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FOREWORD 

1 )  The  I n ternati onal  E l ectrotechn ical  Commissi on  ( I EC)  i s  a  worl dwide  organ izati on  for s tandard i zati on  compri s i ng  
a l l  nati onal  e l ectrotechn ical  commi ttees  ( I EC  National  Commi ttees) .  The  ob ject  of I EC  i s  to  promote  
i n ternati onal  co-operati on  on  a l l  q uesti ons  concern ing  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 ternati onal  S tandards,  Techn ica l  Speci fi cati ons,  
Techn ica l  Reports,  Pub l i cl y Avai l abl e  Speci fi cati ons  (PAS)  and  Gu i des  (hereafter referred  to  as  
“ I EC  Publ i cati on (s)”) .  Thei r preparati on  i s  en trusted  to  techn ical  commi ttees;  any I EC  Nati onal  Commi ttee  
i n terested  i n  the  sub ject  deal t  wi th  may parti ci pate  i n  th i s  preparatory work.  I n ternational ,  governmental  and  
non -governmen ta l  organ i zati ons  l i a i s i ng  wi th  the  I EC  a l so  parti ci pate  i n  th i s  preparati on .  I EC  col l aborates  
cl osel y wi th  the  I n ternati onal  Organ izati on  for S tandard i zati on  ( I SO)  i n  accordance  wi th  cond i ti ons  determ ined  
by ag reemen t between  the  two  organ i zati ons.  

2 )  The  formal  deci s ions  or ag reemen ts  of I EC  on  techn ical  matters  express,  as  nearl y as  possib le ,  an  i n ternati onal  
consensus  of op i n i on  on  the  re l evan t  subjects  s i nce  each  techn ical  commi ttee  has  represen tati on  from  a l l  
i n terested  I EC  Nati onal  Commi ttees.   

3 )  I EC  Pub l i cati ons  have  the  form  of recommendati ons  for i n ternati onal  u se  and  are  accepted  by I EC  Nati onal  
Commi ttees  i n  that sense.  Wh i l e  a l l  reasonable  efforts  are  made  to  ensu re  that  the  techn i ca l  con ten t  of 
I EC  Publ i cati ons  i s  accu rate,  I EC  cannot  be  he l d  responsib l e  for the  way i n  wh i ch  they are  u sed  or for any 
m is i n terpretati on  by any end  u ser.  

4 )  I n  order to  promote  i n ternationa l  u n i formi ty,  I EC  Nati onal  Commi ttees  undertake  to  app l y I EC  Publ i cati ons  
transparen tl y to  the  maximum  exten t  possi b l e  i n  thei r nati ona l  and  reg i onal  pub l i cati ons.  Any d i vergence  
between  any I EC  Publ i cati on  and  the  correspond i ng  nati ona l  or reg ional  pub l i cati on  shal l  be  cl earl y i n d i cated  i n  
the  l a tter.  

5)  I EC  i tsel f does  not  provi de  any attestati on  of con form i ty.  I ndependen t  certi fi cati on  bod ies  provi de  conform i ty 
assessmen t services  and ,  i n  some  areas,  access  to  I EC  marks  of conform i ty.  I EC  i s  not  responsib le  for any 
services  carri ed  ou t  by i ndependen t  certi fi cati on  bod ies.  

6 )  Al l  u sers  shou ld  ensu re  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  a ttach  to  I EC  or i ts  d i rectors,  employees,  servan ts  or agen ts  i ncl ud i ng  i nd i vi dual  experts  and  
members  of i ts  techn i cal  commi ttees  and  I EC  Nati onal  Commi ttees  for any persona l  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 cati on ,  u se  of,  or re l i ance  upon ,  th i s  I EC  Publ i cati on  or any other 
I EC  Publ i cati ons.   

8)  Atten ti on  i s  d rawn  to  the  Normati ve  references  ci ted  i n  th i s  publ i cati on .  U se  of the  referenced  pub l i cati ons  i s  
i n d i spensable  for the  correct appl i cati on  of th i s  publ i cati on .  

9)  Atten ti on  i s  d rawn  to  the  poss ib i l i ty that some  of the  e l emen ts  of th i s  I EC  Publ i cati on  may be  the  subj ect of 
paten t ri gh ts .  I EC  shal l  n ot  be  he l d  responsib l e  for i den ti fyi ng  any or a l l  such  paten t  ri gh ts .  

I n ternational  Standard  IEC  62572-3  has  been  prepared  by subcommi ttee  86C:  F ibre  optic 
systems  and  active  devices  of I EC  techn ical  commi ttee  86:  F ibre  optics.  

Th is  th i rd  ed i tion  cancels  and  replaces  the  second  ed i tion  publ ished  in  201 4.  Th is  th i rd  ed i tion  
consti tu tes  a  techn ical  revision  i n  wh ich  errors  i n  Table  1  and  Table  2  have  been  corrected .  

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

CDV Report  on  voti ng  

86C/1 302/CDV 86C/1 345/RVC 

 
Fu l l  i n formation  on  the  voting  for the  approval  of th is  standard  can  be  found  i n  the  report on  
voting  i nd icated  i n  the  above  table.  
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Th is  publ ication  has  been  d rafted  i n  accordance  wi th  the  ISO/IEC  Di rectives,  Part 2 .  

A l i st  of a l l  parts  i n  the  I EC  62572  series,  publ ished  under the  general  ti tl e  Fibre optic active 
components and devices – Reliability standards,  can  be  found  on  the  IEC websi te.  

The  commi ttee  has  decided  that the  con ten ts  of th is  publ ication  wi l l  remain  unchanged  un ti 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  
related  to  the  speci fic  publ ication .  At th is  date,  the  publ ication  wi l l  be   

•  reconfi rmed ,  

•  wi thd rawn ,  

•  replaced  by a  revised  ed i ti on ,  or 

•  amended .  

A b i l i ngual  version  of th is  publ ication  may be  i ssued  at  a  l ater date.  

 

 

Copyright International  Electrotechnical  Commission  



I EC  62572-3: 201 6  © I EC 201 6  – 5  – 

I NTRODUCTION  

The  l aser modu les  covered  by th is  I n ternational  Standard  are  purchased  by system  suppl iers  
(SS)  to  be  inserted  i n  equ ipment,  wh ich  i n  tu rn  are  suppl ied /sold  to  a  system  operator (SO)  or 
a  network operator (see  defin i tions  in  C lause  3).  

For the  system  operator to  act as  an  i n formed  buyer,  he/she  shou ld  have  knowledge  of the  
poten tia l  ri sks  posed  by the  use  of cri tical  components.  

Optoelectron ic component technology i s  con tinu ing  to  develop.  Consequently,  during  product 
development phases,  many fa i l u re  mechan isms i n  l aser modu les  have  been  identi fied .  These  
fa i l u re  mechan isms,  i f undetected ,  cou ld  resu l t  i n  very short l aser l i fetime  i n  system  use.  
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FIBRE OPTIC ACTIVE COMPONENTS AND DEVICES –  
RELIABILITY STANDARDS –  

 
Part 3:  Laser modules  used  for telecommunication  

 
 
 

1  Scope 

Th is  part  of I EC  62572  deals  wi th  rel iabi l i ty assessment of l aser modu les  used  for 
te lecommun ication .  

The  a im  of th is  standard  i s  

– to  establ i sh  a  standard  method  of assessing  the  rel iabi l i ty of l aser modu les  i n  order to  
m in imize  ri sks  and  to  promote  product development and  rel iabi l i ty;  

– to  establ ish  means  by wh ich  the  d istribu tion  of fa i lu res  wi th  time  can  be  determined .  Th is  
shou ld  enable  the  determination  of equ ipment fa i l u re  rates  for speci fied  end  of l i fe  cri teria.  

I n  add i tion ,  gu idance  i s  g iven  i n  I EC TR 62572-2.  

2  Normative references  

The  fol lowing  documents,  i n  whole  or i n  part,  are  normatively referenced  in  th is  document and  
are  i nd ispensable  for i ts  appl ication .  For dated  references,  on ly the  ed i tion  ci ted  appl ies.  For 
undated  references,  the  l atest ed i tion  of the  referenced  document ( i nclud ing  any 
amendments)  appl ies.  

I EC  60068-2-1 ,  Environmental testing – Part 2-1 :  Tests – Test A: Cold 

I EC  60068-2-1 4,  Environmental testing – Part 2-14: Tests – Test N: Change of temperature  

I EC  60749-6,  Semiconductor devices – Mechanical and climatic test methods – Part 6: 
Storage at high  temperature  

I EC  60749-8,  Semiconductor devices – Mechanical and climatic test methods – Part 8: 
Sealing  

I EC  60749-1 0,  Semiconductor devices – Mechanical and climatic test methods – Part 10: 
Mechanical shock 

I EC  60749-1 1 ,  Semiconductor devices – Mechanical and climatic test methods – Part 11 : 
Rapid change of temperature – Two-fluid-bath  method 

I EC  60749-1 2 ,  Semiconductor devices – Mechanical and climatic test methods – Part 12: 
Vibration,  variable frequency 

I EC  60749-25,  Semiconductor devices – Mechanical and climatic test methods – Part 25: 
Temperature cycling 

I EC  60749-26,  Semiconductor devices – Mechanical and climatic test methods – Part 26: 
Electrostatic discharge (ESD)  sensitivity testing – Human body model (HBM)   
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I EC  TR 62572-2,  Fibre optic active components and devices – Reliability standards – Part 2:  
Laser module degradation  

M I L-STD-883,  Test method standard – Microcircuits  

3  Terms,  defin i tions,  symbols  and  abbreviations  

3.1  Terms  and  defin i tions  

For the  purposes  of th is  document the  fol lowing  defin i tions  apply.  

3.1 .1   
l aser modu le  
packaged  assembly con tain ing  a  l aser d iode  wi th /wi thou t photod iode  

Note  1  to  en try:  The  modu l e  may a l so  i ncl ude  a  cool er and  temperatu re  sensor to  enable  l aser temperatu re  to  be  
con trol l ed  and  mon i tored .  The  opti ca l  ou tpu t  i s  normal l y vi a  an  opti ca l  fi bre  p i g ta i l .  

3.1 .2   
submount 
substrate  upon  wh ich  a  l aser d iode  or photod iode  may be  mounted  for assembly i n to  the  laser 
modu le  

Note  1  to  en try:  Components  on  submoun ts  are  a l so  sub ject  to  qual i fi cati on  testi ng .  

3.1 .3   
l aser modu le  manufacturer  
LMM  
manufacturer of l aser modu les  who  provides  devices  meeting  the  requ i rements  of the  re levant 
detai l  speci fication  (DS)  and  the  customer’s  rel iabi l i ty requ i rements  

3.1 .4  
network operator  
NO 
organ ization  wh ich  operates  a  te lecommun ications  network 

3.1 .5   
system  suppl ier  
SS 
manufacturer of te lecommun ications/data  transmission  equ ipment contain ing  optoelectron ic 
semiconductor l asers  

Note  1  to  en try:  The  system  suppl i er can  be  a  l aser modu l e  customer.  

3.1 .6   
system  operator  
SO 
network operator of te lecommun ications/data  transmission  equ ipment contain ing  opto-  
e lectron ic semiconductor l asers  i n  the  transmission  path  

Note  1  to  en try:  The  system  may a l so  be  part  of other more  extensive  systems,  for example  te l ecommun icati ons,  
ra i l ,  road  veh i cl es ,  aerospace  or weapons.  

3.1 .7   
capabi l i ty qual i fying  components   
CQC 
components  selected  to  represent cri tical  stages  of the  process  and  l im i ting  or boundary 
characteristics  of mechan ical  and  e lectro-optic design  
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Note  1  to  en try:  Such  componen ts  shou ld  a i d  the  i d en ti fi cati on  of end  product  fa i l u re  mechan isms  to  enab l e  the  
determ inati on  of acti vati on  energ ies.  

3.2  Symbols  and  abbreviations  

TA   m in imum  storage  temperature  

TB   maximum  storage  temperature  

Tc  modu le  case  temperature  

Ts   submount temperature  

Ts  nom   recommended  submount temperature  

Top  m i n   modu le  m in imum  operating  temperature  

Top  max   modu le  maximum  operating  temperature  

Tstg  m i n  modu le  m in imum  storage  temperature  

Tstg  max   modu le  maximum  storage  temperature  

Qc test for g ross  leak detection  

Qk   test for fi ne  leak detection  

p  period ici ty ( in  months)  

n  sample  s ize  

CA capabi l i ty approval  

CQC capabi l i ty qual i fying  components  

DS  detai l  speci fication  

LMM  laser modu le  manufacturer 

ML med ian  l i fe  

NO network operator 

QA qual i ty approval  

QIP  qual i ty improvement programmes 

RGA residual  gas  analysis  

SO system  operator 

SS  system  suppl ier 

4 Laser rel iabi l i ty and  qual i ty assurance procedure  

4.1  Demonstration  of product qual i ty 

Th is  standard  (where  requ i red  by the  speci fication )  g ives  the  m in imum  mandatory 
requ i rements  and  i s  part of a  tota l  l aser rel iabi l i ty and  qual i ty assurance  procedure  adopted  
by the  laser modu le  manufacturer.  

I t  a l so  provides  gu idance  on  the  activi ties  of system  suppl iers  and  system  operators  and  
provides  feedback on  fi eld  performance  to  l aser modu le  manufacturers  and  system  suppl iers.  

The  laser modu le  manufacturer shal l  be  capable  of demonstrating ,  by means  of qual i fication  
approval  of devices,  technology approval  or capabi l i ty approval  of the  manufacturing  process,  
the  fol l owing :  

a)  a  documented  and  aud i ted  manufacturing  process  includ ing  the  qual i fi cation  of purchased  
components  i n  accordance  wi th  an  i n ternational ly recogn ized  qual i ty management system;  

b)  a  performance  qual i fication  programme,  i nclud ing  for example,  accelerated  l i fe  testing ,  
burn-in  and  screen ing  of components  and  modu les;  

c)  a  qual i fi cation  main tenance  programme to  ensure  con tinu i ty of rel i abi l i ty performance;  

Copyright International  Electrotechnical  Commission  



I EC  62572-3: 201 6  © I EC 201 6  – 9  – 

d )  a  procedure  to  provide  feedback on  re l iabi l i ty i ssues  to  development and  production .  

4.2  Testing  responsibi l i ties  

4.2 .1  General  

The  testi ng  detai led  i n  Table  1  and  Table  2  i s  to  be  performed  by the  laser modu le  
manufacturer and  component suppl iers  (where  appl icable).  Add i tional  testi ng  may be  
speci fied  i n  the  speci fication .  

4.2.2  Recommendation  appl icable  to  laser customer/system  suppl ier 

The  system  suppl ier i s  recommended  to  have  a  programme to  analyse  and  veri fy the  resu l ts  
i nclud ing  fai lu re  analysis.  Th is  programme includes  an  i ndependent l i fe  test of fu l l y packaged  

l aser modu les  (see  Table  2 ,  test 1  and /or test 2  and  3  and /or test 5  (sample  s ize  >1 0  per 
test)) .  

4.2.3  Recommendation  appl icable  to  system  operator 

The  system  operator i s  recommended  to  have  a  programme to  mon i tor and  report fiel d  fa i l u re  
rates  i n  su fficien t detai l  to  enable  the  system  suppl ier and  laser modu le  manufacturer to  
i n i tiate  any necessary corrective  actions  at an  early stage  i n  the  l i fetime  of a  product.  

Suppl iers  may have  d i fferen t approaches  ( i . e .  to  re l iabi l i ty concepts)  during  the  development 
of product maturi ty,  and  resource  l im i tations  may d ictate  testing  strateg ies.  

Al ternative  tests  and  activi ties  to  those  speci fied  are  permi tted ,  provided  the  LMM/SS/SO can  
show in ten t to  remove  end-product fa i lu res  and  the  associated  fa i l u re  mechan isms.  However,  
th is  wi l l  requ i re  s ign i ficant data  to  substan tiate  compl iance.  

4.3  Qual i ty improvement programmes  (QIPs)  

Qual i ty improvement programmes  (QIPs)  shal l  be  i n i tiated  wi th  component suppl iers  and  
customers  (SOs,  SSs  and  LMMs)  to  address  non-compl iances  ( includ ing  qual i ty and  rel iabi l i ty 
problems  iden ti fied  during  subsequent service  l i fe  of the  l aser) .  The  correction  of non-
compl iances  and  subsequent QIPs  are  a  requ i red  strategy to  m in imize  rel iabi l i ty ri sks.  The  
operation  of QIPs  shou ld  be  stated  in  the  qual i ty approval  (QA)  generic and  capabi l i ty 
approval  documents.  

5 Tests  

5.1  General  

The  tests  described  in  Table  1  and  Table  2  are  designed  to  accelerate  the  main  fa i l u re  
mechan isms known  to  be  re l iabi l i ty hazards  i n  l aser modu les  and  shal l  fol low the  gu idance  
from  IEC  TR 62572-2.  Where  appropriate,  the  CQC shal l  demonstrate  an  abi l i ty to  reduce  end  
product fa i l u re  mechan isms.  F inal  product val idation  i s  requ i red  to  demonstrate  that CQCs  are  
operating  at the  boundaries  of the  process  or technology.  These  tests  wi l l  reduce  the  ri sk of 
unrel iable  components  en tering  system  use  and  wi l l  enable  estimates  to  be  made  of the  
d istribu tion  of l aser l i fetimes  and  hence  the  laser fa i lu re  rates.  

The  sample  s ize  and  l evel  of testing  may vary depend ing  on  the  business  volume  between  the  
l aser customer/system  suppl ier (SS)  and  laser modu le  manufacturer (LMM).  Th is  i n formation  
wi l l  be  g iven  i n  the  capabi l i ty approval  (CA)  document and  the  speci fication  where  appropriate.  

I t  i s  essen tia l  that the  lasers  evaluated  are  enti rely representative  of standard  production  
devices  and  have  passed  a l l  the  production  and /or speci fied  (where  appl icable  i n  the  
speci fication)  burn-in  and  screen ing  procedures.  
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Table 1  – Initial qualification 

These  tests  wi l l  normal l y be  performed  by the  laser manufacturer as  part of an  i n i tia l  
qual i fication  programme.  

Table 2 – Maintenance of qualification 

These  tests  cover period ic mon i toring  performed  on  production  devices  to  ensure  that the  
qual i ty and  rel i abi l i ty performance  establ ished  during  i n i tia l  qual i fi cation  i s  main tained  or 
improved .  

5.2  Structural  s imi lari ty 

Where  a  range  of l aser modu les  i s  produced  by a  l aser manufacturer,  there  may be  some  
s ign i fican t structural  s im i lari ty between  d i fferen t type  codes.  A combination  of resu l ts  from  
d i fferen t test programmes,  where  appropriate,  i s  therefore  permi tted .  

Consideration  shou ld  be  g iven  to  the  fact that m inor d i fferences  i n  technology or processing  
can  have  a  major impact on  rel iabi l i ty,  wh i lst not being  apparen t du ring  qual i ty assessment.  

Evidence  shal l  be  presented  wh ich  demonstrates  that a l l  resu l ts  are  d i rectl y re levant.  

5.3  Burn-in  and  screening  (when  appl icable  in  the  specification)   

NOTE  See  I EC  TR 62572-2 .  

The  screen ing  test shou ld  be  designed  by the  l aser modu le  manufacturer speci fical l y for h is  
particu lar technology.  Any approach  based  on  s im i lari ty to  that wh ich  i s  performed  by other 
manufacturers  i s  good  for comparison  purposes,  bu t can  be  i neffective  i n  ach ieving  the  actual  
screen ing  goal .  Th is  i s  particu larly true  for fibre  optic components  whose  technology i s  not yet 
mature  and  varies  s i gn i fican tly from  suppl ier to  suppl ier.  

Where  a  manufacturer can  demonstrate  component and  process  stabi l i ty,  screen ing  
procedures  may be  revised .  

Table  1  – In i tial  qual i fication  (1  of 3)  

Test 
no.  

Test  References  Cond i tions  n  

1  I n i ti a l  endu rance  test      

1 . 1  a )  Modu l e  wi th  
thermoelectri c  cool er 

 Φ
e
 speci fi ed ,  constan t  power 

Temperatu re:  T
c  =  Top  max 

 T
s  =  Ts  n om  

Du rati on :  5  000  h
 a  

25  

1 . 2  b)  Modu l e  wi thou t  
thermoelectri c  cool er 

 Φ
e
 speci fi ed ,  constan t  power  

Temperatu re:  T
c
 =  T

op  max 

Duration :   5  000  h
 a  

25  

1 . 3  Laser d i ode  (submoun t)   Temperatu re:  at  l east  two   
test  temperatu res:   

Φ
e
 speci fi ed ,  constan t  power 

 

   T
s1  =  Ts  max See  footnote  

d  

   T
s2  ≤  (Ts1  –20)  °C  or  

T
s2  ≤  (Ts1  –1 0)  °C  i f appl i cable  

Du ration :  >  5  000  h  

See  footnote  
d  
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Table  1  (2 of 3)  

Test 
no.  

Test References  Cond i tions  n  

1 . 4  Photod iode  
( i n  represen tati ve  
package)  

 Temperatu re:  at  l east  two   
test  temperatu res:   

V
r
 or l

r
 speci fi ed  

 

   T
s1  =  1 25  °C  m in  b  See  

footnote  d  

   T
s2  ≤  (Ts1

 –  30  °C)  

Du rati on :  >  1  000  h  

See  
footnote  d  

1 . 5  H i gh  temperatu re  s torage  
of the  thermoelectri c  
cool er 

 T =  T
stg  max

 o f the  cooler 

Du rati on :  1  000  h  

25  

1 . 6  Power cycl e  tests  cool ed  
devi ces  

 N umber of cycles :  20  K 

T
c  =  Top  max

 

T
s  =  Tc

 to  (T
c
 –  ∆T

max
)  

25  

1 . 7  H i gh -temperatu re  s torage  
of the  thermal  sensor 

 T =  T
stg  max

 o f the  sensor 25  

2  F i bre  test     

2 . 1  F i bre  proof test   Proof test  d   

Du rati on  d   

M i n .  bend  rad i us  d   

1 0  

2 . 2  F i bre  reten ti on     

2 . 2 . 1  F i bre  pu l l   F i bre  pu l l  d   1 0  

2 . 2 . 2  S i de  pu l l   S i de  pu l l  d    

3  Change  of temperatu re   See  footnotes  c  and  d   

3 . 1  Rapi d  change  of 
temperatu re  

I EC  60749-1 1  Temperatu re:  

T
A  =  Tstg  m in

 

T
B  =  Tstg  max

 

N umber of cycles  =  50  

1 0  

3 . 2  Temperatu re  cycl i ng  I EC  60749-25  

I EC  60068-2-1 4  

Temperatu re:   

T
A  =  Tstg  m in

 

T
B  =  Tstg  max  

>  1  °C/min  

Number of cycles  =  500  

1 0  

4  Seal i ng  I EC  60749-8  See  footnote  d   

Test  Qk fol l owed  by Test  Qc 

See  footnotes  c  and  d  and  Cl ause  A. 6  

1 0  

5  Shock and  vi brati on   See  Cl ause  A. 7   

5 . 1  Shock I EC  60749-1 0  5  000  m/s
2
,  0 , 5  ms  wi th /wi thou t  

thermoelectri c  cooler,   
1 5  000  m/s

2
,  0 , 5  ms  wi thou t  

thermoelectri c  
cool er (where  appropriate)  

6 -d i recti ons,  5  t imes  each  

1 0  

5 . 2  Vi brati on  I EC  60749-1 2  20  H z to  2  000  Hz,  200  m/s
2
,   

3 -d i recti ons,  30  m i n  each  

1 0  
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Table  1  (3 of 3)  

Test 
no.  

Test References  Cond i tions  n  

6  H i gh  temperatu re  s torage  
(not  appl i cabl e  i f modu l e  l i fe  
test  performed  at  equ ival en t 
case  temperature  and  
submoun t  temperatu re)  

I EC  60749-6  Temperatu re:  T =  Ts tg  max
 

Du ration :   >  2  000  h  

(See  I EC  TR 62572-2)  

1 0  

7  ESDS,  modu les  

a)  Lasers  

b)  Photod iodes  

I EC  60749-26  Human  body model ,  see  Cl ause  A. 9  

5  d i scharges/test  vol tage,  charge-

d i scharge  cycl e  >  0 , 1  s  

5  per wafer 

8  Resi dual  gas  ana l ys i s  M I L-STD-883,  
Method  1 01 8  

See  footnote  d  

See  Cl ause  A. 1 0  

6  

9  Low-temperature  s torage  I EC  60068-2-1  T =  T
stg  m i n

 

Du rati on :  >  1  000  h  

1 0  

a  Provi ded  data  abou t  the  d i stri bu ti on  of wear-ou t  l i fetime  i s  accumu lated  wi th  su ffi ci en t  accu racy.  Provi s i onal  
approval  for product  sh i pmen t sha l l  be  g ran ted  at  2  000  h .  I t  i s  a l so  recommended  to  con ti nue  the  test  u n ti l  
accu rate  extrapol ati on  of l i fetime  i s  possib l e  wi th  an  upper l im i t  of 1 0  000  h .  Du rati ons  up  to  5  000  h  may be  
needed  for accu rate  l i fe time  pred icti on .  

b  Or as  l im i ted  by technology.  

c  Resu l ts  from  tests  1 . 1  and  1 . 2  sha l l  be  supp l emen ted  by a  l aser customer/SS  i ndependen t  test  of fu l l y  

packaged  modu l es  i n  accordance  wi th  Tabl e  2 ,  test  2  and /or test  3  (sample  s i ze  ≥  1 0  per test) .  See  a l so  4 . 2 .  

d  N umber of samples  and  cond i ti ons  shal l  be  determined  by a  l aser customer/SS  and  LMM.  
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Table  2  – Maintenance  of qual i fication  (1  of 2)  

Test 
no.  

Test  References  Cond i tions  n  p  

1  Ongoi ng  re l i abi l i ty test   Peri od ic  testi ng :  See  NOTES  6  

a)  Modu l e  (cool ed )   Test  1 . 1  1 0   
b )  Modu l e  (uncooled )   Test  1 . 2  1 0  

c)  Laser diode (submount)  Test  1 . 3  25  a  

d )  Photod iode   Test  1 . 4  25  a  

2  Temperatu re  cycl i ng  I EC  60749-25  

I EC  60068-2-1 4  

Temperatu re:  

T
A
 =  T

stg  m i n
 

T
B
 =  T

stg  max 

>  1  °C  /m i n  

Peri od ic  testi ng :  number 
of cycles  =  1 00  (see  
NOTE  1  )  

1 0  6  

3  Sea l i ng  I EC  60749-8  See  NOTE  2  

Test  Qk fol l owed  by 
Test  Qc 

See  NOTES  and  Cl ause  
A. 6  

1 0  6  

4  Shock and  vi brati on   See  NOTES  and  Cl ause  
A. 7  

  

4 . 1  Shock I EC  60749-1 0  5  000  m /s
2
,  0 , 5  ms  

wi th /wi thou t  
thermoelectri c  cool er,  

1 5  000  m/s
2
,  0 , 5  ms  

wi thou t  thermoelectri c  
cool er (where  
appropri ate),  

6 -d i recti on ,  5  t imes  each  

1 0  1 2  

4 . 2  Vi brati on  I EC  60749-1 2  20  Hz  to  2  000  Hz,  200  
m/s

2
  

3 -d i recti on ,  30  m i n  each  

1 0  1 2  

5  H i gh  temperature  
s torage  (not  appl i cable  i f 
modu l e  l i fe  test  
performed  at  equ ival en t 
case  temperature  and  
submoun t  temperatu re)  

I EC  60749-6  Temperatu re:  

T =  Tstg  max  

Du rati on :  >  2  000  h  

Peri od ic  testi ng :  see  
NOTES  (See  I EC  TR 
62572-2)  

1 0  1 2  

6  ESDS,  modu les  

a)  Lasers  

b)  Photod iodes  

I EC  60749-26  Peri od ic  testi ng :  see  
C l ause  A. 9  

H uman  body model  

5  d i scharges/test  vol tage,  

Charge-d i scharge  cycle  >  
0 , 1  s  

5  per wafer  
1 2  

7  Resi dual  gas  ana l ys i s  M I L-STD-883,  
Method  1 01 8  

See  NOTE  2  

Peri od ic  testi ng :   
see  NOTES  and  C l ause  
A. 1 0  

See  NOTE  2  6  

NOTE  1  Resu l ts  of test  2  are  suppl emen ted  by a  l aser customer/system  suppl i er (SS)  i ndependen t  test  of fu l l y  

packaged  modu l es  i n  accordance  wi th  Tabl e  2 ,  test  2  and /or test  3  and /or test  5  (sample  s i ze  ≥  1 0  per test) .  See  
a l so  4 . 2 .  

NOTE  2  Number of samples  and  cond i ti ons  are  determ ined  by a  l aser customer/SS  and  LMM.  

a   Ou t  of d i fferen t wafers .  
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6 Activi ties  

6.1  Analysis  of rel iabi l i ty resu l ts  

The  laser modu le  customer/system  suppl ier (SS)  shal l  have  a  programme to  analyse  and  
veri fy a  l aser manufacturer’s  rel iabi l i ty cla ims.  I n  particu lar 

– l i fe  test data  for the  complete  l aser modu le,  

– l i fe  test data  for i n i tia l  components,  for example  laser d iode  and  photod iode,  

– envi ronmental  test resu l t,  i . e .  i nspection  requ i rements  g roup  B,  C  of the  detai l  
speci fication ;  

– where  appropriate,  the  data  and  test resu l ts  of appropriate  CQCs  (see  Clause  5).  

The  analysis  of resu l ts  shou ld  l ead  to  reporting  of the  laser modu le  rel i abi l i ty parameters  for 
each  of the  laser modu le  types.  M in imum  rel iabi l i ty parameters  are  presented  i n  Table  3 .  

Where  data  reveals  more  than  one  wear-ou t mechan ism,  med ian  l i fe  and  d ispersion  i n  each  
case  shal l  be  stated .  

The  fai lu re  cri teria  used  to  derive  these  rel i abi l i ty parameters  shal l  be  agreed  between  the  
l aser customer/system  suppl ier (SS)  and  laser modu le  manufacturer (LMM).  The  cri teria  wi l l  
be  stated  i n  the  detai l  speci fication  (see  I EC  TR 62572-2).  

Table  3  – Performance for laser module  rel iabi l i ty parameters  

Parameter Measured  value  

Med ian  l i fe  (ML)  at  25  °C  or 55  °Ca  Years  

D i spersi on (s)   

Wear-ou t fa i l u re  rate   

a t  5  years  (λ)5  F I Ts  

at  1 0  years  (λ)1 0  F I Ts  

at  20  years  (λ)20  F I Ts  

Wear-ou t acti vati on  energy eV 

Random  fa i l u re  rate   

(λa)  a t  25  °C
b  F I Ts  

Con fi dence  l im i ts  used  %  

Random  fa i l u re  acti vati on  energy eV 

Gu i dance  on  these  acti vi ti es  i s  g i ven  i n  I EC  TR 62572-2.  

NOTE  Th i s  tab l e  assumes  a  l og -normal  d i s tri bu ti on  of t imes  to  fa i l u re.  The  d i spersi on  parameter i s  the  
s tandard  devi ati on  of the  l ogari thm  to  the  base  ‘e ’  of the  times  to  fa i l u re  (see  I EC  TR 625722-2) .  

a  Specia l  a tten ti on  shou l d  be  pa i d  to  a l l  extrapol ati on  model s  used ,  and  the  j usti fi cati on  for acti vati on  energ ies  
employed  i n  re l i abi l i ty pred i cti ons  i s  to  be  s tated .  

b  The  reference  temperatu re  u sed  for a l l  parameters  i n  th i s  tab l e  i s  25  °C.  An  a l ternati ve  reference  
temperatu re  (50  °C)  may be  used  provi ded  acti vati on  energ ies  are  g i ven .   

 

6.2  Techn ical  vis i ts  to  LMMs 

Laser modu le  designs  con tinue  to  evolve,  and  an  LMM  may in troduce  s ign i fican t changes  
wh ich  impinge  on  rel iabi l i ty.  Under the  negotiation  between  customer and  manufacturer,  
techn ical  vis i ts  shou ld  be  performed  unti l  there  i s  su fficien t evidence  of a  maturing  technology 
and  production  stabi l i ty.  These  techn ical  meetings/visi ts  shal l  contain  an  i tem  on  the  agenda  
that concerns  qual i ty and  re l i abi l i ty.  Where  an  LMM  holds  a  capabi l i ty approval ,  the  frequency 
of these  techn ical  vi s i ts  may be  reduced  provided  the  manufacturer can  demonstrate  
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a)  that the  CQCs  fu l l y represent any relevant design ,  process  updates  and  re l iabi l i ty i ssues,  

b)  satisfactory sel f-aud i t  of the  qual i ty system.  

6.3  Design/process  changes  

The  customer/system  suppl ier (SS)  shal l  be  i n formed  by the  l aser modu le  manufacturer (LMM)  
of any design  or process  change  wh ich  may affect the  form,  fi t  or function  of the  end  product.  

6.4 Del iveries  

Laser modu le  designs  wi l l  con tinue  to  evolve  and  therefore  each  del ivered  lot shal l  be  
manufactured  accord ing  to  a  stated  technology and  production  process.  

Th is  shou ld  be  veri fied  by the  suppl ier and  customer before  del i very.  

6.5  Suppl ier documentation  

The  laser customer/system  suppl ier (SS)  and  component manufacturer or LMM  shal l  
i ncorporate,  wherever possible,  the  tests  and  activi ties  described  in  th is  standard  i n to  thei r i n -
house  component qual i fi cation ,  or where  appropriate,  capabi l i ty approval  procedures  and  
purchasing  speci fications.  Th is  documentation  wi l l  be  used  i n  rel iabi l i ty/techn ical  
presentations,  tender submissions  and  marketing  briefs  to  customers.  
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Annex A 
( informative)  

 
Guidance on  testing  in  Table 1  and  Table 2  

A.1  Laser module  l i fe  tests  contain ing  thermoelectric  coolers  (Table  1 ,  test 1 . 1 )  

With  l aser modu les  con tain ing  thermoelectric coolers  (for example  Pel tier) ,  i t  i s  d i fficu l t to  
provide  a  s ign i fican t degree  of overstress  to  a l l  key components  s imu l taneously.  During  
“normal  operation” ,  the  l aser submount temperature  i s  usual ly con trol led  at Ts  =  25  °C.  
However,  for a  l i fe  test wi th  a  case  temperature  of Tc  =  Top  max,  a  usefu l  stress  can  be  
obtained  for the  l aser d iode,  fi bre  fi xing ,  photod iode  and  thermal  sensor i f the  cooler i s  
operated  at  a  re lati vely h igh  current to  main tain  a  submount temperature  of Ts  =  Ts  nom .  The  
cond i tions  in  Table  A. 1  are  recommended .  

Some  add i tional  testing  of the  cooler i s  recommended ,  for example  Tc  =  Top  max  and  
Ts  =  Ts  -  1 0 °C.  

Table  A.1  – Recommended  l i fe  test conditions  for laser modules  
contain ing  Pel tier coolers  

Case  temperature  T
op  max

 

Laser submount temperature  T
s
 =  T

s  nom
 

Optical  power Fibre  ou tput  set  to  P
max

 a t  s tart  of l i fe  test  (us i ng  mon i tor ci rcu i t)  

Laser current To  main tai n  constan t  mon i tor ou tpu t 

Moni tor current  Normal  b i as  

Thermal  sensor current Normal  b i as  

Cooler current To  mai n tai n  constan t  thermistor res i stance  (or sensor cond i ti ons)  

Duration  >  5  000  h  

 

A.2  Laser module  l i fe  tests  for uncooled  modules  (Table  1 ,  test 1 .2)  

For modu les  wi thout thermoelectric coolers  (for example  Pel tier) ,  l i fe  tests  can  be  read i ly 
performed  over a  range  of temperatures  up  to  the  recommended  maximum  operating  
temperature  for the  modu le.  During  i n i tia l  qual i fication ,  service  l i fe  tests  at  two  or more  
temperatures,  for example  Tc =  Top  max  and  Tc  i n  the  range  of 40  °C  to  50  °C,  are  
recommended .  Here,  the  accuracy of l i fetime  estimation  becomes  h igh  i n  proportion  to  the  
number of test l evels .  

An  add i tional  l i fe  test at l ow temperature  (duration  > 2  000  h  at Top  m i n)  may be  requ i red  for 
modu les  contain ing  epoxies  or organ ic materials.  

I f on ly a  s ing le  l i fe  test i s  to  be  performed ,  for example  during  main tenance  of qual i fi cation  
testing ,  the  cond i tions  in  Table  A.2  are  recommended .  
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Table  A.2  – Recommended  l i fe  test conditions  for uncooled  laser modules  

Case  temperature  T
op  max

 

Optical  power Fibre  ou tpu t  set  to  P
max

 a t  s tart  of l i fe  test  (us i ng  mon i tor ci rcu i t)  

Laser current To  main tai n  constan t  mon i tor photocu rren t  

Moni tor photocurrent Normal  b i as  

Duration  >  5  000  h  

 

A.3  Laser d iode l i fe  tests  on  submounts  (Table  1 ,  test 1 .3)  

The  laser l i fe  test shal l  be  performed  wi th  the  laser operating  at constant l i gh t ou tpu t,  as  i t  
wou ld  be  i n  normal  operation ,  un less  otherwise  agreed  wi th  the  user.  Temperatures  i n  the  
range  Ts  =  50  °C  to  80  °C  are  often  used .  The  acceleration  in  the  rate  of degradation ,  re lati ve  
to  normal  operation ,  i s  therefore  re lati vely smal l .  The  maximum  temperature  at wh ich  l i fe  tests  
can  be  performed  under l asing  operating  cond i tions  i s  usual l y i n  the  range  Ts  =  70  °C  to  
1 00  °C.  However,  constan t curren t/l i fe  tests  at temperatures  up  to  Ts  =  1 50  °C  can  be  usefu l  
i n  studying  the  re l i abi l i ty of con tact metal l i zations.  Actual  fai l u res  do  not often  occur i n  wel l  

screened  l aser d iodes  tested  at  temperatures  Ts  <  90  °C.  I n  order to  estimate  the  l aser l i fe ,  
some  extrapolation  i s  requ i red  to  pred ict when  the  th reshold  or operating  curren t wi l l  exceed  
the  pre-determined  fai l u re  cri terion .  To  obtain  a  reasonable  i ncrease  i n  operating  current,  a  
l i fe  test duration  g reater than  5  000  h  i s  requ i red .  

I f a  s ing le  l i fe  test i s  to  be  performed ,  for example  during  main tenance  of qual i fi cation  testing ,  
the  cond i tions  in  Table  A. 3  are  recommended .  

Table  A.3  – Recommended  laser d iode l i fe  test condi tions  

Temperature  T
s  
=  70  °C  

Optical  power Maximum  speci fi ed  

Bias  To  mai n tai n  constan t  mon i tor ou tpu t 

Duration  >  5  000  h  

 

A.4 Moni tor photodiode l i fe  tests  (Table  1 ,  test 1 .4)  

Photod iode  l i fe  tests  are  best performed  wi th  the  devices  under reverse  b ias  i f the  
susceptib i l i ty to  i ncreased  dark curren t i s  to  be  assessed .  To  obtain  fa i l u res  i n  a  reasonable  
timescale,  temperatures  i n  the  range  T

s
 =  1 25  °C  to  200  °C  are  usual l y requ i red .  Devices  wi th  

organ ic passivations  shou ld  be  tested  at  temperatures  below the  curing  temperature  of the  
passivation .  

I ncreased  b ias  vol tage  can  a lso  be  used  to  accelerate  fa i l u re,  bu t the  dependence  of l i fetime 
on  vol tage  wou ld  then  need  to  be  determined  before  a  pred iction  of operating  l i fetime cou ld  
be  made.  

I t  i s  necessary for measurements  of photod iode  dark currents  to  i nclude  measurement at the  
normal  operating  temperature.  Measurements  made  at on ly the  l i fe  test temperature  may not 
detect i ncreased  su rface  leakage,  because  bu lk dark curren ts  dominate  at h i gh  temperatures.  

Fai led  photod iodes  wi th  i ncreased  dark curren ts  (as  a  resu l t  of the  accumu lation  of mobi le  
charge)  wi l l  often  recover qu ickly i f stored  at  h igh  temperatures  wi thout b ias.  I t  i s  essentia l ,  
that at the  end  of the  test duration ,  the  reverse  bias  cond i tions  are  main tained  un ti l  the  
temperature  i s  below 30  °C.  The  post test measurements  shal l  be  completed  wi th in  3  h .  The  
i ncrease  i n  dark curren t of photod iodes  wi th  exposed  j unctions  (for example  unpassivated  
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mesa  devices)  i s  very sensi ti ve  to  the  package atmosphere,  and  smal l  traces  of oxygen  or 
water vapour can  resu l t  i n  decreased  l i fetimes.  Li fe  tests  shou ld  therefore  be  performed  wi th  
the  photod iodes  sealed  i n  representative  hermetic packages,  and  not on  open  submounts.  
Tests  i n  flowing  (nominal l y d ry)  n i trogen  can  produce  variable  resu l ts.  The  cond i tions  in  
Table  A.4  are  recommended .  

Table  A.4  – Recommended  photodiode  l i fe  test conditions  

Temperature  I n  the  range  T
s  =  1 25  °C  to  200  °C  

Bias  Speci fi ed  maximum  reverse  b i as  vol tage.  

B ias  to  be  mai n ta i ned  du ri ng  coo l  down  pri or to  measu remen ts  

Duration  1  000  h  

Atmosphere  Photod iode  i n  represen tati ve  hermeti c package  

 

A.5 Temperature  cycl ing  and  thermal  shock (Table  1 ,  test 3  and  Table  2,  test 2)  

I t  i s  d i fficu l t to  quanti fy the  acceleration  (wi th  respect to  normal  operation )  obtained  from  a  
temperature  cycl ing  test.  Nevertheless,  i t  has  been  clearly demonstrated  that temperature  

cycl ing  from  Tc  =  –40  °C  to  +70  °C  can  reveal  poten tia l l y serious  hazards  i n  l aser modu les  
associated  wi th  fibre  instabi l i ty,  thermal  m ismatch  between  p iece  parts  (for example  coolers  
and  submounts),  and  wi th  fibre  breaks.  

For i n i ti a l  qual i fication ,  number of cycles  =  500  from  Tstg  m i n  to  Tstg  max are  requ i red .  For 
period ic testi ng  (3  and /or 6  month ly),  the  number of cycles  =  1 00.  The  temperature  cycl ing  
procedure  shou ld  fol low ei ther:  

a)  I EC  60068-2-1 4,  Test Na:  two-chamber method ;  

b)  I EC  60068-2-1 4,  Test Nb:  s i ng le-chamber method ,  rate  of change  equal  to  1  °C/min ,  
3  °C/min ,  or 5  °C/min .  

Wel l  designed  and  constructed  modu les  shou ld  be  able  to  wi thstand  such  a  test wi th  
neg l i g ib le  changes  in  modu le  performance.  

A.6 Seal ing/hermetici ty (Table  1 ,  test 4  and  Table  2,  test 3)  

The  post-test assessment for test 4 ,  Table  1  and  test 3 ,  Table  2  shal l  be  fi ne-leak testing ,  
Test Qk,  fo l lowed  by the  g ross-leak Test Qc.  Su i table  precautions  shal l  be  taken  to  e l im inate  
absorption  of hel ium  by the  fi bre  coating  to  avoid  measurement errors.  

A.7  Shock and  vibration  (Table  1  ,  test 5  and  Table  2 ,  test 4)  

These tests  are  designed  to  s imu late  cond i tions  involving  vibration  and  shock that a  
component may be  subjected  to  i n  service  or during  transportation .  For a  modu le  wi th  
thermoelectric cooler,  the  cooler i s  the  l im i ting  device,  so  the  shock test shou ld  be  l im i ted  to  
5  000  m/s

2
.  

A.8  H igh-temperature  storage (Table  1 ,  test 6  and  Table  2 ,  test 5)  

Temperature  storage  testing  has  the  advantage  of being  relati vely i nexpensive  because  no  
b ias  ci rcu i try i s  requ i red .  Provided  the  test i s  performed  at or below the  maximum  storage  

temperature  for the  modu le  Tc  ≤  Tstg  max,  i t  can  be  regarded  as  non-destructive.  Storage  at 
h igh  temperatures  (for example  Tc  =  70  °C,  duration  =  1  000  h )  wi l l ,  a l though  the  stress  i s  
relatively smal l ,  provide  usefu l  protection  against major problems wi th  fibre  a l ignment 
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i nstabi l i ty and  wi l l  i denti fy some  poten tia l  metal l i zation  and  solder fa i l u re  mechan isms,  for 
example  thermoelectric cooler or thermistor fa i lu res.  

A.9  Electrostatic  d ischarge  sensi tivi ty (ESD)  (Table  1 ,  test 7and  Table  2 ,  
test 6)  

Optoelectron ic components  are  sensi ti ve  to  damage  by e lectrostatic d ischarge  (ESD)  at a l l  
s tages  du ring  manufacture,  testi ng ,  assembly i n to  equ ipment and  operation .  Exposure  to  ESD  
can  resu l t  i n  sudden  fai l u re,  parametric sh i fts,  or even  l aten t damage  lead ing  to  a  reduced  
l i fetime  during  subsequent operation .  The  sensi ti vi ty of the  l aser and  mon i tor photod iode  to  
ESD  damage  shou ld  be  determined  so  that the  appropriate  l evel  of precau tions  can  be  taken  
to  avoid  damage.  

The  m in imum  recommended  testing  for modu les  i s  to  subject fi ve  laser d iodes  and  fi ve  
mon i tor photod iodes  on  a  wafer basis,  to  the  “human  body model ”  test described  i n  
I EC  60749-26.  However,  rather than  applying  a  s ing le  go-no-go  test cond i tion ,  transien ts  of 
i ncreasing  vol tage  shou ld  be  appl ied  to  determine  the  threshold  at wh ich  fa i l u res  occur.  

Fai l u re  shou ld  be  defined  as  a  parametric change  i n  

– photod iode  dark curren t or i n  l aser threshold  curren t;  

– s lope  efficiency;  

– forward  vol tage;  

– reverse  leakage  curren t or l i gh t ou tpu t spectrum.  

The  cri teria  are  g iven  i n  I EC  TR 62572-2.  

A.1 0  Residual  gas  analysis  (RGA)  (Table  1 ,  test 8  and,  Table  2 ,  test 7)  

Certain  laser modu le  rel i abi l i ty hazards  associated  wi th  h igh  package water conten t are  
un l ikely to  be  detected  wi th  the  testing  described  i n  Table  1  and  Table  2 .  Hermetici ty testing  
and  residual  gas  analysis  of transmi tter modu les  i s  necessary to  demonstrate  that the  modu le  
package  con tains  a  d ry,  i nert atmosphere  throughou t i ts  operating  l i fe .  H igh -temperature  l i fe  
testing  a lone  i s  not l i kely to  detect rel iabi l i ty hazards  associated  wi th  h igh  package  water 
con ten t.  See  a lso  Clause  A.2 ,  Table  1 ,  Test 8  and  Table  2 ,  test 7 .  

Caution :  the  pre-bake  temperature  for RGA in  M IL-STD-883,  method  1 01 8  i s  1 00  °C.  Th is  
may be  g reater than  the  storage  temperature  Tstg  max  of most optoelectron ic components.  A 
l ower pre-bake  temperature  of Tc  =  Tstg  max  for a  l onger period  i s  therefore  recommended  unti l  
the  background  level  of RGA remains  constan t.  Th is  level  can  then  be  e l im inated  from  the  
resu l ts.  
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