection  of optical  connector plugs  to  ports  

Before  d isconnection ,  optica l  power shou ld  be  off.  

Immed iate l y after the  d isconnection ,  clean  dust  caps  shou ld  be  fi tted  to  optical  connector 
p lugs  and  ports.  

6 Dust caps  

Many shapes  and  materia ls  of dust caps  are  avai lable  i n  the  market.  Appropriate  dust caps  
shou ld  be  fi tted .  For optical  connector p l ugs,  there  are  typica l l y two  types  of dust  caps :  
covering  the  top  of the  ferru le,  or covering  part  of the  p l ug  hous ing .  Dust caps  shou ld  have  a  
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structu re  so  that  the ir inner surfaces  do  not  come  i n to  contact  wi th  the  ferru le  end -face  when  
dust  caps  are  fi tted .  Dust caps  are  recommended  to  be  processed  to  prevent  the  creation  of a  
static e lectric charge.  I t  i s  recommended  that dust caps  shou ld  be  cleaned  us ing  an  a i r d uster.  

7 Cleaning  tools  and  machines  

7. 1  General  

Clause  7  describes  clean ing  tools  mach ines  for optical  connectors .   

Optical  connector clean ing  tools  or mach ines  shou ld  be  used .  

Optical  connector p l ugs  are  eas ier to  cl ean  than  optica l  receptacles  or optica l  adaptors .  A 
typical  clean ing  method  for optica l  connector p l ugs  i s  to  wipe  the  ferru le  end-face  wi th  a  cloth .  
As  rubbing  may produce a  static  e lectric  charge,  wh ich  may attract con tam ination ,  i t  i s  
recommended  to  use  an  optica l  connector cleaner wi th  cloth  that has  been  processed  so  that  
i t  wi l l  not  create  a  stati c e lectric charge.  Li n t-free  cloths  are  a lso  recommended .  

NOTE  An  i on i zer can  be  usefu l  to  neu tral i ze  the  e l ectrostati c  charge  wh ich  can  develop  from  the  cl ean ing  process.  

Typical  cl ean ing  tools  and  mach ines  are  described  i n  the  fol lowing  clauses.  Th is  l i st i s  not  
exhaustive.  

7.2  Reel  type cleaner 

A reel  type  cleaner i s  used  for clean ing  optica l  connector plug  end -faces,  bu t  i s  not  su i ted  for 
cl ean ing  optical  receptacles.  The  clean ing  cloth  i n  the  reel  type  cleaner i s  rol l ed  and  packed  
i n  a  cassette  wh ich  has  a  smal l  window i n to  wh ich  the  p lug  end -face  i s  i nserted  for clean ing .  
F igure  1  shows  an  example  of a  reel  type  cleaner.  The  clean ing  process  of connector end-
faces  wi th  ree l  type  cleaner may resu l t  i n  an  e lectrostatic charge  (ESC)  effect.  Therefore  i t  i s  
recommended  that the  clean ing  cloth  has  been  processed  to  prevent the  creation  of a  static  
e lectric charge.  The  opti cal  connector p lug  end -face  to  be  cleaned  is  pressed  i n to  then  wiped  
a long  the  clean ing  cloth .  The  clean ing  cloth  shou ld  be  advanced  before  every clean ing  to  
prevent con tam ination .   

For I EC  61 754-7,  type  MPO connector p l ugs  wi th  gu ide-pins,  ded icated  reel  type  cleaners  are  
avai lable  i n  the  market.   

 

NOTE  Reproduced  from  OPTIPOP TM,  Opti cal  Connector Cleaner,  NTT Advanced  Technol ogy Corporation  
websi te  h ttp: //www.n tt-at. com/product/opti pop/ 

Figure 1  –Example  of a  reel  type cleaner 

7.3  Stick type  cleaner  

A stick type  cleaner has  clean ing  cloth  on  the  top  of a  stick.  I t  i s  sometimes  cal led  a  swab  
type  cleaner.  Th is  cleaner i s  su i table  for optical  receptacles  and  optica l  adaptors.  F igure  2  
shows an  example  of stick type  cleaners.  

IEC  

Copyright International  Electrotechnical  Commission  



 – 1 0  – I EC TR 62627-01 : 201 6  © I EC  201 6  

L in t-free  cloths  are  recommended .  C lean ing  materia l  shou ld  be  processed  to  prevent the  
creation  of a  s tatic e lectric charge  on  the  end-face.  Th is  type  of cl eaner shou ld  be  used  once  
on l y.   

There  are  several  th icknesses  of stick type  cleaners  avai l able,  depend ing  on  the  ferru le  
d iameter.  

 

NOTE  Reproduced  from  CLETOP TM,  Opti cal  Connector Cleaner,  NTT Advanced  Technol ogy Corporation  
websi te  h ttp: //www.n tt-at. com/product/cletop/.  

Figure 2  –Example  of stick type  cleaners  

7.4  Pen  type  cleaner  

Pen  type  cleaners  have  a  clean ing  cloth  on  the  top  of the  cleaner.  The  clean ing  cloth  rotates  
when  the  top  of the  cleaner i s  pressed  on  the  end-face  of an  optical  receptacle,  and  cleans  
the  end-face.  For some cleaners,  as  the  wid th  of the  clean ing  cloth  l im i ts  the  area  of clean ing ,  
on l y the  centre  of end-faces  may be  cleaned .  I t  i s  recommended  that  the  clean ing  cloth  has  
been  processed  to  prevent the  creation  of a  s tatic e lectric  charge.  The  clean ing  cloth  shou ld  
be  l i n t-free.  I t  i s  sometimes  ca l l ed  a  probe  type  cleaner.  F i gure  3  shows  an  example  of a  pen  
type  cleaner.  

 

NOTE  Reproduced  from  NEOCLEAN  R,  Opti cal  Connector Cl eaner,  NEOCLEAN  R-E  Pen  Type,  NTT Advanced  
Technology Corporation  websi te  h ttp: //www. ntt-at. com/product/neoclean/.  

Figure 3  –Example  of a  pen  type  cleaner 

7.5  Adhesive  backed  stick type cleaner 

Adhesive  backed  stick cleaners  have  a  soft adhesive  backing  at the  top  of the  cleaner.  The  
adhesive  backed  s tick cleaner is  briefl y pressed  i n to  and  removed  from  the  end-face  of an  
optical  connector,  receptacle  or optical  connector adaptor whereby the  soft adhesive  backing  
removes  dust and  other particu lates.  F i gure  4  shows  an  example  of an  adhesive  backed  stick 
type  cleaner.  
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NOTE  Reproduced  from  Optres  TM,  Opti cal  P l ug  Assembly Cl eaner,  OPTO LEAF,  TOMOEGAWA websi te  
h ttp: //opt. tomoegawa. co. j p/eng l i sh /tech /moch i . h tm l .  

Figure 4 – Example of an  adhesive  backed  stick type cleaner 

7.6  Gas  and  vacuum cleaning  machine   

A volati le  l i qu id  solven t i s  i n jected  and  extracted  from  a  nozzle.  Contam ination  i s  removed  by 
the  solven t.  L iqu id  shou ld  not  en ter the  cable  e lements  or other parts  of a  connector where  i t  
cannot  be  removed .  F igu re  5  shows  an  example  of a  gas  and  vacuum  clean ing  mach ine.  

 

NOTE  Reproduced  from  CLEAN  BLAST TM,  JDS  Un i phase  Corporation  websi te  h ttp: //www. j dsu . com/en -us/Test-
and -Measurement/Products/a-z-productl i st/Pages/cleanblast-portabl e. aspx.  

Figure 5  – Example  of a  gas  and  vacuum  clean ing  machine  

7.7  Ai r duster  

An  ai r duster i s  widel y used  for clean ing  e lectron ic  and  e lectric  equ ipment.  Compressed  a i r i s  
b lown  from  the  nozzle  of a  can .  I t  i s  sometimes  cal l ed  canned  ai r.  Examples  of materia ls  are  
d i fl uoroethane  (HFC-1 52a) ,  tri fl uoroethane  (HFC-1 43a)  or tetrafl uoroethane (HFC-1 34a).  
HFC-1 52a  has  a  l ower g lobal  warm ing  potentials  (GWP)  index than  HFC-1 43a,  wh ich  i s  better 
for the  envi ronment.  Care  shou ld  be  taken  as  some ai r dusters  may l eave  a  sta in  on  the  
ferru le  end-face.  F igu re  6  shows  an  example  of an  a i r duster.  

 

NOTE  Reproduced  from  h ttp: //www.m icrocareel ectron ics. com/products/product/voc-free-fl ux-remover-u l tracl ean/.  

Figure 6  – Example of an  ai r duster 
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7.8  Tissue  and  solvent,  wet clean ing  

The wet cl ean ing  method  uses  a  solvent,  such  as  i sopropyl  a lcohol ,  wi th  cl ean ing  tissues  for 
optica l  e lements  to  clean  the  optical  connector end -face.  No  res idue  from  the  solvent  shou ld  
remain  after cl ean ing .  Us ing  a  solvent prevents  the  creation  of a  static e lectric charge  on  the  
end-face  and  is  sometimes  effective  for removing  sticky contam ination .  After wet cl ean ing ,  d ry 
clean ing  i s  recommended  to  remove solven t res idue.  I t  i s  recommended  that  the  clean ing  
ti ssues  are  l i n t-free.  

8 Optical  connectors  and  their appl icable  cleaning  tools  and  machines  

Table  1  shows typica l  optical  connectors  and  thei r appl icable  clean ing  tools  and  mach ines.  
For power b locking  shuttered  adaptors,  s tick type  tools  cannot be  used  as  the  clean ing  cloth  
on  top  of the  s tick  may be  caught  by the  shutter p late.  

Table  1  – Appl icable  clean ing  tools  and   
mach ines  for typical  optical  connector parts  

Tools  and  mach ines  Plugs  Adaptors/  
receptacles  wi th  

connected  plugs  on  
back s ide  

Power blocking  
shuttered  adaptors  
wi th  connected  

plugs  on  back s ide  

Dust caps  

Reel  (cassette)  
type  

recommended  n/a  n/a  n/a  

Stick type  n/a  recommended  n/a  n/a  

Pen  type  appl i cabl e  recommended  recommended  n/a  

Adhesi ve  backed  
sti ck type  

appl i cabl e  recommended  recommended  n/a  

Gas  and  vacuum  appl i cabl e   appl i cabl e  n/a  n/a  

Ai r duster  n/a  n/a  n/a  appl i cabl e  

Paper and  sol ven t  appl i cabl e  n/a  n/a  n/a  

 

I f d ust  caps  are  d i rty,  clean  the  caps  us ing  an  u l trason ic cleaner fi l l ed  wi th  a  su i table  solven t.  
Atten tion  i s  d rawn  to  the  fact that  l i qu id  cl ean ing  can  leave  a  res idue.  

9  Procedures  

9. 1  General  

As described  i n  5. 3 ,  i t  may be  necessary to  i nspect and  clean  both  s i des  and  the  i ns ide  of the  
s l eeve  of a  connection  before  they are  mated  un less  otherwise  recommended  by the  
manufacturer.   

9.2  Basic  procedure  of clean ing  

The bas ic  procedure  of cl ean ing  i s  as  fol lows.  

a)  I nspect the  optica l  connector end -face  for con tam ination  or damage before  clean ing .    

b)  Dry clean  the  optical  connector end-face  i f contam ination ,  scratches  or defects  are  found .   

c)  I nspect the  optica l  connector end-face  after every clean ing  to  determ ine  i f contam ination  
has  been  removed .  

d )  Repeat b)  and  c)  several  times.  I f contam ination  sti l l  remains ,  i t  may be  due  to  
con tam ination  of the  clean ing  tools .  

e)  I f contam ination  remains  after d ry clean ing  several  t imes,  try wet clean ing  using  a  solvent.  
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f)  After wet cl ean ing ,  d ry clean  again .  

g )  I nspect the  optical  connector end-face  after every clean ing ,  and  j udge  accord ing  to  the  
pass/fai l  cri teria.  

h )  Repeat f)  to  g )  several  more  times,  i f needed .  

9.3  Procedure  to  clean  exposed  plug  end-faces  with  a  reel  type cleaner 

The procedure  to  clean  exposed  p lug  end -faces  wi th  a  ree l  type  cleaner is  as  fol l ows.  

a)  Before  clean ing ,  i nspect the  pl ug .  I f i t  i s  clean ,  do  not cl ean  i t .  

b)  F i rst,  try a  d ry clean ing  method ,  as  shown  i n  F igure  7:  

1 )  use  a  des igned-for-optics  cleaner;  

2)  clean  as  per the  manufacturer’s  i nstructions;  

3)  i nspect after every clean ing  attempt;  

4)  repeat 2  or 3  times,  i f needed ;  

5)  i f the  debris  remains  i t  i s  bonded  to  the  surface  or mated- in  (not  removable) .  

 

Figure 7  – Clean ing  with  a  reel  type cleaner 

c)  Next,  try a  wet-to-dry clean ing  method :  

1 )  use  a  des igned-for-optics  solven t;  

2)  do  not saturate  the  cloth  or tape:  damp is  effecti ve,  soaking  wet i s  not;  

3)  cl ean  as  per the  pl ug  manufacturer’s  instructions ;  

4)  wet clean ing  shal l  be  fo l lowed  immed iatel y by d ry clean ing .  Wet-dry can  be  one  step  
(moving  from  damp to  d ry on  a  wipe)  or two s teps  (damp wipe  fol lowed  by d ry wipe) ;  

5)  i nspect after every clean ing  attempt;  

6)  repeat 2  or 3  times  i f needed ;  

7)  i f the  debris  remains,  i t  i s  mated- in  (not removable).  

d )  Compare  the  p lug  end-face  wi th  the  pass/fai l  cri teria  to  decide  to  e i ther use  of replace  the  
p lug .  

I t  i s  recommended  to  fol low the  p lug  manufacturer’s  i nstructions  for cl ean ing  fibre  optic  p l ugs.  
Do  not clean  against a  hard  su rface.  When  us ing  a  wipe  or reel  type  cleaner,  typica l l y one  or 
two 25  mm  strokes  of the  clean ing  materia l  i s  sufficient.  Enough  pressure  shal l  be  appl ied  so  
that  the  res i l ien t/conforming  materia l  a l l ows  the  wipe  to  conform  to  the  end -face  geometry of 
the  p l ug  ensuring  the  en ti re  p lug  end-face  has  been  cleaned .   

9.4  Procedure  for port clean ing  using  a  stick type  or a  pen  type cleaner 

Plugs  that  can  be  removed  from  an  optical  adaptor for cl ean ing  shou ld  be  removed  and  
cleaned .  

a)  Before  clean ing ,  i nspect the  plug .   
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•  I f i t  i s  cl ean ,  do  not  clean  i t.  

b)  F i rst,  try a  d ry clean ing  method ,  as  shown  i n  F igure  8  and  F igure  9 :  

1 )  se lect the  des igned -for-optics  cleaner that corresponds  to  the  p l ug  type/ferru le  s ize;  

2)  clean  as  per the  plug  manufacturer’s  i nstructions ;  

3)  i nspect  after every clean ing  attempt;  

4)  repeat  2  or 3  t imes,  i f needed ;  

5)  i f the  debris  remains,  i t  i s  bonded  to  the  surface  or mated- in  (not removable).  

   

Figure 8  – Clean ing  ports  using  a  stick type cleaner 

 

Figure 9  – Clean ing  ports  using  a  pen  type  cleaner 

c)  Next,  try a  wet - to-dry clean ing  method :   

1 )  appl y a  des igned-for-optics  solven t to  a  cl ean  des igned-for-optics  clean ing  wipe;  

2)  moisten  the  tip  of the  clean ing  tool  by touch ing  i t  to  the  solven t spot on  the  clean ing  
wipe;  

3)  clean  as  per the  pl ug  manufacturer’s  instructions ;  

4)  wet clean ing  shal l  be  fo l l owed  immed iatel y by d ry clean ing .  Wet-dry can  be  one  step  
(moving  from  damp to  d ry on  a  wipe)  or two s teps  (damp wipe  fo l lowed  by d ry wipe) ;  

5)  i nspect after every attempt;  

6)  repeat  2  or 3  times,  i f needed ;  

7)  i f the  debris  remains,  i t  i s  mated- in  (not removable);  

d )  Compare  the  p l ug  end-face  wi th  the  pass/fa i l  cri teria  to  decide  to  e i ther use  or replace  the  
p lug .  

Select a  swab  or port clean ing  device  that i s  manufactured  for the  s i ze  and  type  of p lug  being  
cleaned .  Do  not touch  or con tam inate  the  clean ing  end  of the  swab or the  port  clean ing  device.  
I t  i s  recommended  that the  user fol l ow the  manu facturer’s  i nstructions  for use  wi th  a l l  fi bre  
optic cl ean ing  devices.  

Stick type  clean ing  deta i l :  p lace  the  clean ing  end  of the  swab  in to  the  port  and  rotate  the  
swab wh i le  appl ying  appropriate  pressure  to  the  p lug  end-face.  Usual l y,  push ing  so  that the  
compression  spring  i n  the  p l ug  i s  s l i gh tl y activated  i s  i deal  for 2 , 5  mm  plugs.  Rotating  the  
swab several  times  i s  su fficien t.  The  swab shou ld  on l y be  used  once  and  then  d iscarded .  I f 
the  user i s  cl ean ing  ang led  pol ished  p lugs  – APC (green  p lug  hous ing  or bu lkhead  adaptor)  – 
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then  us ing  a  1 /4  turn  back and  forth  rotation  may help  the  swab  end -face  conform  to  the  8°  
ang le.   

Pen  type  clean ing  detai l :  i nsert  the  device  i n to  the  a l i gnment s leeve  and  acti vate  the  cleaner 
to  perform  the  mechan ical  cl ean  e i ther by push ing  the  device  or by press ing  on  a  bu tton  on  
the  device.  For wet-to-d ry clean ing ,  an  add i ti onal  acti vation  of the  device  assures  that  any 
excess  solvent has  been  removed .  

9.5  Procedure  for port clean ing  using  an  adhesive  backed  stick type  cleaner 

Adhesive  backed  s tick type  clean ing  detai l :  i nsert the  clean ing  end  of the  s tick in to  the  port of 
the  optical  connector,  receptacle  or optical  connector adaptor and  appl y some pressure  briefl y,  
then  remove.   

Depend ing  on  manufacturer gu idel ines  repeat the  process  of i nserting  the  sti ck i n to  the  port,  
press ing  briefl y and  removing  a  number of t imes.  Typical l y th is  process  can  be  repeated  
about 3  times.  

Depend ing  on  the  manufacturer’s  gu idel ines  the  same adhesive  backed  s tick cleaner can  be  
used  on  mu l tip le  ports  before  being  d iscarded .  

9.6  Cleaning  procedure using  a  gas  and  vacuum type clean ing  machine  

I nsert  the  nozzle  i n to  the  receptacle  of an  optical  adaptor to  clean  the  optical  end-face.  The  
clean ing  mach ine  in j ects  a  volati l e  solvent in to  the  transceiver to  d is lodge  con tam ination  and  
then  extracts  the  solven t to  remove  the  contam ination .  For operati ng  detai ls ,  the  i nstruction  
manual  provided  wi th  the  mach ine  by the  suppl ier shou ld  be  thorough l y reviewed  before  use.  
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Annex A 
(informative)  

 
Precautions  for the  cleaning  process  

A.1  Material  to  be  cleaned  

A.1 . 1  Plug  connector 

Plug  end-faces  shou ld  be  i nspected  fi rst,  cl eaned  i f necessary,  then  mated .  Th is  appl i es  to  
p lugs  wi th  a  s ing le  fibre  cyl i ndrica l  ferru le  and  a  mu l ti - fi bre  rectangu lar ferru le .    

A.1 .2  Plug  connector inside adaptors  

Ferru le  end-faces  i ns ide  of connector p lugs  i ns ide  ports  and  receptacles  shou ld  a lso  be  
i nspected  fi rst,  cleaned  i f necessary,  then  i nserted  i n to  the  p l ugs.  The  receptacle  connectors  
are  widel y used  as  i n terface  i n  commun ication  equ ipment,  measuring  i nstruments,  
transceivers ,  etc.  

A.1 .3  Adaptor for a  cyl indrical  ferru le  plug  

An  adaptor for a  cyl i nd rica l  ferru le  p lug  usual l y con tains  an  a l ignment s leeve.  Al though  there  
is  no  end-face  in  the  adaptor,  the  i nside  of the  s leeve  shou ld  be  cleaned .  Contam ination  
i nside  the  s l eeve  may spread  on to  the  p l ug  end-face  during  mating .  Therefore  the  clean ing  of 
the  i ns ide  of the  s l eeve  i s  importan t to  main tain  the  clean l iness  of p lug  end -faces.     

A.1 .4  Timing  of the  clean ing  

There  is  a  poss ib i l i ty that  con tam ination  adheres  to  the  end-face  at  any time.  Therefore  before  
every connection ,  i nspection  and  i f necessary clean ing  of the  pl ug  end-face  shou ld  be  
performed.  After every clean ing ,  an  i nspection  of the  p lug  end-face  shou ld  fol low to  ensure  a  
clean  end -face.  

I f i nsta l l ing  a  fi bre  optic  patch  cord  in  a  network,  even  a  brand  new one  (ri ght  ou t of the  
package),  the  p l ug  end -faces  on  both  ends  of the  patch  cord  shou ld  be  cleaned  before  mating  
i f no  i nspection  has  been  carried  ou t.  I t  i s  probable  that i t  was  clean  when  tested  at  the  
manufacturing  p lant bu t i t  cou ld  become contam inated  before  the  package i s  opened  to  insta l l  
the  fibre  optic  cord .  

A.2  Addi tional  information  

a)  I sopropyl  a lcohol  ( I PA)  and  some l i qu id  cleaners  wi l l  absorb  moisture  from  i ts  
surround ings,  i nclud ing  a i r.  Therefore,  a  con ta iner of I PA l eft  open  to  the  a i r can  eas i l y 
become d i l u ted  and  contam inated .  Con tam inated  IPA can  leave  a  res idue  on  the  end -face  
of the  p lug  contribu ting  to  the  reduced  performance of the  fi bre  optic l i nk.  I PA wi th  a  
volume fraction  of 95%  or h igher shou ld  be  used .  

b)  Not a l l  materia ls  are  su i table  for clean ing  optical  p lugs.  Materia ls  not speci fical l y des igned  
for optical  clean ing  (e. g .  cotton  swabs,  some types  of t issue  paper,  some  types  of foam)  
may contain  contam inants  that wi l l  remain  on  the  fibre  surface,  or break down  and  leave  
materia l  remnants  on  the  p lug .  

c)  Repackag ing  of wipes  or swabs  in to  one's  own  con tainers  may con tam inate  the  clean ing  
products .  C lean ing  wipes  or swabs  removed  from  packag ing  and  left  “out”  before  use  can  
p ick-up  contam inates  from  the  a i r or hand l i ng .  

d )  I f i n  doubt  about the  clean l iness/effecti veness  of the  fibre  optic  clean ing  products ,  try the  
“do  no  harm”  test.  

e)  Take  a  cl ean  p l ug  (veri fi ed  clean  by i nspection  wi th  a  m icroscope).  
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1 )  Clean  i t  wi th  the  appropriate  clean ing  materia ls .  

2)  Re- inspect the  end-face  wi th  a  m icroscope.  Has  the  process  damaged  or added  any 
con tam ination  to  the  p lug  end-face?  

3)  The  process  may be  repeated  several  times.  

4)  I t  i s  not  unusual  for cl ean ing  products  to  occasional l y l eave  some contam ination  on  the  
end-face.  

f)  Use  of canned  a i r to  d i rectl y clean  the  end -face  of a  fi bre  optic p lug  or port i s  not  
recommended .  Canned  a i r can  conta in  some o i l s ,  wh ich  are  ou t-gassed  by the  main  seal  
i n  the  valve  of the  can .  Th is  i s  particu larl y true  during  the  fi rst  few seconds  of spraying  
after the  can  has  not been  used .  The  h igh  veloci ty a i r cou ld  force  some hard  contam inates  
on to  the  p lug  surface  poten tia l l y damag ing  i t.  Canned  a i r i s  under pressure  and  cools  as  i t  
l eaves  the  confines  of the  conta iner.  Therefore,  i t  can  ch i l l  the  optical  componen t caus ing  
moistu re  in  the  a i r to  condense on  the  surface,  l i kel y deposi ti ng  con tam inants .  

g )  Al l  cl ean ing  materia ls  shal l  be  packaged  i n  a  way that does  not  adversel y affect the  
clean ing  properties  of the  clean ing  materia l .   

1 )  L in t free  wipes  shal l  be  packaged  so  that the  wipe  does  not become con tam inated  i n  
transport,  storage  or use.   

2 )  L iqu id  cleaners  shal l  be  packaged  so  that  they cannot be  con tam inated .   

•  Hermetica l l y sealed  con ta iners  that d ispense  solven ts  on l y when  being  used  are  
best.   

•  Propel lan ts  i n  aerosols  shou ld  not contribute  to  the  contam ination  problem .   

h )  Opened  con tainers  of I PA wi l l  absorb  moisture  from  the  a i r a l ong  wi th  any a i rborne  
con tam inates  d issolved  i n  that moistu re  in  the  a i r and  l eave  a  res idue  on  the  end -face.  

i )  I nspect both  p l ugs  before  making  the  connection .  Th is  i s  the  on l y way to  ensure  the 
devices  are  clean  and  safe  to  connect.  
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Annex B  
(informative)  

 
General  information  on  contamination  

B.1  Impact of contamination  

B.1 . 1  General   

Contam ination  is  the  most common  source  of problems in  optical  networks.  A s ing le  particle  
l ocated  on  the  core  of a  s i ng le  mode  fi bre  can  cause  s ign i fican t back reflection ,  attenuation  
and  fibre  damage.  I EC TR 62627-05  conta ins  an  i nvestigation  on  the  impact of con tam ination  
on  the  optical  performance of optical  connectors.   

Wi th  i ncreased  data  rates,  i t  has  become increasing l y importan t to  ensure  that a l l  p l ugs  and  
adaptors  are  i nspected  and  i f necessary cleaned  before  mating .  Th is  means  that both  s ides  of 
a  connection  and  the  inside  of the  adaptor s l eeve  shou ld  be  i nspected  and  i f necessary 
cleaned  before  making  the  connection .  Th is  appl i es  to  test  equ ipment and  test  cords  as  wel l  
as  network components.  New plugs  shal l  be  i nspected  and  i f necessary cleaned .  I nspecting  
and  clean ing  every connection  every time is  the  best  assurance  of a  re l i able  optical  network.  

B.1 .2  H igh  power l evels  

High  power l evels  may be  experienced  in  transm ission  fibres,  particu larl y where  Raman  

ampl i fi ers  are  used  – pump power levels  of one  watt  (+30  dBm)  or more  may be  present i n  the  
core  of the  fibre  g i ving  an  energy densi ty equ ivalent to  1 2 , 5  GW/m 2  for a  s i ng le  mode  core  

wi th  an  effecti ve  area  of 80  µm2 .  H igh  power l evels  may a lso  be  used  for i n formation  
transm ission  in  dense  wavelength  d i vis ion  mu l tip lexing  (DWDM) systems,  where  h i gh  power 
systems may have  1 00  mW to  1  W  total  s i gnal  power.  When  optica l  power of th is  magn i tude  is  
transm itted  wi th in  a  s i ng le  mode  fibre,  any contam ination  on  the  end-face  of a  fibre  optic  p lug  
wi l l  be  heated  to  extremely h igh  temperatures  resu l ti ng  i n  poss ib le  vaporization  of the  
con tam inate  and  mel ti ng  of the  g lass,  thereby destroying  the  i n tegri ty of the  connection  and  
requ iring  a  complete  replacement of the  connection  components.  

B.1 .3  H igh  data rates  

With  the  onset  of h i gh  data  rate  systems  at 1  Gbi t/s  and  above,  clean ing  mu l timode  fibre  optic  
p lugs  has  become much  more  important.  I n  the  past,  at  s l ower data  rates  (1 0  Mbi t/s  and  
1 00  Mbi t/s),  the  use  of LEDs  as  the  l i ght  source  and  the  larger s i ze  of the  mu l timode core  
a l l owed  for “some”  contam ination  wi thou t noticeable  network performance  degradation .  
Equ ipment power budgets  were  typica l l y i n  the  range  of 1 0  dB  to  1 5  dB.  Now wi th  data  rates  
at  1  Gbi t/s,  1 0  Gbi t/s  and  h i gher data  rates,  the  a l l owable  channel  i nsertion  l oss  may be  as  
l ow as  2 , 35  dB  for example.  Also,  the  use  of VCSELs  means  that  p lug  clean l iness  is  
necessary to  ensure  m in imal  back reflection  thereby ensuring  system  performance.   

B.2  Source of contamination  

B.2. 1  M ishand l ing  

Mishand l i ng  of a  p lug  end-face  i s  the  most common  source  of contam ination .  Acciden tal l y 
touch ing  the  end-face  wi l l  spread  skin  o i l  or hand  lotion  across  the  end -face.  Acciden tal l y 
brush ing  the  p l ug  end-face  on  cloth ing  can  l eave  skin  o i l  or other oi l  previous l y absorbed  by 
the  fabric,  l i n t  generated  from  the  materia l ,  particles  held  i n  the  fabric  or surfactan ts  from  
previous  clean ing  of the  garment.  Leaving  a  fibre  optic  port  or p lug  end-face  unprotected  from  
the  envi ronment subj ects  the  end-face  to  environmental  sources  of con tam ination  as  
d iscussed  be low.  

Typical  examples  of contam ination  are  shown  in  F igure  B . 1 .  
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a)  Cl ean  plug  wiped  on  a  T-sh i rt  b)  Clean  plug  wiped  on  jeans  

Figure B. 1  – Typical  examples  of contamination  

B.2.2  Environmental  sources  

Envi ronmenta l  sources  of contam ination  are  too  numerous  to  cata logue  complete l y.  Bu i l d ing  
materia ls  are  a  common  con tribu tor to  fibre  optic  p lug  con tam ination ;  sawdust,  sheet p laster 
dust  and  pain t  fumes  are  a l l  poten tia l  con tributors .  Pol lu tan ts  i n  the  a i r can  fi nd  thei r way on to  
p lug  end-faces.  I n  d ry cl imates  a i rborne  dust parti cles  wi l l  fi nd  their way on to  p lug  end-faces.  
I n  very damp hum id  areas,  a i rborne  contam inates  can  condense  on  the  p l ug  end-face.  
Considering  fibre  optic appl ications  exist  i n  m i l i tary,  med ical ,  o i l  and  gas  and  manufacturing  
i ndustries,  the  variety of poten tia l  contam inants  becomes very l arge.   

B.2.3  Contamination  travels  

Contam ination  travels  between  pl ugs,  as  i l l ustrated  i n  the  images  i n  F igure  B. 2 .  The  insertion  
of a  con tam inated  p l ug  i n to  a  port wi l l  spread  that con tam ination  to  the  mated  end-face,  wh ich  
i n  tu rn  wi l l  spread  the  contam ination  to  the  next p l ug  that i s  p l ugged  in to  the  port.  Below are  
p ictures  of the  resu l ts  of mating  a  clean  p lug  wi th  a  contam inated  p lug .  

  

a)  Plug  A before  mating  b)  P lug  B  before  mating  

 

  

c)  P lug  A after mating  d )  P lug  B  after mating  

Figure B.2  – Resul ts  of mating  

B.2.4  Contamination  migration  

Contam ination  can  m igrate  toward  the  core,  as  shown  i n  F igure  B . 3.  I n i tial  con tam ination  
ou ts ide  the  core  zone  can  be  broken  up  by mating  and  travel  toward  or onto  the  fi bre  core.   
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a)  I n i tial  contamination  b)  After 4th  mating  

Figure  B.3  – Contamination  migration  

B.3  Problems due to  end-face contamination  

B.3. 1  Signal  degradation  

An  example  of s ignal  degradation  ( increased  attenuation  and  back reflection)  i s  shown  i n  
F igure  B. 4.   

 

Figure B.4 – S ignal  degradation  due  to  contamination  
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B.3.2  Permanent damage  

A d i rty or contam inated  p lug  can  embed  debris  in to  the  fibre.  Once  debris  has  been  
embedded  i n to  the  fi bre  surface,  clean ing  m ight  not  remove i t,  as  shown  i n  F igure  B . 5.  I f th is  
occurs  i n  the  core  zone,  the  pl ug  has  been  permanentl y degraded .   

   

a)  Di rty fibre  prior to  mating  b)  F ibre  after cl ean ing  c)  Embedded  debris  

Figure B.5 – Permanent damage due  to  contamination  
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Annex C  
(informative)  

 
Example of inspection  equipment 

Video  fi bre  m icroscopes  d isplay a  magn i fied  image  of the  p lug  end-face  on  a  screen .  They 
can  be  used  to  i nspect ferru le  end-faces  for e i ther a  plug  or port.  F igure  C. 1  shows  an  
example  of the  typical  FO  p lug  i nspection  procedure.  

  

a)  F ibre  m icroscope for a  plug  b)  F ibre  m icroscope for port  

Figure C. 1  – Patch-cord  inspection  and  port  inspection  
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