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FOREWORD 

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

2)  The  formal  decis ions  or ag reements  of I EC on  techn ical  matters  express,  as  nearl y  as  possib le,  an  i n ternati ona l  
consensus  of opi n ion  on  the  rel evant  sub jects  s i nce  each  techn ical  comm i ttee  has  representati on  from  a l l  
i n terested  I EC National  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  conten t of I EC  
Publ i cations  i s  accu rate,  I EC  cannot  be  hel d  responsi ble  for the  way i n  wh ich  they are  used  or for any 
m is i n terpretation  by any end  u ser.  

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

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

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

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

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

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

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 ical  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 61 282-1 5,  wh ich  is  a  Techn ica l  Report,  has  been  prepared  by subcommittee  86C:  
F ibre  optic systems  and  acti ve  devices,  of I EC techn ical  comm ittee  86 :  F ibre  optics.  

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

Enqu i ry d raft  Report  on  voti ng  

86C/1 427/DTR 86C/1 443/RVDTR 

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

A l i st  of a l l  parts  i n  the  I EC 61 282  series,  publ ished  under the  general  t i tle  Fibre optic 
communication system design guides,  can  be  found  on  the  I EC websi te .  

The  committee  has  decided  that the  con ten ts  of th is  document wi l l  remain  unchanged  un ti l  the  
stabi l i ty date  i nd icated  on  the  I EC  websi te  under "h ttp: //webstore. iec. ch"  i n  the  data  re lated  to  
the  speci fic document.  At  th is  date,  the  document wi l l  be   

•  reconfi rmed ,  

•  wi thdrawn ,  

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

•  amended .  

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

 

  



 – 6  – I EC TR 61 282-1 5: 201 7    I EC  201 7  

INTRODUCTION  

Cabl ing  testi ng  standards  such  as  I EC  61 280-4-1  for mu l timode attenuation  measurements  
and  I EC 61 280-4-2  for s ing le-mode attenuation  and  optical  return  loss  measurement describe  
testing  s implex or duplex fibre  cabl i ng  term inated  wi th  s ing le-fibre  ferru le  connectors  (e . g .  
LC) .  Th is  document has  been  wri tten  to  describe  measurement methods  for attenuation  and  
polari ty and  can  be  used  i n  the  absence of any mu l ti -fibre  testing  standard .   

Th is  document addresses  the  testing  of i nsta l led  mu l timode  and  s ing le-mode  cabl ing  
term inated  wi th  mu l ti -fibre  connectors  of I EC 61 754-7  (a l l  parts)  re lated  to  mu l ti -fi bre  push  on  
(MPO)  and  describes  the  chal lenges  when  testi ng  array connectivi ty,  wh ich  parameters  are  
important  to  measure,  and  why the  test methods  of I EC  61 280-4-2  and  I EC 61 280-4-1  cannot 
be  used .   

I nsta l l ed  optical  fi bre  cabl ing  term inated  wi th  MPO i n terfaces  can  be  tested  i n  d i fferent ways,  
for example,  wi th  equ ipment having  an  MPO connector test port.  Testing  using  other types  of 
equ ipment i s  poss ib le,  for example  us ing  an  optical  time  domain  reflectometer (OTDR).   

Th is  document focuses  on  MPO connectors  con tain ing  1 2  fi bres  i n  a  s i ng le  row;  however,  
many of the  princip les  can  a lso  be  appl ied  to  testi ng  of cabl i ng  term inated  wi th  d i fferent types  
of MPO  connectors  wi th  appropriate  changes  to  test  cords  and/or test  equ ipment i n terfaces.  
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FIBRE OPTIC COMMUNICATION  SYSTEM DESIGN  GUIDES –  
 

Part 1 5:  Cable  plant and  l ink –  
Testing  multi -fibre optic cable  plant terminated  wi th  MPO connectors  

 

 

1  Scope 

This  part of I EC 61 282  provides  gu idance  for the  testing  of mu l ti -fibre  cable,  mu l timode or 
s ing le-mode,  term inated  wi th  p lugs  described  i n  I EC 61 754-7  (a l l  parts)  (mu l tip le-fibre  push  
on  – MPO).  Gu idance is  provided  on  the  measurement of attenuation ,  polari ty,  l eng th  and  
optical  return  l oss.  The  cabl ing  can  be  instal led  i n  a  variety of envi ronments ,  incl ud ing  
res identia l ,  commercia l ,  i ndustria l ,  and  data  centre  prem ises,  and  poss ib l y i n  ou tside  p lant  
environments .   

2  Normative references  

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

I EC 61 280-4-1 ,  Fibre-optic communication subsystem test procedures – Part 4-1 : Installed 
cable plant – Multimode attenuation  measurement 

I EC 61 280-4-2 ,  Fibre-optic communication subsystem test procedures – Part 4-2: Installed 
cable plant – Single-mode attenuation  and optical return loss measurement 

3 Terms,  defin i tions  and  abbreviated  terms  

3. 1  Terms and  defin i tions  

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

I SO  and  I EC main ta in  term inolog ical  databases  for use  i n  standard 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   

3. 1 . 1   
adapter 

part of a  connector i n  wh ich  one  or two  p lugs  are  i nserted  and  a l igned  

3. 1 .2   
attenuation  
reduction  of optica l  power i nduced  by transm ission  through  a  med ium  such  as  cabl i ng ,  g iven  
as   

L =  1 0  l og 1 0(Pi n /Pout)  

where  Pi n  and  Pout  are  the  power,  typical l y measured  in  mW,  in to  and  out  of the  cabl i ng  

Note  1  to  en try:  Attenuati on  i s  expressed  i n  dB .  

http://www.electropedia.org/
http://www.iso.org/obp
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3. 1 .3   
configuration  
form  or arrangements  of parts  or e lemen ts  such  as  term inations,  connections  and  spl ices  

3. 1 .4   
connector 
component consisting  of two p l ugs  mated  together in  an  adapter,  for the  purpose  of provid ing  
frequent  optical  in terconnection /d isconnection  of optica l  fibres  or cables ,  between  two  cables,  
or a  cable  to  an  apparatus  

3. 1 .5   
enci rcled  flux  
fraction  of cumu lati ve  near-fie ld  power to  tota l  ou tput power as  a  function  of rad ia l  d istance  
from  the  optica l  centre  of the  core  

3. 1 .6   
l aunch  cord  

test cord  used  to  connect the  l ight  source  to  the  cabl i ng  under test  

3. 1 .7   
l igh t source  power meter  
test system  consisti ng  of a  l i gh t source  (LS),  power meter (PM)  and  associated  test  cords  
used  to  measure  the  attenuation  of i nstal l ed  cable  p lan t  

3. 1 .8   
MPO connector 
mul ti -fi bre  componen t cons isting  of p i nned  or unpinned  p l ug  and  mating  adapter,  normal l y 
attached  to  an  optica l  fi bre  cable ,  for the  purpose  of provid ing  h i gh  dens i ty term ination  
capabi l i ty,  and  frequent i n terconnection  or d isconnection  

3. 1 .9   
plug  

free  part  of a  connector 

3. 1 . 1 0   
test cord  
term inated  optica l  fi bre  cord  used  to  connect the  optical  source  or detector to  the  cabl i ng ,  or 
to  provide  su i table  i n terfaces  to  the  cabl i ng  under test  

Note  1  to  en try There  are  two  types  of test  cords:  

– l aunch  cord ;  

– recei ve  cord .  

3.2  Abbreviated  terms  

APC ang led  phys ical  con tact (description  of pl ug  pol ish )  

LED  l igh t em i tti ng  d iode  

LSPM  l igh t source  power meter 

MPO  mu l tip le-fibre  push  on  

OTDR optica l  time  domain  reflectometer 

PC  phys ical  contact (description  of p lug  pol ish )  

VFL  visual  fau l t l ocator 

OPM  optical  power meter 

OLTS  optical  l oss  test set  
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4 MPO connectors  

4.1  General  

A mu l ti -fibre  push  on  (MPO)  connector i s  a  mu l ti -fibre  device,  used  wi th  ri bbon  cables ,  that i s  
defined  i n  I EC 61 754-7  (a l l  parts).  Plugs  for mu l timode have  flat end  faces,  whereas  s i ng le-
mode p lugs  have  ang led  end  faces  to  m in im ize  back reflection .  These  p lugs  are  keyed  and  
use  a  l arge  rectangu lar p lastic ferru le.  The  p lugs  can  be  e i ther p i nned  or unpinned .  The  MPO 
plugs  re l y on  the  p ins  and  correspond ing  holes  to  a l i gn  the  fi bres.  An  adapter i s  used  for 
further a l i gnment and  to  hold  two  MPO plugs  i n  a  fixed  posi tion  (see  F igure  1 ) .  

 

Figure  1  – MPO connector 

4.2  Keying  and  fibre  posi tions   

Testing  an  i nstal led  optical  fi bre  plant  term inated  wi th  MPO plugs  requ i res  knowledge of the  
i n terface  between  the  test equ ipment and  the  cabl i ng  under test.  I n termateabi l i ty between  1 2-  
and  1 6-fibre  posi ti on  MPO plugs  can  compl icate  testing  as  can  the  number of rows.  There  are  
two d i fferen t fibre  optic i n termateabi l i ty standards:  one  for a  1 2-fibre  posi ti on  MPO plug  as  
defined  i n  I EC 61 754-7-1  and  I EC 61 754-7-2 1 ,  and  another for a  1 6-fibre  pos i ti on  MPO plug  
defined  i n  I EC 61 754-7-3 2  and  I EC  61 754-7-4 3.  The  1 2-  and  1 6-fibre  pos i ti on  MPO plugs  are  
not i n termateable  due  to  keying .  Al though  a  1 2-way connector i s  mechan ical l y i n termateable  
wi th  a  1 2-way connector,  the  number of fibre  rows  con tained  in  each  p l ug  shal l  match .  The  
same is  true  for the  1 6-way connector.  

MPO plugs  can  be  one  of two types:  p i nned  or unpinned .  The  pl ug  in terfaces  are  configured  
as  a  vers ion  wi thou t pi ns  and  another type  wi th  pi ns.  The  unpinned  p lug  i s  i n termateable  wi th  
the  p inned  p lug .  Some p l ugs  can  be  ad justed  for e i ther type.   

  

___________ 

1   Under preparati on .  S tage  at  the  time  of publ i cati on :  I EC  AFDI S  61 754-7-2: 201 7.  

2 Under preparati on .  Stage  at  the  t ime  of publ i cati on :  I EC CDM  61 754-7-3: 201 7.  

3  Under preparati on .  Stage  at  the  t ime  of publ i cati on :  I EC ACD 61 754-7-4: 201 7.  

Unpi nned  p l ug  P inned  pl ug  Adapter 

Backplane  
housing  

Pri n ted  
board  
housing  

IEC 
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The  fi bre  pos i ti ons  i n  an  array p lug  are  referred  to  as  posi ti on  1  th rough  N,  where  N i s  the  

number of fibre  pos i tions  in  the  p lug .  When  viewing  the  p l ug  end -on  wi th  the  key-way on  top,  
posi tion  1  i s  the  l eft-most fibre  posi tion ,  and  N i s  the  right-most fibre  pos i ti on .  Mu l ti -fibre  
cabl ing  and  connectors  can  vary i n  fi bre  posi tions.  Any examples  shown  in  th is  document are  
wi th  1  x  1 2-posi tion  test cords.   

Keying  and  fi bre  pos i tion  a lso  have  a  speci fic  con figuration  on  ang led  physical  con tact (APC)  
MPO p lugs  used  wi th  s ing le-mode mu l ti -fi bre  cabl i ng .  For s i ng le-mode cabl i ng  term inated  wi th  
APC pl ugs,  i t  i s  essentia l  to  know i f key-up/key-up  or key-up/key-down  adapters  and  test 
cords  are  used .   

NOTE  I t  i s  normal  for the  s i ng le-mode  ferru les  to  be  "up  ang led" ,  i . e.  the  h i ghest part  of the  ferru le  i s  on  the  same  
s i de  as  the  key;  however,  i t  i s  a l so  poss ib le  for the  ferru l e  to  be  "down  ang l ed" ,  wi th  the  s l ope  runn ing  the  other 
way.  

4.3  Polari ty 

I EC standards  describing  MPO connectors  can  use  d i fferen t polari ty nomenclature  than  other 
standards  bod ies.  Equ ivalen t polari ty nomenclatures  are  shown  i n  parenthesis  be low:  

•  key-up  to  key-down  ( type  A)  

•  key-up  to  key-up  ( type  B)  

•  key-up  to  key-down ,  pa ir-wise  fl ip  ( type  C)  

For the  sake  of s impl ici ty,  the  type  of polari ty,  A,  B ,  or C  is  used  i n  the  descriptions  below.  

The  polari ty of the  connections  between  the  meter and  source  can  have  several  
configurations  and  can  be  i nd icated  on  the  power meter as  "A",  "B",  and  "C"  or other common  
polari ty types  not s tandard i zed .  I n  some cases,  an  a l ternate  type  i s  necessary.   

For testers  capable  of i den ti fying  polari ty,  the  polari ty i s  shown  on  the  meter when  the  source  
i s  se lected  to  scan  a l l  fibre  posi tions  and  a l l  fi bres  are  connected  properl y or improperl y.  

1 )  One  of three  polari ty types:  The  connections  use  a  standard  method ,  key-up  to  key-down  
(type  A),  key-up  to  key-up  (type  B) ,  or key-up  to  key-down  pai r-wise  fl ip  ( type  C) .  I n  th is  
case,  the  tester shou ld  i den ti fy the  polari ty (see  F igure  2) .  

2)  Unknown  polari ty:  The  connections  do  not use  a  standard  method ,  one  or more  fibres  are  
not connected ,  or the  source  polari ty scanner i s  off.  I n  th is  case,  someth ing  may be  wrong  
wi th  the  cabl ing ,  so  the  tester cannot determ ine  the  polari ty.  However,  a l l  three  cases  do  
not necessari l y i nd icate  an  error i n  the  cabl ing .   

3)  Al ternate  polari ty:  The  connections  are  made  to  a  box wherein  a  breakou t cable ,  a lso  
known  as  a  fan-out cable,  i s  used  (see  F igure  3) .  
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Figure 2  – Polari ty for three  standard  configurations  

 

Figure 3  – Polari ty for a  breakout cord  
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5 Test methods  and  measurements  

5.1  General  

I nstal l ed  optical  fi bre  term inated  wi th  MPO connectors  can  be  tested  us ing  three  known  
methods:  

•  a  specia l i zed  mu l ti -fibre  tester having  an  MPO i n terface  (optical  loss  test  set  – OLTS or 
optica l  time  domain  reflectometer – OTDR);  

•  an  OLTS (or l i ght  source  power meter – LSPM)  wi th  non-MPO  i n terface;  

•  an  OTDR wi th  non-MPO i n terface.  

A red  l i gh t source  or other visual  fau l t l ocator (VFL)  can  a lso  be  used  for con ti nu i ty and  
polari ty testing  bu t cannot be  used  for other measurements .  A vis ib le  l i gh t source  or VFL may 
be  used  to  determ ine  polari ty.  However,  us ing  a  VFL for polari ty i den ti fication  may prove  
d i fficu l t,  especia l l y when  laser safety is  considered ,  because  seeing  wh ich  fi bre  i s  l i t  i n  an  
MPO p lug  involves  looking  d i rectl y i n to  the  pl ug .  

Each  of these  methods  can  test fi bre  i nstal l ations  term inated  wi th  MPO plugs.  The  
implementation  of the  fi rst method  can  have  d i fferen t forms,  wh i le  the  second  and  th i rd  
methods  u ti l i ze  equ ipment typical l y used  to  make measurements  described  i n  I EC  61 280-4-2  
and  I EC  61 280-4-1 .  

5.2  Attenuation   

The attenuation  measurement i nd icates  how much  optical  power is  l ost  in  the  fibre,  
connectors  and  other passive  devices  i n  a  l i nk (see  3. 1 . 2) .  

5.3  Polari ty 

Optica l  fi bre  trunk cabl ing  can  be  configured  i n  d i fferent ways.  Deployment m istakes  are  
common  because  these  d i fferent configurations  requ ire  a  combination  of patch  cords  wi th  
d i fferent polari ty types.  A polari ty test  i s  performed  to  veri fy that connectivi ty wi l l  be  
establ ished  between  the  transm i tters  at one  end  of the  cabl i ng  and  the  receivers  at the  other 
end  and  vice  versa.  

5.4 Length  

Fibre  l eng th  veri fication  can  be  obtained  from  several  methods ,  i nclud ing  cable  sheath  
markings,  i nsta l l ed  cabl ing  documentation ,  j ob  b i l l  of materials ,  propagation  de lay,  or wi th  an  
OTDR.  Cabl i ng  and  trunk l ines  term inated  wi th  MPO plugs  are  typ ical l y of a  known  l eng th  and  
are  label l ed  accord ing ly.  Due  to  the  complexi ty of testing ,  some testers  use  s implex 
measurements,  so  l eng th  i s  determ ined  from  label l i ng  or other documentation .  For duplex 
i nstal lations  where  an  OLTS can  be  used ,  propagation  de lay may sometimes  be  used  for 
l ength  measurements.  However,  th is  requ i res  a  round  trip  measurement where  the  far-end  
tester loops  the  propagation  pu lse  back to  the  source.   

S ince  mu l ti p le  fi bres  term inated  wi th  MPO plugs  are  bund led  together wi th in  cabl ing ,  and  their 
l engths  are  equal  or wi th in  1  %  of each  other due  to  the  he l ical  nature  of some cabl i ng ,  i t  may 
be  adequate  to  measure  the  l eng th  of j ust one  fi bre.  

5.5  Optical  return  loss  and  reflectance  

Optical  components  such  as  fibre,  connectors,  and  spl ices  exh ib i t  various  amounts  of return  
loss  and  reflectance.  Overal l  optical  return  l oss  i ncludes  the  contributions  from  al l  of the  
optical  components  i n  a  l i nk.  Some cabl ing  s tandards  and  transm iss ion  system  standards  
define  a  l im i t for the  reflectance  of i nd ividual  components  (e. g .  connectors)  and  some 
standards  (e. g .  I EEE)  a lso  define  a  l im i t on  the  overal l  return  loss.  
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Optical  retu rn  l oss  may be  importan t for instal l ed  s i ng le-mode  cabl ing .  Th is  i s  because  s ing le-
mode transm ission  systems  may be  more  sens i ti ve  to  back-reflections.  However,  a l l  s i ng le-
mode MPO p lugs  have  APC end  faces  speci fied  wi th  a  typical l y l ow return  l oss  (e. g .  >  50  dB).  
Mu l timode MPO p lugs  term inated  wi th  phys ical  con tact (PC)  end  faces  typica l l y have  h i gh  
return  l oss  (e. g .  20  dB) .  However,  mu l timode  transm ission  systems  are  l ess  sens i ti ve  to  back 
reflections .  I f needed ,  an  OTDR is  capable  of measuring  overal l  cabl i ng  return  l oss  and  the  
d iscrete  return  l oss  of i nd ividual  components  also  known  as  reflectance.   

6 Variations  of test methods  

6.1  General  

The equ ipment used  to  test  i nsta l l ed  fi bre  optica l  cabl i ng  can  have  e i ther an  MPO i n terface  or 
a  non-MPO in terface.  For these  two  types  of testers ,  the  apparatus  can  be  a  l i ght  
source/power meter or an  OTDR.   

For e i ther the  MPO in terface  or non-MPO i n terface  type,  optica l  swi tch ing  and  fan -out 
assembl ies  (e. g .  1  MPO to  1 2  LC p l ug  test cord)  can  be  used  to  expand  testing  to  a  h i gher 
fibre  coun t.  

Testers  wi th  an  MPO i n terface  speci fical l y des igned  for MPO testing  can  be  designed  i n  
d i fferent  ways  and  are  described  herein ;  there  may be  other implementations .  Testers  wi th  a  
non-MPO in terface  can  a lso  be  used  for testing  cabl ing  wi th  MPO term inations;  they are  a lso  
described  herein .  

6.2  Optical  l i ght source  

6.2. 1  General  

The l i gh t source  used  during  LSPM  testi ng  can  be  a  s implex vers ion  (one  fibre  port)  or an  
MPO vers ion  (mu l ti -fibre  port).  I n  general ,  s ince  source  optical  ports  are  coupled  to  a  fi bre,  
e i ther mu l timode  or s i ng le-mode,  d i fferent l igh t sources  are  used  for testi ng  mu l timode or 
s i ng le-mode cabl ing .  Another consideration  when  testing  wi th  the  MPO ported  vers ion  i s  that  
mu l timode  uses  a  fl at  MPO plug  wh i l e  the  s i ng le-mode  vers ion  uses  an  ang led  MPO plug .   

Caution  is  advised  not to  m ix flat and  ang led  MPO plugs,  un less  the  l i gh t  source  i s  des igned  
to  do  so.  Determ ine  whether the  l i gh t source  MPO port i s  p inned  or unpinned  before  
connecting  a  l aunch  cord .  

The  wavelengths  used  for the  measurements  can  be  the  same as  the  wavelengths  used  in  the  
i nsta l l ed  cabl ing ,  such  as  850  nm  and  1  300  nm  for mu l timode and  1  31 0  nm  and  1  550  nm  for 
s i ng le-mode.  

The  characteristics  of the  l igh t sources,  such  as  centre  wavelength ,  spectral  wid th ,  and  
stabi l i ty,  are  found  in  I EC  61 280-4-1 ,  us ing  an  LED,  and  I EC  61 280-4-2.  The  mu l timode  
source  shal l  meet the  enci rcled  fl ux requ i rements  of I EC  61 280-4-1  at the  ou tput of the  test 
cord  that i s  coupled  to  the  l i gh t source.  Th is  can  be  met wi th  commercia l l y avai l ab le  
equ ipment for s ing le  fibre  port  sources.  

6.2.2  Source with  MPO interface  

The l i gh t source  contains  one  or more  em i tters  attached ,  typica l l y fi bre  coupled ,  to  an  MPO  
plug  at the  l i ght sou rce  i n terface  (bu lkhead  connector) .  The  MPO plug  at the  bu lkhead  can  be  
pinned  or unpinned .  For determ in ing  polari ty,  the  l i gh t source  em i ts  power sequentia l l y at  
each  fi bre  posi ti on  from  pos i ti on  1  to  pos i tion  2  to  posi tion  3 ,  etc.  
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6.2.3  Source with  non-MPO interface and  fan-out cable  

The l i gh t source  con tains  one  or two em i tters  attached  to  a  1 , 25  mm  or 2 , 5  mm  ci rcu lar 
ferru led  p l ug  p laced  at the  l i ght sou rce  bu lkhead ;  there  i s  no  MPO  i n terface.  The  non-MPO 
side  of the  breakou t cable  is  connected  to  the  bu lkhead .  The  MPO end  of the  breakout cable  
is  connected  to  the  cabl i ng  under test.  At  the  completion  of each  measurement,  the  non-MPO  
side  of the  breakou t cable  i s  moved  to  the  next posi ti on ,  from  pos i tion  1  to  pos i tion  2 ,  etc.  

6.2.4  Source wi th  non-MPO interface and  optical  swi tch  

The l i gh t source  con tains  one  or two em i tters  attached  to  a  1 , 25  mm  or 2 , 5  mm  ci rcu lar 
ferru led  p lug .  The  ferru led  p lug  is  p laced  at the  l i ght source  bu lkhead .  An  optical  swi tch  is  
connected  to  the  l i gh t source  via  a  non-MPO connectorized  test cord .  The  other port on  the  
optical  swi tch  has  an  MPO i n terface.  An  MPO to  MPO test cord  is  a ttached  between  the  
optical  swi tch  and  the  cabl i ng  under test.   

6.3  Optical  power meter 

6.3. 1  General  

An  optical  power meter (OPM)  wi thout an  MPO compatib le  port sha l l  meet the  requ irements  
for the  power meter (LSPM  methods  on l y)  defined  i n  I EC 61 280-4-1  and  I EC  61 280-4-2.  Th is  
type  of power meter uses  a  s ing le  detector.   

An  optical  power meter wi th  an  MPO compatib le  port shal l  meet the  requ i rements  of the  non-
MPO compatib le  meter defined  in  I EC  61 280-4-1  and  I EC 61 280-4-2 .  The  MPO ported  meter 
shou ld  i n terface  wi th  e i ther a  mu l timode MPO plug  that has  PC end  faces  or a  s ing le-mode 
MPO plug  that has  APC end  faces.  Al though  not as  easy to  use,  i t  i s  acceptable  to  have  
separate  meters  for PC and  APC.  The  MPO end  face  ( i . e.  the  actual  fi bre)  may not be  i n   
con tact wi th  the  detector.  

The  MPO type  power meter shou ld  be  able  to  determ ine  the  pos i tion  (polari ty)  of each  fi bre  
during  testing ,  i n  add i ti on  to  measuring  attenuation .  

Caution  is  advised :  note  i f the  power meter MPO  port  i s  p inned  or unpinned .  

6.3.2  Meter wi th  MPO interface  having  multiple  detectors  

This  meter shou ld  be  ab le  to  determ ine  i nsta l l ed  cabl i ng  polari ty regard less  of the  polari ty of 
the  test cord  connected  to  the  meter.  

The  power meter con tains  mu l ti ple  detectors  attached  to  an  MPO p lug ,  via  optical  fi bres  for 
example,  at the  power meter in terface  (bu lkhead).  The  power meter measures  the  em i tted  
power or attenuation  in  a  sequence  and  a lso  i nd icates  the  polari ty of the  cabl i ng  under test.   

The  MPO type  power meter shou ld  be  able  to  determ ine  i f there  are  absent fi bres.  I n  one  
example,  a  1 2-fibre  MPO  plug  may have  the  m idd le  four fi bres  absent.  I n  another example,  a  
1 2-pos i ti on  MPO p lug  may have  posi tions  1  and  1 2  absent.  

Th is  type  of tester uses  the  1 -cord  or 2-cord  reference method  and  can  automatical l y measure  
attenuation  and  polari ty by re l ying  on  the  sequence  of a  speci fic l i gh t source.  Testi ng  i s  fast  
and  setup  i s  m in imal .  Length  measurements  can  be  supplemented  wi th  a  s ing le-ended  
measurement such  as  wi th  an  OTDR.  An  OTDR can  a lso  be  used  to  measure  reflectance  of 
i nd ividual  connectors  and  optical  return  l oss  of the  enti re  cabl i ng  system .  
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6.3.3  Meter wi th  MPO interface  having  l arge  area  detector 

The power meter con tains  one  l arge  area  detector,  used  i n  typica l  power meters,  wide  enough  
(greater than  5  mm)  to  captu re  received  l i gh t at the  MPO i n terface.  Al ternativel y,  an  
i n tegrati ng  sphere  can  be  used  in  con j unction  wi th  a  smal l er detector.  

The  power meter measures  attenuation  (optica l  power)  from  any fibre  pos i tion  bu t cannot 
d i fferentiate  between  ad j acent fi bre  posi ti ons.  The  sequence of em i tted  l i gh t from  the  source  
cannot be  determ ined .  

Th is  type  of tester uses  the  1 -cord  reference method  and  can  measure  on l y attenuation .  
Length ,  reflectance,  and  optical  return  loss  can  be  measured  wi th  an  OTDR as  a  secondary 
test.  S ince  th is  i s  a  s implex tester,  propagation  de lay cannot be  used  to  measure  fibre  length .   

6.3.4  Meter wi th  non-MPO interface and  fan-out cable  

The power meter contains  one  l arge  area  detector common l y used  i n  typical  power meters.  A 
breakout cord  wi th  a  non -MPO plug  i s  attached  to  the  power meter port.  The  other end  of the  
breakout cord  is  term inated  wi th  an  MPO p lug  that i s  attached  to  the  cabl i ng  under test.  The  
power meter can  then  measure  the  attenuation  (optica l  power)  of each  channel  as  described  
i n  7. 3.   

6.3.5  Meter wi th  non-MPO interface and  optical  switch  

The power meter i s  connected  to  an  optical  swi tch  via  a  non-MPO connectorized  test cord .  
The  other port on  the  optical  swi tch  has  an  MPO i n terface.  An  MPO to  MPO test cord  is  
attached  between  the  optical  swi tch  and  the  cabl i ng  under test.  

Th is  method  may improve test t ime compared  to  us ing  fan-outs.  However,  setti ng  a  reference 
wi th  an  optical  swi tch  on  the  source  s ide  and  power meter s i de  may be  d i fficu l t  or may have  
h igh  uncerta in ty.  

6.4 OTDR 

6.4. 1  General  

The OTDR shou ld  meet the  requ irements  defined  in  I EC  61 280-4-1  for mu l timode and  
IEC 61 280-4-2  for s i ng le-mode as  described  for a  s ing le  connector port.   

When  us ing  an  OTDR,  and  to  comply wi th  some testing  standards,  i t  i s  requ ired  to  add  a  
l aunch  and  tai l  cord  to  the  cabl ing  under test.  The  OTDR can  make tota l  attenuation  
measurements,  provided  that a  l ong  enough  launch  cord  and  ta i l  cord  are  used .  

The  OTDR test can  measure  polari ty i f,  for example,  a  s ing le  fibre  ta i l  cord  is  used  to  i denti fy 
fibre  connectivi ty.  Another poss ib le  way to  i denti fy polari ty i s  to  use  a  mu l ti -fi bre  ta i l  cord  
where  each  fibre  i s  of a  known  d i fferen t l ength ,  for example  fi bre  1  =  1 0  m ,  fibre  2  =  1 5  m ,  
fibre  3  =  20  m .    

6.4.2  OTDR wi th  MPO in terface  

An  OTDR u ti l i zi ng  an  MPO i n terface  wou ld  need  to  em i t optical  power sequentia l l y at the  
MPO in terface  (bu lkhead).  I n  add i ti on ,  a  l aunch  cord  compris ing  mu l tip le  optical  fi bres  wou ld  
need  to  in terface  between  the  OTDR and  the  cabl i ng  under test.  Th is  implementation  may be  
possib le  by us ing  an  optical  swi tch  i nside  the  OTDR.   
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6.4.3  OTDR with  non-MPO interface and  fan-out cable  

To make measurements  wi th  an  OTDR,  attach  the  MPO end  of a  fan-ou t to  the  cabl ing  under 
test.  The  other end  of the  fan-ou t,  typical l y a  p l ug  wi th  a  1 , 25  mm  or 2 , 5  mm  ferru le,  i s  
attached  to  the  OTDR.  The  OTDR executes  a  test wi th  fibre  pos i ti on  1  of the  fan-out.  Next,  
fibre  posi tion  2  on  the  fan-out  replaces  fibre  posi ti on  1  on  the  OTDR port.  The  sequence i s  
repeated  for the  remain ing  fi bre  pos i tions.  Note  that the  fan  ou t assembly i n  th is  scenario  
becomes  the  OTDR l aunch  cord ,  and  therefore  every fibre  in  i t  shal l  meet the  requ irements  of 
an  OTDR launch  cord ,  i . e.  i t  shal l  be  l ong  enough  to  get past the  dead  zone  of the  OTDR and  
g i ve  a  rel i able  stra igh t l i ne  fi t  to  the  trace  of the  fibre  i n  the  l aunch  cord .  

6.4.4  OTDR with  non-MPO interface and  optical  swi tch  

An  OTDR,  wi thout an  MPO in terface,  us ing  an  optical  swi tch  may be  an  improvement over the  
use  of a  fan -out cable .  One  test cord  i s  attached  from  the  OTDR to  the  optical  swi tch  us ing  a  
non-MPO test cord .  The  other port of the  optical  swi tch  is  the  MPO in terface  that couples  an  
MPO to  MPO launch  cord  from  the  swi tch  to  the  cabl ing  under test.   

6.5  Other adaptations  and  accessories  

6.5. 1  Adapters  

Devices  that couple  two  MPO p lugs  are  requ i red  during  testing .  There  are  two  types  of array 
adapters:  opposed  key or key-up  to  key-down  (type  A)  and  a l igned  key or key-up  to  key-up  
(type  B).  I n  the  key-up  to  key-up  type,  both  ends  of the  adapter have  the  key on  the  same  
si de.  For the  key-up  to  key-down  adapter,  the  keys  are  on  opposi te  s i des.    

I EC 61 754-7  (a l l  parts)  provides  i n formation  on  adapters  and  keying  d i fferences.  

6.5.2  Test cords  

Testing  an  i nsta l led  mu l ti -fi bre  network using  MPO connectors  may requ ire  several  types  of 
test cords  to  accommodate  various  test configurations.  The  cabl i ng  under test cou ld  be  
p inned  or unpinned  and  of various  polari ty types.   

The  MPO end  of the  test cord  shou ld  have  low attenuation  ( i . e .  0 , 35  dB)  and  for testing  
s ing le-mode,  i t  shou ld  have  a  h i gh  return  loss  ( i . e.  60  dB)  when  mated  to  another MPO  p lug .  
The  s ing le-fibre  ferru le  end  of fan-out p l ugs  shou ld  be  compatib le  wi th  performance described  
i n  I EC 61 280-4-1  and  I EC 61 280-4-2  for reference grade  connectors .   

The  fol l owing  test cords  are  typ ical l y used  wi th  compatib le  test equ ipment such  as  l i gh t 
sources,  power meters,  OTDRs,  and  optical  swi tches.  The  LSPM  wi th  MPO in terface  are  
assumed  to  be  unpinned  for these  examples.  

•  Fan-ou t (e . g .  breakou t)  cord  wi th  an  MPO p lug  on  one  end  and  1 2  or more  i nd ividual  
s i ng le  fi bre  ferru le  p lugs  (e . g .  LC  or SC  p l ugs)  on  the  other end  – used  when  testi ng  
breakout cassettes  ( i . e.  box wi th  MPO and  non-MPO)  or when  us ing  a  s implex or duplex 
LSPM.  

•  Test reference cord ,  wi th  MPO unpinned  on  both  ends,  key-up  to  key-up  – used  as  the  
l aunch  cord  convers ion  when  us ing  MPO in terfaced  testers  on  type  A,  B ,  or C  cabl ing  that 
are  pi nned  on  each  end .  

•  Test reference cord ,  wi th  MPO unpinned  on  one  end  and  MPO p inned  on  the  other end ,  
key-up  to  key-up  – used  as  the  l aunch  and  receive  cords  when  us ing  MPO i n terfaced  
testers  on  type  A,  B,  or C  cabl ing  that are  p inned  on  one  end  and  unpinned  on  the  other.  

•  Test reference cord ,  wi th  MPO p inned  on  both  ends,  key-up  to  key-up  – used  as  the  
l aunch  and  receive  cords  when  us ing  MPO  in terfaced  testers  on  unpinned  type  A,  B,  or C  
cabl ing .  
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The  fol l owing  appl ies  to  the  preparation  of the  test  cords.  

•  The  cords  shou ld  be  term inated  at one  end  wi th  a  p l ug  su i table  for attachment to  the  l i gh t 
source  and  meter – MPO p lug  for a  tester wi th  an  MPO i n terface  or s ing le  fi bre  ferru led  
p lug  for a  tester wi th  a  non-MPO in terface.  

•  The  fi bre  used  in  the  cord  shou ld  be  protected .  Th is  may be  done  by enclosing  most of the  
l ength  of the  cord  i n  a  container or by us ing  test  cords  that have  a  th ick j acket.  

The  s ing le-fibre  ferru led  end  of the  fan-ou t cords  and  MPO plugs  may be  inspected  us ing  
I EC 61 300-3-35.  

6.5.3  Optical  swi tch   

An  optica l  swi tch  can  be  used  wi th  existi ng  equ ipment that does  not have  an  MPO port.  The  
optica l  swi tch  (MPO swi tch)  may have  a  ci rcu lar,  s i ng le-fibre,  ferru le  i npu t test port  and  an  
MPO output port.  The  tester i s  coupled  to  the  inpu t port  of the  swi tch  us ing  a  test cord .  The  
MPO ou tpu t port i s  coupled  to  the  cabl ing  under test us ing  an  MPO to  MPO test cord  and  an  
appropriate  adapter.  The  tester can  commun icate  wi th  an  external  optical  swi tch  to  select 
fibre  posi tions  au tomatical l y.   

The  advantage  of the  MPO swi tch  i s  that fan-ou ts,  wh ich  typical l y requ ire  re-mating  and  un-
mating  connectors ,  are  not needed .  The  MPO swi tch  is  used  to  advance from  one  fi bre  
pos i tion  to  the  next pos i tion  along  the  MPO  cabl ing  under test.   

6.5.4  Polari ty and  pinned/unpinned  changers  

Some brands  of MPO plugs  are  avai lable  wi th  a  mechan ism  to  change the  polari ty from  a  
“type  A”  to  a  “ type  B”  or vice  versa.  The  polari ty can  be  changed  by removing  the  outer 
hous ing  from  the  p lug ,  rotating  the  housing  1 80° ,  and  re- i nstal l ing  the  housing  on to  the  p lug .   

Some brands  of MPO plugs  are  also  avai lable  wi th  a  mechan ism  to  change  from  pinned  to  
unpinned .  The  p ins  can  be  changed  by removing  the  ou ter housing  from  the  p lug ,  us ing  a  
specia l  tool  i n  the  i nner hous ing  to  s l i de  the  gu ide  p ins  ou t/i n ,  and  re- i nstal l i ng  the  housing  
on to  the  p l ug .  Th is  changes  the  p lug  from  pinned  to  unpinned  or vice  versa.  

Th is  type  of p lug  s impl i fi es  testing  and  reduces  the  convers ions  and  re-mating  wi th  test  cords.  

6.6  Visual  i nspection  

Testing  fi bre  optic cabl ing  term inated  wi th  MPO  plugs  requ i res  the  same  level  of care  as  do  
other fibre  optic p lugs,  speci fical l y i nspecting  and  clean ing .  I EC  61 300-3-35  describes  
methods  for evaluati ng  the  end  face  of a  pol ished  fi bre  optic p lug .  The  enti re  ferru le  surface  of 
the  MPO  plug  shou ld  be  i nspected  for con tam ination .  I f con tam ination  i s  found ,  proper 
clean ing  methods  shou ld  be  used  to  remove the  con tam ination .  Attention  shou ld  be  g iven  to  
clean ing  the  male  MPO  p lug  s ince  unclean  p ins  may cause  mechan ical  i n terference.  

7 Test configurations  

7. 1  General  

Clause  7  describes  two common  practices  for measuring  attenuation  and  polari ty on  i nstal l ed  
cabl i ng  term inated  wi th  MPO plugs.  
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7.2  LSPM  wi th  MPO interface  

When  us ing  test equ ipment having  an  MPO in terface,  for example,  an  LSPM,  the  l i gh t source  
or power meter can  have  a  p inned  or unpinned  MPO bu lkhead  i n terface.  I n  order for the  test 
cords  to  function  wi th  the  cabl ing  under test,  wh i l e  sti l l  us ing  a  l ow-uncertain ty reference 
method ,  the  l igh t source  and  power meter shal l  have  compatib le  p inn ing .  For example,  i f 
testing  cabl i ng  is  term inated  wi th  unpinned  MPO plugs  on  each  end ,  the  l aunch  and  receive  
cords  shal l  be  p i nned  on  the  cabl i ng  i n terface  s ide.  Furthermore,  for the  1 -cord  reference  
method ,  the  meter shal l  be  unpinned  to  accept the  p inned  l aunch  cord  (see  F igure  4  and  
F igu re  5).  I n  the  examples  of F igure  4  and  F igure  5,  the  l i gh t source  and  power meter 
bu lkhead  ports  are  unpinned .  I n  th is  example,  one  test cord  i s  used  to  set  the  reference ( test  
cord  1 ) .  Then ,  test cord  1  i s  d isconnected  from  the  meter and  a  second  test cord  2  i s  
connected  to  the  meter.  

 

Figure 4 – Reference connections  for cabl ing  wi th  unpinned  MPO plugs  

 

Figure 5  – Connections  for measurements  on  type A cabl ing   
wi th  unpinned  MPO connectors  

Whi le  there  are  various  methods  of testing  cabl i ng  term inated  wi th  MPO p lugs,  the  method  
that can  au tomatica l l y determ ine  polari ty may be  easier to  use  than  other methods.  The  mu l ti -
fibre  optical  power meter and  source  can  be  used  to  measure  the  polari ty of MPO cords  and  
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cabl i ng  i f the  s i gnals  from  the  source  to  the  power meter i nclude  fi bre  posi tion  
synchron ization .  The  power meter can  then  determ ine  the  polari ty of the  i nstal led  cabl i ng .  I t  i s  
a lso  advantageous  i f the  testing  i s  agnostic,  i . e .  the  testing  does  not requ i re  a  speci fic polari ty 
of the  test cord  or cabl ing  under test.  

Testing  i nstal l ed  cabl i ng  wi th  equ ipment cords  may be  rare  bu t a lways ,  when  configured  
correctl y,  produces  a  type  B  polari ty i ndependent of what the  polari ty may be  wi thout the  
equ ipment cords.  The  polari ty i s  defined  by the  fibre  posi tion  from  the  l igh t source  to  the  
power meter.   

7.3  LSPM  wi th  non-MPO interface and  fan-outs   

This  tester i s  a  l i ght source/power meter trad i ti onal l y used  to  measure  i nstal l ed  cabl i ng  wi th  
non-MPO term inated  fi bre  (the  tester can  be  an  OLTS).  The  l ight source  con tains  one  or two  
em i tters  attached  to  a  1 , 25  mm  or 2 , 5  mm  ferru led  p lug .  The  power meter contains  one  l arge  
area  detector.   

Testi ng  starts  by fi rst setting  a  reference us ing  the  1 -cord  method ,  attach ing  receive  cords  to  
the  power meter i nputs,  then  veri fying  a  fie ld  cal ibration  cord .  Th is  i s  a lso  cal l ed  a  
"substi tu tion  cord "  and  i s  used  during  the  3-cord  reference method  (see  F igure  6) .  

The  next s tep  i s  to  remove the  substi tu tion  cord  and  attach  the  fi rst p lug  of the  fan -out  cords  
to  the  launch  and  receive  cords  of both  test sets.  The  MPO in terface  of the  fan-ou ts  is  then  
attached  to  the  fi bre  cabl i ng  under test.  The  testers  are  then  moved  to  the  next connectors  on  
the  non-MPO  s ide  of the  fan-ou ts  (see  F igure  7).  

The  tester can  adapt to  abnormal  designs ,  and  the  method  works  for mu l timode and  s ing le-
mode i nstal l ations.  However,  the  setup  i s  cumbersome,  the  user shal l  understand  polari ty,  
and  testi ng  is  time consum ing .   

 

Figure 6  – Reference connections  for tester wi th  non-MPO plugs  
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Figure 7  – Connections  for tester wi th  non-MPO plugs  
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4 Under preparati on .  S tage  at  the  time  of publ i cati on :  I EC  AFDI S  61 754-7-2: 201 7.  

5 Under preparati on .  S tage  at  the  time  of publ i cati on :  I EC CDM  61 754-7-3: 201 7.  

6 Under preparati on .  Stage  at  the  t ime  of publ i cati on :  I EC ACD 61 754-7-4: 201 7.  
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