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Part 2:  Semiconductor microcircui t l i fetime 
 

FOREWORD 

1 )  The  I n ternati onal  E lectrotechn i cal  Commission  ( I EC)  i s  a  worl dwide  organ ization  for s tandard ization  compris i ng  
a l l  n ational  e l ectrotechn ical  commi ttees  ( I EC National  Commi ttees).  The  object  of I EC i s  to  promote  
i n ternati ona l  co-operation  on  a l l  questions  concern i ng  standard i zati on  i n  the  e l ectri cal  and  e l ectron ic fi e l ds.  To  
th i s  end  and  i n  add i ti on  to  other acti vi ti es ,  I EC publ i shes  I n ternational  Standards,  Techn ical  Speci fi cations,  
Techn ical  Reports ,  Publ i cl y Avai l abl e  Speci fi cati ons  (PAS)  and  Gu ides  (hereafter referred  to  as  “ I EC  
Publ i cation (s )” ) .  Thei r preparation  i s  en trusted  to  techn ical  commi ttees;  any I EC National  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  possible,  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  content  of I EC  
Publ i cations  i s  accu rate,  I EC  cannot be  hel d  responsi ble  for the  way i n  wh ich  they are  used  or for any 
m 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  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,  servan ts  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 nature  whatsoever,  whether d i rect  or i nd i rect,  or for costs  ( i ncl ud i ng  l egal  fees)  and  
expenses  ari s i ng  ou t  of the  publ i cation ,  use  of,  or re l i ance  upon ,  th i s  I EC Publ i cati on  or any other I EC  
Publ i cations.  

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

9)  Atten tion  i s  d rawn  to  the  poss ibi 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 den ti fyi ng  any or a l l  such  paten t ri gh ts .  

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

I EC TR 62240-2 ,  wh ich  i s  a  Techn ical  Report,  has  been  prepared  by I EC techn ical  committee  
1 07:  Process  management for avion ics .  

I EC  TR 62240-2  adapts  and  mod i fies  the  G IFAS/201 5/5022  document that has  served  as  a  
bas is  for the  e laboration  of th is  Techn ical  Report.  
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The  text of th is  Techn ical  Report i s  based  on  the  fol l owing  documents:  

Draft  TR Report  on  voti ng  

1 07/325/DTR 1 07/332/RVDTR 

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

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

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 ,  

•  replaced  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.  

 

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

Electron ic equ ipment for aerospace,  defence and  h i gh  performance (ADHP)  appl ications  
i n tegrate  more  and  more  commercia l  off the  shel f (COTS)  sem iconductor m icrocircu i ts .  These  
sem iconductor m icrocircu i ts  are  above a l l  des igned  and  produced  to  address  h igh  volume and  
l ow cost markets  such  as  consumer e lectron ics,  te lecommunications  or m icrocompu ters,  
whose  main  requ i rements  are  bas ical l y cost,  i n tegration ,  performance  and  l ow consumption  
and  for wh ich  the  long  term  rel iab i l i ty i n  severe  environments  (for example  vibration ,  thermal  
cycl ing ,  hum id i ty and  operati ng  temperature)  i s  not  necessari l y an  imperative  design  cri teri on .  

With  sem iconductor transistor feature  s i ze  decrease,  main l y from  90  nm  trans istor feature  
s i ze,  earl y wear-out  can  arise  in  COTS sem iconductor m icrocircu i ts.  For example,  non-
homothetic  evolu tion  of sem iconductor m icrocircu i t  b ias  vol tage  and  transistor feature  s i ze  
scal i ng  have  l ed  to  an  i ncrease  of the  e lectrical  fi e lds  ins ide  the  sem iconductor m icroci rcu i t 
and  hence  changes  in  classical  fa i l u re  and  degradation  modes  or mechan isms.  I n  add i ti on  
new transistor arch i tectu res  and  technolog ies  (for example  fi n  fi eld  effect trans istor (F inFET),  
fu l l y depleted  s i l i con  on  i nsu lator (FD-SOI ),  etc. )  and  new materia ls  (for example  l ow-k 
d ie lectrics ,  h igh-k d ie lectrics,  stra in  source/dra in  Si -Ge)  have  been  i n troduced  s i nce  the  
generation  90  nm  to  overcome the  scal i ng  issues,  contributi ng  potential l y to  the  evolu tion  of 
fai l u re  and  degradation  modes  or mechan isms.  

I n  th is  con text,  the  l i fetime of new generations  of COTS sem iconductor m icroci rcu i ts  may not 
meet the  l i fetime  requ i rements  of h i gh  performance,  h igh  re l iabi l i ty and  l ong  duration  
e lectron ic  appl ications  (for example  twenty years ,  th i rty years  or more).  As  a  consequence,  
speci fic  re l i ab i l i ty assessment and  main tenance  p lans  are  cons idered  wi th in  the  
sem iconductor m icroci rcu i t  se lection  acti vi ti es.  
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PROCESS MANAGEMENT FOR AVIONICS –  
ELECTRONIC COMPONENTS CAPABILITY IN  OPERATION  –  

 
Part 2:  Semiconductor microcircui t l i fetime 

 
 
 

1  Scope 

This  part of I EC 62240,  wh ich  i s  a  Techn ica l  Report,  focuses  on  ori g ina l  equ ipment 
manufacturers  (OEMs)  using  commercia l  off the  shel f (COTS)  sem iconductor m icroci rcu i ts  for 
h igh  performance,  h igh  re l i abi l i ty and  l ong  duration  appl ications.  Th is  document supports  
OEMs i n  the  preparation  and  main tenance  of the ir sem iconductor e lectron ic component 
management p lan  (ECMP).  

This  document describes  a  process  and  a  method  for selecting  d i g i ta l  sem iconductor 
m icroci rcu i ts  by ensuring  that the ir l i fetime is  compatib le  wi th  the  requ irements  of aerospace,  
defence and  h igh  performance (ADHP)  appl ications  (general l y i n  connection  wi th  functional  
environments) .  Methods  and  gu idel ines  are  provided  to  assess  the  long  term  re l i abi l i ty of 
COTS sem iconductor m icroci rcu i ts  i n  such  appl ications;  they main l y appl y during  the  
e lectron ic design  phase  when  selecting  sem iconductor m icroci rcu i ts  and  assessing  the  
appl ication  re l i abi l i ty.  

Moreover,  the  document focuses  on  the  in trins ic wear-ou t and  the  l i fetime of COTS  
sem iconductor m icrocircu i ts  processed  of l ess  than  or equal  to  90  nm  feature  s ize  (a lso  ca l led  
deep sub-m icron  (DSM)  sem iconductor m icroci rcu i ts)  and  pu ts  as ide,  at  th is  time,  packag ing  
wear-ou t and  random  fa i l ure  mechan isms.  I n  th is  view,  physics  of fa i l u re  (PoF)  is  at  the  heart  
of the  approach .  

NOTE  1  I EC 62239-1  can  ass i st  OEMs  i n  the  creation  and  main tenance  of ECMPs.  

NOTE  2  SAE  ARP6338  can  a l so  hel p  the  OEM  wi th  regard  to  assessment  and  m i ti gation  of earl y wear-ou t of 
l i fe-l im i ted  sem iconductor m icroci rcu i ts .  

NOTE  3  Wi th  the  evolu ti on  of e l ectron ic technology and  sem iconductor m icroci rcu i ts  processed  of l ess  than  or 
equal  to  90  nm  featu re  s i ze,  the  curren t M I L-HDBK-21 7  handbook or F I DES  gu i de  become i nappropri ate  as  they 
are  based  for the  time  being  on  the  assumption  that  the  sem iconductor e l ectron ic  component exh i b i ts  a  constant  
(random)  fai l u re  rate  and  does  not  have  l i fe  l im i ts  or exh ib i t  wear-ou t.  

Moreover,  s i l i con  i tsel f has  fundamental l y very l ow fa i l u res  i n  time  (F I T)  rates  and  the  major fai l u re  modes  are  often  
i n  the  packag ing  (for example  housing ,  bond  wi res,  etc. ) .  

2  Normative references  

There  are  no  normative  references  i n  th is  document.  

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 tain  term inolog ical  databases  for use  i n  standard ization  at  the  fo l l owing  
addresses:  

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

•  I SO  On l ine  browsing  p latform :  avai lable  at h ttp: //www. iso.org/obp  
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3. 1 . 1   
acceleration  model  
equation  for pred icting  time-to-fai l  as  a  function  of operati ng  stress  

Note  1  to  en try:  An  accelerati on  model  shows  how time-to-fa i l  at  a  parti cu lar operati ng  stress  l evel  can  be  used  to  
pred ict  the  equ i val en t  t ime-to-fai l  at  a  d i fferen t operati ng  stress  l evel .  

Note  2  to  en try:  An  acceleration  model  i s  associated  to  one  fa i l u re  and  deg radation  mode  or mechan ism .  
Acceleration  models  can  be  e i ther defi ned  for temperatu re,  e l ectri cal ,  mechan ical ,  envi ronmental ,  or other stresses  
that  can  affect  the  rel i abi l i ty of a  device.  

Note  3  to  en try:  An  acceleration  model  i s  sem i -empi ri cal  and  i s  bas ica l l y  based  on  the  physics  of fa i l u re.  Times  
are  general l y deri ved  from  modeled  t ime-to-fai l u re  d i stri bu ti ons  ( l ognormal ,  Weibu l l ,  exponen tial ,  etc. ) .  

Note  4  to  en try:  The  accel eration  model  i s  a l so  defi ned  as  accelerati on  factor,  for wh ich  the  abbreviated  term  AF  
i s  used .  

3. 1 .2   
Bi -CMOS 
bipolar CMOS 
technology i n tegrati ng  two separate  sem iconductor technolog ies ,  b ipolar j unction  transistor 
and  CMOS trans istor,  i n  a  s ing le  e lectron ic  component 

3. 1 .3   
cold  redundancy 
techn ique  where  one  primary part i s  operational  and  the  redundant  one  is  i n  a  backup  mode  

Note  1  to  en try:  The  redundant part  can  a l so  be  cal l ed  “col d ”  part  and  general l y i t  i s  techn ical l y i den ti cal  to  the  
primary part.  

Note  2  to  en try:  The  “cold ”  part  can  be  non -powered  or i n  a  s tandby mode  and  i t  i s  usual l y cal l ed  upon  on ly on  
fa i l u re  of the  primary part.  

3. 1 .4   
electronic  equ ipment  
function ing  e lectron ic  device  produced  by the  p lan  owner,  wh ich  i ncorporates  electron ic  
components  

Note  1  to  en try:  End  i tems,  sub-assembl ies,  l i n e-rep laceable  u n i ts  and  shop-replaceabl e  un i ts  are  examples  of 
e l ectron ic equ ipment.  

[SOURCE:  I EC 62239-1 : 201 8,  3. 20]  

3. 1 .5   
h igh-k d ielectrics  
materia l  wi th  a  h i gh  d ie lectric  constan t “k”  (as  compared  to  s i l icon  d ioxide)  

Note  1  to  en try:  H i gh -k d iel ectri cs  are  used  i n  sem iconductor manufacturi ng  processes  where  they are  usual l y 
used  to  rep lace  a  s i l i con  d ioxide  gate  d i e lectri c  or another d ie l ectri c  l ayer of a  sem iconductor m icroci rcu i t.  The  
implementation  of h i gh -k gate  d ielectri cs  i s  one  of several  s trateg i es  developed  to  a l l ow con ti nued  scal i ng  and  
m in iatu ri zation  of sem iconductor m icroci rcu i ts .  

3. 1 .6   
l i fetime  
upper bound  of period  of time during  wh ich  the  COTS sem iconductor componen t performs  a  
requ ired  function  wi thout fai l u re  under s tated  cond i tions  

3. 1 .7   
low-k d ielectrics  
materia l  wi th  a  smal l  d i electric  constant  “k” ,  re lati ve  to  s i l i con  d ioxide  

Note  1  to  en try:  Low-k d i electri c  material  implementation  i s  one  of several  s trateg i es  used  to  a l l ow conti nued  
scal i ng  and  m in iatu ri zation  of sem iconductor m icroci rcu i ts .  
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3. 1 .8   
NAND 
Negative-AND  
l og ic gate  wh ich  produces,  in  d i g i ta l  e lectron ics ,  an  ou tpu t that  i s  fa lse  (0)  on l y i f a l l  i ts  i npu ts  
are  true  (1 )  and  an  ou tpu t true  (1 )  i f one  or both  i npu ts  are  fa lse  (0)  

[SOURCE:  I EC 62239-1 : 201 8,  3. 22]  

3. 1 .9   
NOR 
Negative-OR 
l og ic  gate  wh ich  produces,  i n  d i g i ta l  e l ectron ics,  an  ou tput  that  i s  true  (1 )  i f both  the  i npu ts  are  
false  (0)  and  an  ou tpu t fa lse  (0)  i f one  or both  i npu ts  are  true  (1 )  

[SOURCE:  I EC 62239-1 : 201 8,  3. 23]  

3. 1 . 1 0   
plan  owner 
orig inal  des ign  au thori ty responsib le  for a l l  aspects  of the  des ign ,  functional i ty and  re l i abi l i ty 
of the  del i vered  equ ipment i n  the  in tended  appl ication  and  responsib le  for wri ting  and  
mainta in ing  thei r speci fic  ECMP 

[SOURCE:  I EC 62239-1 : 201 8,  3. 26]  

3. 1 . 1 1   
process  node  
speci fic sem iconductor manufacturing  process  and  i ts  design  geometry ru les  

Note  1  to  en try:  Genera l l y,  a  smal l er technology node  means  a  smal l er featu re  s i ze,  producing  smal l er trans istors  
wh ich  are  both  faster and  more  power-effi cien t.  H i stori ca l l y,  the  name  “process  node”  referred  to  a  number of 
d i fferen t featu res  of a  transistor i ncl ud ing  the  gate  l ength  as  wel l  as  the  fi rst  l ayer metal  ha l f-p i tch .  Most recentl y,  
due  to  various  marketi ng  practi ces  and  d i screpanci es  among  foundri es,  the  name “process  node”  has  l ost  the  exact  
mean ing  i t  once  hel d .  Recent technol ogy nodes  bel ow 90  nm  refer pu rely to  a  speci fi c  generation  of sem iconductor 
m icroci rcu i ts  made  i n  a  parti cu lar technology;  they do  not  correspond  to  any gate  l ength  or hal f p i tch .  Nevertheless  
the  name conventi on  has  stuck and  i t  i s  what  the  l ead ing  foundri es  cal l  thei r nodes.  

Note  2  to  en try:  Process  node  i s  a l so  cal l ed  technology node  or s imply node.  

3. 1 . 1 2   
semiconductor microci rcu i t  
semiconductor electron ic  component 
electrica l  or e l ectron ic device  that  i s  not subj ect to  d isassembly wi thou t destruction  or 
impai rment of des ign  use  and  that u ti l i ses  the  properties  of sem iconductor materia ls  

Note  1  to  en try:  I t  i s  sometimes  cal l ed  e l ectron ic part  or e l ectron ic  p i ece  part  or e l ectron ic  d evice  or e l ectron ic  
component  or i n teg rated  ci rcu i ts .  I t  refers  to  acti ve  e l ectron ic parts  such  as  memori es,  m icrocontrol l ers ,  
m icroprocessors,  etc.  

3. 1 . 1 3   
wear-out  
phenomenon  resu l ti ng  i n  a  permanent phys ical  degradation  of a  sem iconductor that can  be  
quanti fied  th rough  a  quasi -determ in istic  l i fetime i nd icator 
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3.2  Abbreviated  terms  

ADHP aerospace,  defence  and  h igh  performance  

AF  acceleration  factor 

BEOL back end  of the  l i ne  

BTI  b ias  temperature  i nstabi l i ty 

COTS  commercia l  off the  shel f (re lated  to  sem iconductor m icrocircu i ts  for 
the  purposes  of th is  document)  

CMOS  complementary meta l -oxide  sem iconductor 

DDR double  data  rate  (memory)  

DPA deprocessing  anal ys is  

DRAM  dynam ic random  access  memory  

DSM  deep sub-m icron  

ECMP e lectron ic componen t management plan  

EM  e lectro-m igration  

EOT equ ivalent oxide  th ickness  

FD-SOI  fu l l y depleted  s i l icon  on  i nsu lator 

FEOL front  end  of the  l i ne  

F inFET fin  fi el d  effect  trans istor 

F IT  fai l u res  i n  t ime (number of fa i lu res  that can  be  expected  i n  one  
b i l l i on  device-hours  of operation)  

FPGA fie l d  programmable  gate  array  

Ge  german ium  

HCI  hot carrier i n jection  

I /O  i nput/ou tpu t  

MRAM  magnetic random  access  memory 

NMOS  N  metal -oxide  sem iconductor 

OCM  orig inal  component manufacturer (re lated  to  the  COTS  electron ic 
components  manufacturer)  

OEM  orig inal  equ ipment manufacturer 

PMOS  P  meta l -oxide  sem iconductor 

PoF  phys ics  of fai l u re  

S i  s i l icon  

SDRAM  synchronous  d ynam ic random  access  memory  

SRAM  static random  access  memory 

TDDB  time  dependent d ie lectric  breakdown  

TTFX%  time  to  fa i lu re  (or l i fetime)  for x  %  of samples  
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4 Li fetime assessment process  and  method  

4.1  General  

The a im  of the  method  is  twofold .  I n  a  fi rst  step,  th is  method  a l l ows  the  assessment and  
determ ination  of the  l i fetime of a  COTS sem iconductor m icroci rcu i t  i n  a  speci fic envi ronment,  
and  i n  the  second  step  i t  provides  the  means  for the  OEM  to  select the  ri ght COTS  
sem iconductor m icroci rcu i t  accord ing  the  e lectron ic equ ipment re l iabi l i ty requ irements.  

The  method  i s  syn theti zed  i n  the  process  fl ow of F igure  1 .  

Moreover,  accord ing  to  the  l evel  of i n formation  avai l able  from  the  OCMs  and/or s i l i con  
foundries,  three  d i fferent  paths  can  be  cons idered :  

– path  and  approach  1  (represented  i n  yel low i n  F igure  1 )  where  the  OEM  cons iders  for i ts  
appl ication  the  l i fetime assessment of the  COTS sem iconductor m icroci rcu i t  wi th  regard  to  
the  l i fetime speci fied  and  associated  techn ica l  data  provided  by the  OCM;  

– path  and  approach  2  (represented  i n  orange  in  F igure  1 )  where,  i n  the  absence  of l i fetime 
data  speci fi ed  by the  OCM  or i f associated  techn ical  data  are  i ncomplete,  the  OEM  
conducts  for i ts  appl ication  i ts  own  l i fetime assessment of the  COTS  sem iconductor 
m icrocircu i t,  making  a  ri sk anal ys is  and  us ing  the  avai lab le  techn ical  data  (for example,  
fai l u re  and  degradation  mechan isms,  acceleration  models,  raw qual i fication  test resu l ts)  
provided  by the  OCM;  

– path  and  approach  3  (represented  i n  burgundy in  F igure  1 )  where,  i n  case  of unavai labi l i ty 
or i rrelevancy of OCM  techn ical  data,  the  OEM  conducts  for i ts  appl ication  i ts  own  l i fetime 
assessment of the  COTS sem iconductor m icroci rcu i t  col lecting  potential  techn ical  data  
and  cons idering  the  technology of the  sem iconductor m icroci rcu i t  ( i nclud ing  poten tia l  
deprocessing  anal ys is  (DPA)).  
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Figure  1  – Process  flow for l i fetime  assessment and  selection  of 
COTS semiconductor m icrocircu i ts  
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4.2  Input  data  for the  method  

4.2. 1  General  

The i nput  data  for the  method  are  as  fol l ows.  

4.2.2  COTS semiconductor m icrocircu i ts  and  l i fetime  i ssues  considerations  

Wear-out and  l i fetime cons iderations  need  to  be  taken  i n to  account for e l ectron ic  des igns  
us ing  COTS sem iconductor m icroci rcu i ts  manufactured  i n  90  nm  process  nodes  and  below.  
Th is  i ncl udes  d i g i ta l  COTS sem iconductor m icroci rcu i ts  such  as  SRAM,  DRAM  (SDRAM,  DDR 
series) ,  flash  memories  (NOR l og ic gate,  NAND  l og ic gate),  MRAM,  m icrocontrol lers,  
m icroprocessors  and  FPGA.  Analog  or B i -CMOS electron ic components  can  a lso  be  
concerned  and  a  s im i lar approach  can  be  used .  

The  process  node  can  be  obtained  from  the  ori g inal  component manufacturer’s  datasheet or 
i nd icated  on  the  part  number marking  or by contacting  the  OCM  d i rectl y.  

I n trins ic  fa i l u res  and  degradations  of sem iconductor m icroci rcu i ts  wh ich  can  impact wear-ou t 
are  typical l y e lectro-m igration  (EM),  t ime-dependent d ie lectric  breakdown  (TDDB),  hot carri er 
i n jection  (HCI ) ,  and  b ias  temperature  i nstabi l i ty (BTI ).  Annex A provides  more  in formative  
detai ls .  

4.2.3  Operating  and  thermal  cond itions  

4.2.3. 1  Operating  and  thermal  mission  profi l es  of the  electronic  equ ipment 

The OEM  usual l y obta ins  th is  i n formation  through  the  e lectron ic equ ipment speci fication ,  
standards,  or customer requ i rements .  

4.2.3.2  Operating  and  thermal  mission  profi le  of COTS semiconductor microcircuit 

The sem iconductor m icrocircu i t  m iss ion  profi l e  i s  d i rectl y derived  from  the  e lectron ic 
equ ipment operation  cond i ti ons  (for example  operating ,  thermal ),  see  4 . 2 . 3 . 1 .  I n  th is  sense,  i t  
i s  defi ned  by the  OEM.  The  m iss ion  profi le  at  the  COTS  sem iconductor m icroci rcu i t  l evel  l i s ts  
a l l  s tresses  appl ied  on  i t  duri ng  the  m iss ion  l i fe.  Based  on  sem iconductor phys ics  of fa i l u re,  
the  most cri tical  s tresses  i den ti fied  are  typical l y the  e lectrical  b ias  curren t/vol tage  and  the  
sem iconductor m icroci rcu i t  j unction  temperature  by period  of t ime.  As  an  example,  an  
operating  and  thermal  m ission  profi l e  of a  sem iconductor m icrocircu i t  implemented  in  an  
avion ics  equ ipment i s  provided  i n  Annex B .  

NOTE  COTS  sem iconductor m icroci rcu i ts  a l ready i n  use,  u nder comparab le  m iss ion  profi l e ,  can  provide  va l uable  
i n formation  for ri sk assessment  and  l i fetime  calcu lati on .  

However,  the  operating  and  thermal  m iss ion  profi l e  of COTS sem iconductor m icrocircu i ts  can  
poten tia l l y be  reviewed  i n  case  of m i ti gation  (see  4. 8.3 . 1  and  4 . 8 .3 . 2  re lated  to  m i ti gation  of 
stresses  by m iss ion  profi l e).  

4.3  Li fetime  requ irements  i n  m ission  

4.3. 1  Li fetime  requ irements  for e lectron ic equ ipment in  m ission  

The OEM  obta ins  usual l y th is  i n formation  through  the  electron ic  equ ipment speci fication  or 
customer requ i rements .  
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4.3.2  Li fetime  requ irement for COTS  semiconductor microcircu i t  

The  l i fetime requ i rement for COTS  sem iconductor m icrocircu i t  i n  m ission  can  be  determ ined  
by the  OEM  from  the  e lectron ic equ ipment l i fe  m ission .  

However the  l i fetime  requ i rements  for COTS  sem iconductor m icroci rcu i ts  can  potentia l l y be  
reviewed  i n  case  of m i ti gation  (see  4. 8. 3 . 3  and  4 . 8. 3. 4,  m i ti gation ,  respectivel y,  by 
maintenance or redundancy).  

NOTE  As  a  fi rst  step,  the  l i fetime  requ i rements  for COTS  sem iconductor m icroci rcu i ts  can  be  cons idered  the  
same  as  the  l i fetime  requ i rements  for the  e l ectron ic equ ipmen t.  

4.4  Li fetime  assessment  for COTS  semiconductor microci rcu i t  based  on  the  OCM  
information  

4.4. 1  Avai labi l i ty of l i fetime assessment by the  OCM  

I f the  OCM  speci fies  and  suppl ies  a  COTS  sem iconductor m icroci rcu i t  to  the  OEM  wi th  the  
expected  l i fetime under speci fic cond i tions,  the  OEM  can  check that  the  associated  techn ical  
data  are  complete.  

I f the  OCM’s  techn ical  data  are  complete,  the  OEM  keeps  evidence  of them .  

Otherwise  the  OEM  can  i tse l f assess  the  l i fetime of the  COTS sem iconductor m icrocircu i t   
(see  4 . 5).  

Data  are  cons idered  i ncomplete  i f one  of the  fol lowing  i n formation  i s  m issing :  

•  l i fetime of COTS sem iconductor m icrocircu i t  for x % of fa i l ed  samples;   

•  test parameters  for wh ich  the  l i fetime of the  COTS sem iconductor  microci rcu i t has  been  
estimated .  Test parameters  i nclude  test  duration ,  number of tested  samples,  operating  
and  thermal  cond i ti ons.  

4.4.2  Li fetime  compl iance  

The  OEM  checks  whether the  COTS sem iconductor m icrocircu i t's  expected  l i fetime under 
speci fic cond i ti ons  provided  by the  OCM  is  re levant and  acceptable  for both  the  OEM ’s  
operati ng  and  thermal  m ission  profi l es  and  the  m ission 's  l i fetime requ irement.  

I f th is  l i fetime i s  re levant  and  acceptable  for i ts  appl ication ,  the  OEM  refers  to  4 . 9  for ed i ting  
the  fi nal  report  and  provid ing  recommendations  wi th  regard  to  the  selection  acceptance  of the  
COTS sem iconductor m icrocircu i t.  

I f not,  the  OEM  can  recons ider the  s i tuation  (see  4. 8).  

4.5  Li fetime  assessment for a  COTS  semiconductor microcircu i t  processed  by the  
OEM  

4.5. 1  Approach  

I n  the  absence  of l i fetime  speci fied  by the  OCM  for a  COTS sem iconductor m icrocircu i t,  the  
l i fetime  assessment can  be  carried  ou t by the  OEM  e i ther based  on  the  OCM’s  techn ical  data  
wh ich  can  be  avai lable,  and  accord ing  to  their re levance,  or th rough  a  speci fic activi ty.  

A partnersh ip  between  the  OEM  and  the  OCM,  and  sometimes  the  foundry,  can  be  necessary 
to  obtain  these  techn ical  data.  
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4.5.2  Risk analysis  based  on  physics  of fai lu re  (PoF)  and  the  component fami ly  

COTS sem iconductor m icroci rcu i ts  are  des igned  wi th  many functional  b locks  and  technolog ies  
of transistors  at  s i l icon  d ie  l evel  (for example  I /O  trans istors ,  core  transistors)  that  have  thei r 
own  kinetics  of degradation .  Because  of th is ,  a  risk anal ys is  i s  performed  by the  OEM  to  make 
a  l i nk between  the  type  of sem iconductor m icrocircu i t  (m icroprocessor,  FPGA,  DRAM,  SRAM,  
flash ,  etc. )   and  the  re levant fa i l u re  mechan isms (EM ,  TDDB BEOL,  TDDB FEOL,  HCI ,  BTI ,  
etc. )  wi th  the  technolog ical  features  i nvolved  (for example  meta l  wire  and  trans istor s i ze).  

The  a im  of th is  risk anal ysis  i s  main l y to  i den ti fy the  relevant fai l u re  mechan ism ,  pu tti ng  aside  
the  ones  wh ich  are  not l i kel y to  happen  wi th  respect to  the  phys ics  of fa i l u re.  

An  example  of ri sk anal ysis  by COTS  sem iconductor m icroci rcu i t  type  is  g i ven  in  Annex C.  

NOTE  The  OEM  cons iders  as  many accelerati on  model  assessments  as  test  s tructures  i den ti fi ed  by the  ri sk 
anal ys i s  (see  4 . 5. 4 ).  

4.5.3  OCM ’s  techn ical  data avai labi l i ty and  relevance  

Based  on  the  semiconductor microcircuit process  node  qual i fication  campaign  and/or other 
speci fic tests ,  the  OCM  can  determ ine,  for a  COTS sem iconductor m icroci rcu i t,  some  
re l iabi l i ty l evels  at  g i ven  temperatures  and  extract some characteristics  ( for example  fa i lu re  
and  degradation  mechan isms,  acceleration  factors)  impacting  the  semiconductor microcircuit 
wear-ou t and  hereafter the  semiconductor microcircuit l i fetime.  

After that  the  OEM  conducts  the  fol l owing  tasks:  

a)  Col l ect  a l l  the  techn ical  data  (for example  qual i fi cation  and /or raw tests  resu l ts  obta ined  
under stressed  cond i tions,  fa i l u re  and  degradation  mechan isms,  acceleration  models ,  
etc. )  wh ich  can  con tribute  to  the  process  and  extrapolate  the  component l i fetime from  the  
OCM ’s  tests  cond i tions  to  the  OEM’s  cond i tions  as  wel l  as  the  fa i l u re  mechan isms 
i denti fied  i n  4 . 5. 2 .   

b)  Anal yse  thei r re levancy.  I n  particu lar,  i f the  raw test resu l ts  are  imported  from  product 
qual i fication  report,  check whether the  test cond i ti ons  are  re levant enough  to  i nduce  the  
stress  correspond ing  to  the  fai l u re  mechan ism  described  by the  acceleration  model .  Th is  
veri fication  is  not  needed  i f raw test resu l ts  are  derived  from  wafer foundry qual i fication .  

c)  I denti fy and  document,  accord ing  to  a)  and  b) ,  a  cred ib le  path :  

•  acceleration  models  assessment wi th  techn ica l  data  from  the  ori g ina l  component 
manufacturer (see  4 . 5. 4 . 1 );  

•  acceleration  models  assessment conducted  as  a  speci fic acti vi ty under the  OEM’s  
responsib i l i ty (see  4 . 5. 4. 2);  or  

•  reconsideration  of the  choice  of the  COTS sem iconductor m icroci rcu i t,  se lection  of 
another sem iconductor m icroci rcu i t  reference  (see  4. 8 . 2)  and  restart  of the  process  
from  the  beg inn ing .  

NOTE  As  many acceleration  model  assessments  and  l i fetime  computations  as  test  s tructu res  i denti fi ed  by the  ri sk 
anal ys i s  are  considered  by the  OEM  (see  4 . 5. 4).  

4.5.4  Acceleration  models  assessment paths  

4.5.4. 1  Acceleration  models  assessment by the  OEM  wi th  techn ical  data from  the 
OCM  

I f the  techn ical  data  from  the  OCM  are  avai lab le  and  relevant (see  4 . 5. 3) ,  then  the  OEM  can :  

•  e i ther cons ider the  acceleration  models  ( i f avai lab le)  re lated  to  the  fa i lu re  mechan isms 
previous l y i denti fied  i n  4 . 5. 2;  or 

•  extract the  test data  for defin ing  the  appropriate  acceleration  models.  
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The  acceleration  models  wi l l  then  be  used  in to  compu tations  to  determ ine  the  expected  
sem iconductor m icroci rcu i t  l i fetime (see  4 . 6).  

Th is  approach  is  defined  as  defau l t because  the  acceleration  models  provided  by the  OCM  
are  developed  speci fical l y for the  node/sem iconductor m icroci rcu i t and  hence  i nclude  a l l  the  
technolog ica l  cons iderations .  

4.5.4.2  Acceleration  models  assessment by the  OEM  as  a  specific  activi ty  

4.5.4.2 .1  General  

The OEM  can  make wear-ou t assessments  when  the  techn ical  data  provided  by the  OCM  are  
not sufficien t,  not re levant,  are  m iss ing ,  not communicated ,  or i f the  acceleration  models  are  
not avai lable.  

4.5.4.2 .2  Acceleration  models  relevant to  the  semiconductor microci rcu i t  
technology 

Regard ing  the  fa i l u re  and  degradation  mechan isms  identi fi ed  during  the  risk anal ysis  (see  
4. 5. 2) ,  the  OEM  can  cons ider techn ica l  data  (for example,  tests  resu l ts)  and  acceleration  
models  com ing  from  d i fferen t sources,  for example:  

•  publ ic  sources  such  as  scien ti fic publ ications;  

•  service  providers’  sources.  

Nevertheless,  both  raw test  resu l ts  and  acceleration  models  need  to  be  appropriate  to  the  
COTS semiconductor microcircuit technology (at both  back end  of the  l i ne  (BEOL)  and  fron t end  
of the  l ine  (FEOL)  l evels) .  

The  OEM  needs  to  demonstrate  that a l l  these  data  and  acceleration  models  are  cred ib le  and  
re levant.  

As  a  consequence,  the  OEM  carries  ou t the  fol lowing  tasks:  

– Get access  to  the  BEOL and  FEOL technology data  i nclud ing  arch i tecture,  d imensions  and  
materia ls .  The  l i st  of technology parameters  requ ired  is  defined  in  Annex D .  The  
technolog ical  data  can  be  extracted  by DPA or d i rectl y from  the  OCM  data.  

– P ick up  or ca l i brate  fai l u re  and  acceleration  models  on  experiment resu l ts  i n  agreement 
wi th  the  technology of the  COTS  sem iconductor m icrocircu i t  i nvestigated .  Some examples  
of generic  acceleration  models  expressed  by fa i l u re  mechan isms  are  provided  in  Annex E .  

The  acceleration  models  wi l l  then  be  used  in  computations  to  determ ine  the  expected  
sem iconductor m icroci rcu i t  l i fetime  (see  4 . 6).  

NOTE  I n  service  fai l u re  col l ection  or re l i abi l i ty d ata  re lated  to  the  COTS  sem iconductor m icroci rcu i t  and  i ts  
technol ogy or to  a  s im i l ar COTS  sem iconductor m icroci rcu i t  and  technology can  help  the  demonstration .  

4.6  Li fetime  calcu lation  of COTS semiconductor m icrocircu i t  in  mission  

The OEM  uses  the  acceleration  models  i n to  computations  to  determine  the  expected  
sem iconductor m icroci rcu i t  l i fetime taking  i n to  account the  appl ication  of the  operati ng  and  
thermal  m ission  profi les  i nclud ing  the  envi ronment and  the  derati ng  cond i ti ons  (see  4. 2. 3 . 2) .  

The  OEM  can  refer to  4 . 7  to  assess  the  resu l ts  of the  computation .  

4.7  Li fetime  compl iance of COTS semiconductor m icrocircu i t  in  mission  

The OEM  checks  whether the  COTS  sem iconductor m icroci rcu i t l i fetime i s  acceptable  wi th  
regard  to  the  sem iconductor m icroci rcu i t  m ission  l i fetime requ i rement (see  4. 3. 2) .  
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I n  case  of l i fetime compl iance,  the  OEM  refers  to  4 . 9  for ed i ting  the  fi nal  report and  the  COTS  
sem iconductor m icroci rcu i t  se lection  can  be  accepted .  

I n  case  the  COTS  sem iconductor m icroci rcu i t  l i fetime i s  not  acceptable,  the  OEM  reconsiders  
the  s i tuation  (see  4. 8) .  

4.8  Si tuation  reconsideration  and  al ternatives  

4.8. 1  General  

I f the  l i fetime compu ted  for the  COTS sem iconductor m icroci rcu i t does  not meet the  l i fetime  
requ i rement for the  sem iconductor m icrocircu i t  i n  m iss ion  (see  4 . 7)  or i f the  COTS 
sem iconductor m icrocircu i t  l i fetime  speci fied  by the  OCM  is  not compl ian t wi th  both  the  
sem iconductor m icroci rcu i t  m ission  profi le  and  the  l i fetime requ i rements  (see  4 . 4. 2),  the  OEM  
can  recons ider the  s i tuation  and  seek an  a l ternative  (see  4 . 8. 2  and  4 . 8. 3) .  

4. 8.2  Semiconductor microcircu i ts  change  

The OEM  has  the  possib i l i ty to  recons ider the  choice  of the  sem iconductor m icroci rcu i t,  to  
se lect another sem iconductor m icrocircu i t  reference,  and  to  restart  the  process  from  the  
beg inn ing .  

4.8.3  Li fetime  m itigation  solu tions  

4.8.3. 1  General  

Miti gation  techn iques  can  extend  the  COTS semiconductor microcircuit's operating  l i fe  and  
hence  the  semiconductor microcircuit's l i fetime.  

Poten tia l  solu tions  to  m i ti gate  earl y wear-out  effects  are  the  mod i fication  of the  operati ng  and  
thermal  m iss ion  profi les  (see  4 . 8 .3 . 2)  or other m i tigation  d ispos i ti ons  such  as  the  i n troduction  
of appropriate  main tenance operations  or redundancy actions  (see  4. 8. 3 . 3  and  4 . 8. 3. 4).  

The  OEM  needs  to  demonstrate  the  relevance  of the  appl ied  m i tigation  solu tion  (for example  
resu l ts  from  techn ical  anal ys is,  assessments  and /or s imu lations;  evolu tion  of cond i ti ons  
re lated  to  the  operating  and  thermal  m ission  profi l es  or to  the  sem iconductor m icroci rcu i t  
l i fetime i tsel f) .  

The  m i ti gation  d isposi ti ons  i den ti fied  i n  4 . 8 . 3  are  not  l im i tati ve  and ,  i n  any case,  each  one  
needs  to  be  documented  i n  the  fina l  report  (see  4 . 9) .  

4.8.3.2  M i tigation  of stresses  induced  by the  operating  and  thermal  mission  profi l e   

The m i ti gation  by the  operati ng  and  thermal  m iss ion  profi l es  cons ists  i n  decreasing  the  
e lectrical  and  thermal  s tress  factors  by cons idering ,  i f appl icable ,  one  or several  of the  
fol l owing  poss ib i l i ties  (non- l im i tati ve  l i s t) :  

•  ad j ust  temperature  accord ing  to  the  dom inant fa i lu re  mechan ism  by carrying  ou t for 
example  pass ive  and /or acti ve  cool i ng  action  at  sem iconductor m icrocircu i t,   e l ectron ic 
board ,  e lectron ic equ ipment or system  l evel ;  

•  ad j ust  the  sem iconductor m icrocircu i t rate  of so l ici tation  regard ing  the  fa i l u re  mechan ism ;  

•  decrease  the  operating  frequency;  

•  decrease  the  b ias  vol tage.  

With  th is  l i fetime m i ti gation ,  the  operating  and  thermal  m ission  profi les  change at  COTS  
sem iconductor m icroci rcu i t l evel  (see  4. 2. 3. 2)  and  the  OEM  redoes  a  part  of the  process  wi th  
a  l i fetime re-computation  and  l i fetime compl iance  check (see  F igure  1 ) .   
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NOTE  Adequate  component  derati ng ,  especia l l y for vol tage  and  temperatu re,  can  ass i st  wi th  the  m i ti gation  of 
s tresses  and  can  i ncrease  the  pred icted  l i fetime  i n  the  appl i cation .  Derati ng  s tandards  i ncl ude,  for example,  GEIA-
STD-0008.  

4.8.3.3  M i tigation  by maintenance  

Mitigation  by maintenance can  re l y for example  on :  

– the  development of embedded  heal th  mon i toring  techn iques;  

– the  set up  of pre-defined  schedu led  actions.  

Miti gation  by main tenance  can  be  cons idered  i f the  number of preventive  main tenances  n  
satisfies  the  fo l lowing  cond i tion :  

 
r

c

L
n

L
≥    

where:  

Lr   i s  the  l i fetime requ irements  for the  COTS sem iconductor m icroci rcu i t  i n  m ission ;  and  

Lc   i s  the  l i fetime  calcu lation  for the  COTS sem iconductor m icrocircu i t  i n  m ission .  

I n  th is  case,  the  l i fetime requ irements  at sem iconductor m icroci rcu i t l evel  can  be  ad j usted  to  
the  l i fetime  compu ted  for the  COTS  sem iconductor m icrocircu i t  i n  m iss ion .  

Hence,  the  OEM  restarts  the  process  from  4. 3. 2,  cons idering  then  e i ther 4 . 4. 2  wi th  regard  to  a  
COTS sem iconductor m icroci rcu i t l i fetime  speci fied  by the  OCM  or 4. 7  when  the  l i fetime has  
been  assessed  and  computed  by the  OEM  (see  F igure  1 ) .  

4.8.3.4  M i tigation  by redundancy 

This  ki nd  of m i tigation  can  be  i n troduced  by implementing ,  for example,  co ld  redundancy at 
sem iconductor m icroci rcu i t or e lectron ic equ ipment l evel ,  or potential l y at e lectron ic board  
l evel .  

M i ti gation  by redundancy can  be  cons idered  i f the  number of redundancies  m  satisfies  the  
fol lowing  cond i ti on :  

 
r

c

L
m

L
≥   

where:  

Lr   i s  the  l i fetime requ irements  for COTS sem iconductor m icroci rcu i t  i n  m iss ion ;  and  

Lc   i s  the  l i fetime  calcu lation  for COTS sem iconductor m icroci rcu i t  i n  m ission .  

I n  th is  case,  the  l i fetime requ i rements  at COTS sem iconductor m icroci rcu i t l evel  can  be  
ad j usted  to  the  l i fetime computed  for the  COTS  sem iconductor component i n  m ission .  

Hence,  the  OEM  restarts  the  process  from  4. 3. 2,  cons idering  then  e i ther 4 . 4. 2  wi th  regard  to  a  
COTS sem iconductor m icrocircu i t l i fetime speci fied  by the  OCM  or 4. 7  when  the  l i fetime has  
been  assessed  and  computed  by the  OEM  (see  F igure  1 ) .  

4.9  Final  report  

The OEM  re leases  a  fina l  report  us ing ,  for example,  the  template  wi th  the  i tems  mentioned  in  
Annex F.  
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Th is  report refers  to  a l l  techn ical  and  demonstration  data  re lated  to  the  COTS sem iconductor 
m icroci rcu i t,  and  provides  recommendations  wi th  regard  to  i ts  selection  acceptance.  

5 Considerations  wi th  regard  to  semiconductor ageing  level  estimation  for 
semiconductor microcircui ts  

During  the  past  years,  some speci fic  techn iques  for mon i toring  sem iconductor ageing  have  
been  investigated  for re l iabi l i ty-cri tica l  appl ications.  I f these  techn iques  are  implemented  by 
the  OCM,  they can  be  used  to  quanti fy and  record  the  ageing  l evel  in  real -time during  the  
m ission  (more  deta i l s  provided  for example  i n  [2 ] ,  [1 4 ] 1 ) ,  and  thereafter can  be  used  to  take  
adequate  measures  i n  a  timel y manner (for example  sem iconductor m icroci rcu i t  replacement,  
d ynam ic vol tage-frequency scal i ng ,  etc. ) .  

However,  for a  COTS  sem iconductor m icroci rcu i t,  the  OEM  cannot re l y on l y on  th is  type  of 
function  and  possibi l i ty,  especial l y wi thou t a  l i fetime  assessment during  the  sem iconductor 
m icroci rcu i t se lection  (by us ing  th is  document,  for example,  and  va l i dati ng  the  re levance of 
the  OCM  ageing  level  estimation  function).  I ndeed ,  i f i t  tu rns  ou t that  the  l i fetime of the  
sem iconductor m icroci rcu i t i s  not appropriate  for the  OEM’s  m ission  profi l e,  the  OEM  wi l l  
real i ze  th is  during  the  m ission  and  th is  wi l l  potentia l l y be  too  l ate.  

The  sem iconductor ageing  mon i toring  techn ique  and  function  as  presented  i n  [2 ]  can  be  
implemented  by the  OEM  i n  an  FPGA appl ication ,  for example,  and  can  be  an  add i tional  
source  of ageing  con trol .  

NOTE  Th is  techn i que  i s  not  appl i cable  for a l l  n on -programmable  sem iconductor m icroci rcu i ts  (memories,  
m icrocontrol l ers,  m icroprocessors ,  etc. ).  

I n  any case,  such  sem iconductor ageing  mon i toring  techn ique  and  add i ti onal  function  need  to  
be  non- in trus ive  wi th  regard  to  the  operational  function  implemented  i n to  the  sem iconductor 
m icroci rcu i t and  not l ead ,  via  thei r own  ageing  and  a  poten tia l  fa i l u re  (for example  oxide  
breakthrough  by TDDB or EM  problem)  to  a  fa i l u re  of the  trans istors  used  for the  operational  
function  (for example  leakage  current) .  

 

____________ 

1   Numbers  i n  square  brackets  refer to  the  B i b l i ography.  
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Annex A 
(informative)  

 
Fai lure  and  degradation  mechanisms of 

COTS semiconductor microcircu i ts  

 

By scal ing  technology feature  s i zes  below 0, 1  µm ,  curren t  l eakage,  densi ty and  i n ternal  
stresses  (power per un i t  volume,  e lectric fie ld )  wi th in  d ig i ta l  sem iconductor m icroci rcu i ts  (for 
example  SRAMs,  DRAMS (SDRAMs,  DDR series),  flash  memories  (NOR log ic  gate,  NAND  
log ic gate),  MRAM,  m icrocontrol lers,  m icroprocessors  and  FPGA)  have  been  greatl y 
i ncreased  because  the  b ias  vol tage  and  curren ts  on  one  s ide,  and  the  geometric features  on  
the  other s ide,  have  not been  shrunk in  a  homothetic  way by the  same factor.  As  a  
consequence  for these  ki nds  of sem iconductor m icroci rcu i ts,  i n ternal  e l ectrical  stresses  have  
enhanced  fa i l u re  and  degradation  mechan isms and  can  impact both  the  re l iab i l i ty and  
operating  l i fe  i n  the  appl i cation  environment.  

Some fa i l u re  and  degradation  mechan isms  have  been  l i s ted  in  Table  A. 1 .  Th is  l i s t  i s  non-
exhaustive  wi th  regard  to  sem iconductor technolog ies  and/or materia ls  changes.  

NOTE  Al l  the  fai l u re  mechan isms l i s ted  i n  Table  A. 1  are  tri ggered  by the  b i as  vol tage  and  enhanced  wi th  
temperatu re.  

Table  A. 1  – Some fai lu re  and  degradation  mechan isms  for 
COTS semiconductor m icrocircu i ts  

Fai lure  mechan ism  Mode Location  Catal yst factor 

Electro-m igration     S i gnal s  t im ing  degradation  
due  to  the  i ncrease  of the  
BEOL l i ne  res i sti vi ty    

BEOL metal  l i nes  or 
i n terconnection     

Current  and  h i gh  
temperatu re  

I n ter/i n tra  t ime  dependent 
d i e l ectri c  breakdown  
(TDDB  BEOL)  

•  I ncrease  of l eakage  
currents  

•  BEOL metal  shortcu t  

•  I n ter-metal l i c  BEOL 
oxi des  

•  I n tra-metal l i c  BEOL 
oxi des  

B ias  vol tage  and  h i gh  
temperatu re  

Gate  dependent  d i e lectri c  
breakdown  (TDDB  FEOL)  

I ncrease  of l eakage  
curren ts  

Gate  oxide  B ias  vol tage  and  h i gh  
temperatu re  

Hot carrier i n j ection  (HCI )  S i gnal s  tim ing  degradation  
due  to  sh i ft  of transistors  
th reshold  vol tage  

Gate  oxide  ( i n terface  and  
vol ume)  

B ias  vol tage  and  
temperatu re  

B ias  temperatu re  
i nstabi l i ti es  (BTI :  NBTI ,  
PBTI )  

S i gnal s  t im ing  degradation  
due  to  sh i ft  of trans istors  
threshold  vol tage  

Gate  oxide  ( i n terface  and  
vol ume)  

B ias  vol tage  and  h i gh  
temperatu re  

 

As  e lemen ts  wi th in  an  e lectron ic  equ ipment du ring  operational  usage,  the  sem iconductor 
m icroci rcu i ts  wi l l  degrade  away from  thei r i n i ti a l  characteristics,  and  the  time at  wh ich  the  
sem iconductor m icroci rcu i ts  fa i l  i n tri nsica l l y i n  the  appl ication  i s  dependen t on  a  complex 
function  of a  l arge  number of factors ,  i ncl ud ing  technolog ical  features  (s ize  and  materia l ) ,  
deployment,  envi ronmenta l  and  appl ication  e lectri ca l  stresses.  I nvesti gation  of these  effects  
i n  sem iconductor m icrocircu i ts  wi th  geometric  feature  s i zes  be low 0, 2  µm  has  been  carried  
ou t by the  Aerospace Veh icle  Systems  I nsti tu te  as  part of proj ects  AFE  1 7  [1 5]  and  AFE  71  
[1 6] .  Gu idance  on  fai l u re  mechan isms  and  model l i ng  is  g i ven  i n  JEDEC JEP  1 22  [5]  and  
DSIAC (formerl y RIAC)  publ ication  “Phys ics  of Fai l u re  Based  Handbook of M icroelectron ics  
Systems”  [1 1 ] .  

  

Provided by IHS Markit under l icense with  IEC



I EC TR 62240-2: 201 8  © I EC  201 8  – 21  –  

Derati ng  the  sem iconductor m icroci rcu i t  stressors  can  m i tigate  such  mechan isms and  can  
enable  the  improvement of both  the  sem iconductor m icroci rcu i t re l iab i l i ty and  i ts  operating  l i fe  
capabi l i ty.  The  derati ng  may take  several  forms  wh ich  include  vol tage  derati ng ,  operating  
frequency reduction ,  part  held  in  standby unti l  the  requ i red  reduction  of power has  d iss ipated ,  
and  envi ronment improvement.  Methods  of thermal  derating  of sem iconductor microcircuits  are  
detai l ed  i n  JEDEC JEP1 49  [6]  and  methods  for determ in ing  the  acceleration  factors  form  
testing  are  deta i led  i n  JEDEC JESD91  [9] .  

Standards  and  reference i n formation  wh ich  can  be  usefu l  when  addressing  the  wear-ou t  
requ irement are:  JEDEC JESD47  [8 ] ,  JEDEC JESD91  [9] ,  J EDEC JEP  1 22  [5]  and  DSIAC 
(formerl y RIAC)  publ ication  “Phys ics  of Fai l ure  Based  Handbook of M icroelectron ic Systems”  
[1 1 ] .  

Moreover OCMs measure  and  control  some of these  fa i lu re  mechan isms  during  
sem iconductor wafer process  qual i fication  accord ing  to  JEDEC JP001  [7 ] .  Nevertheless,  
currently,  most OCMs control  these fai lures mechanisms for only ten  years of operation  or less.  
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Annex B  
(informative)  

 
Example of operating  and  thermal  mission  profi le  for a  COTS 

semiconductor microcircui t 

Figure  B. 1  provides  an  example  of thermal  and  operating  m ission  profi l e  for a  COTS  
sem iconductor m icroci rcu i t  implemented  i n  an  e lectron ic equ ipment located  on  the  avion ic  bay 
of a  ci vi l  a i rcraft.  

 

Figure B. 1  – Example of thermal  and  operating  mission  profi le  for a  semiconductor 
microci rcu i t  implemented  in  an  electronic  equ ipment located  on  the  avion ic bay 

of a  civi l  ai rcraft,  assuming  30  °C  of thermal  d issipation  

The cond i ti ons  are:  

•  E lectron ic equ ipment “OFF”,  sem iconductor m icrocircu i t  “OFF”  

– dai l y operating  profi l e:  g round  (4, 2  h /d  at  1 5  °C);  

– yearl y operati ng  profi l e :  350  days  a  year over 30  years.  

•  E lectron ic equ ipment “ON”,  sem iconductor m icroci rcu i t  b iased  

– dai l y operati ng  profi le :  3  fl i ghts  a  day (5, 2  h  each  at 40  °C)  and  2  l ay-overs  a  day (2  h  
each  at 55  °C) ;  

– yearl y operating  profi l e :  350  days  a  year over 30  years .  
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Annex C  
(informative)  

 
Risk of fai lure  and  degradation  mechanisms according  

to  the type of COTS  semiconductor microcircui t 

Table  C. 1  provides  typical  fa i l u re  and  degradation  mechan isms  accord ing  to  the  fam i l y and  
the  structure  of the  COTS sem iconductor m icroci rcu i ts .  

Table  C. 1  – Typical  fai lure  and  degradation  mechanisms  according  to  the  
COTS semiconductor m icrocircu i t  fami ly and  structure   

Fai lure  
mechan ism  

Semiconductor 
m icroci rcu i t structure  

Semiconductor m icroci rcu i t  fami l y (<  90  nm  process)  

FPGA M icroprocessor DRAM  Flash  SRAM  

EM  Level s  

G lobal  x x  x  x  x  

In termediate  x x  NA NA NA 

Local  x x  x  x  x  

TDDB 
BEOL 

Level s  

G lobal  x x  x  x  x  

In termediate  x x  NA NA NA 

Local  x x  x  
x  ( i f l ow-k 
d ie l ectri cs)  

NA 

TDDB 
FEOL 

I /O   
NMOS x x  x  x  x  

PMOS x x  x  x  x  

Core  
NMOS x x  NA NA x 

PMOS x x  NA NA x 

Capaci tor Oxide  NA NA x NA NA 

HCI  

I /O   
NMOS x x  x  x  x  

PMOS x x  x  x  x  

Core  
NMOS x x  x  x  x  

PMOS x x  NA NA x 

BTI  

I /O   
NMOS x x  x  x  x  

PMOS x x  x  x  x  

Core  
NMOS 

x ( i f h i gh -k 
d iel ectri cs)  

x ( i f h i gh -k oxides)  NA NA 
x ( i f h i gh -k 
d iel ectri cs)  

PMOS x x  NA NA x 

"x”  means  “ i s  consi dered ” .  

“NA”  means  “not  appl i cable” .  

 

These  typical  fa i lu re  mechan isms  depend  on  l ot  of parameters,  such  as  the  sem iconductor 
m icroci rcu i t  fam i l y i tsel f,  sem iconductor technology and  process  node,  s i l i con  j unction  
structu re,  sem iconductor m icroci rcu i t  structure,  i n terconnections,  packag ing ,  materia ls.  
Therefore,  cons idering  the  evolu tion  of the  sem iconductor (such  as  process  node  scal ing ,  
etc. )  the  importance  of these  parameters  can  change  and ,  for example,  one  can  e i ther 
become neg l i g ib le  or cancel  one  another ou t.  Th is  confi rms  the  i n terest of the  l i fetime 
assessment process  and  the  method  considered  i n  th is  document.  
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Annex D  
(informative)  

 
BEOL and  FEOL technological  parameters  

Table  D. 1  presents  the  technolog ical  parameters  re lated  to  COTS sem iconductor 
m icroci rcu i ts .  

These  technolog ica l  parameters  can  be  extracted  i n  order to  inpu ts  to  the  path  and  approach  
3  (see  4. 1  and  4. 5. 4. 2) .  

Table  D. 1  – BEOL and  FEOL technological  parameters   

BEOL and  FEOL 
technolog ical  parameters  

Parameter Notation  Un i t  

BEOL Global  wi res  Natu re  of metal l i zati on  NA NA 

Natu re  of i nsu lati on  oxi des  NA NA 

Wid th  of metal  wi res   W
GLOBAL

 nm  

Th ickness  of metal  wi res  T
GLOBAL

 nm  

Wi re-to-wi re  pi tch  P
GLOBAL

 nm  

In termediate  wi res  Natu re  of metal l i zati on  NA NA 

Natu re  of i nsu lati on  oxi des  NA NA 

Wid th  of metal  wi res   W
I NTERMEDI ATE

 nm  

Th ickness  of metal  wi res  T
I NTERMEDI ATE

 nm  

Wi reto-wi re  p i tch  P
I NTERMEDI ATE

 nm  

Local  wi res  Natu re  of metal l i zati on  NA NA 

Wid th  of metal  wi res   NA NA 

Th ickness  of metal  wi res  W
LOCAL

 nm  

D imension  of metal  wi res  T
LOCAL

 nm  

Wi re-to-wi re  p i tch   P
LOCAL

 nm  

FEOL I /O  transi stors  Natu re  of gate  oxi de  NA NA 

Equ ivalent  oxide  th i ckness  EOT
I /O
 nm  

Gate  oxide  surface  S
G_I /O

 nm  

Natu re  of gate  NA NA 

Gate  l ength  L
G_I /O  

nm  

Gate  wi d th  W
G_I /O

 nm  

Core  transistors  Natu re  of gate  oxi de  NA NA 

Equ ivalen t  oxide  th i ckness  EOT
CORE

 nm  

Gate  oxide  surface  S
G_CORE

 nm  

Natu re  of gate  NA NA 

Gate  l ength  L
G_CORE  

nm  

Gate  wi d th  W
G_CORE

 nm  

Substrate  Natu re  of substrate  NA NA 

“NA”  means  “not  appl i cable" .  
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Annex E  
(informative)  

 
Generic acceleration  models  

Table  E. 1  provides  examples  of a  generic  acceleration  model  based  on  the  fai l u re  and  
degradation  mechan ism ,  and  based  on  the  in ternal  sem iconductor m icrocircu i t  structure.  

Table  E. 1  – Examples  of generic  acceleration  model  based  
on  the  fai lu re  and  degradation  mechan ism,  and  based  
on  the  in ternal  semiconductor m icrocircu i t  structure  

Fai lure  
mechan ism  

Level  Acceleration  model  

EM  Global  

I n termediate  

Local  









−⋅−

⋅







⋅








= TESTMISSION

a 11

MISSION

TEST

MISSION

TEST
EM

TTk

E
nn

e
V

V

f

f
AF  

TDDB BEOL Global  

I n termediate  

Local  

( ) 







−⋅

−⋅ ⋅⋅







= TESTMISSION

a

TESTMISSION

11

MISSION

TEST
TDDB_BEOL

TTk

E

EEG
n

ee
S

S
AF  

TDDB FEOL I /O  

( ) 







−⋅

−⋅ ⋅⋅







= TESTMISSION

a

TESTMISSION

11

MISSION

TEST
I/OTDDB_FEOL_

TTk

E

EE
n

ee
S

S
AF

γ
 

Core  








−⋅

⋅







⋅








= TESTMISSION

a 11

MISSION

TEST

MISSION

TEST
CORETDDB_FEOL_

TTk

E
n

e
V

V

S

S
AF

γ
 

Capaci tor 
(DRAM)  

a

MISSION TEST

1 1

TEST
TDDB_CAPACITOR_DRAM

MISSION

E

k T TV
AF e

V

γ  
⋅ − 
  

= ⋅ 
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HCI  I /O  









−⋅

−








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






= TESTMISSION

a

TESTMISSION

1111

MISSION

TEST
HCI_I/O

TTk

E

VV
n

ee
f

f
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γ
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







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






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a
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E
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eeAF
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BTI  I /O  
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






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a
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Annex F  
(informative)  

 
F inal  report 

Table  F. 1  provides  a  template  for the  fi nal  report.  

Table  F .1  – Template  for final  report  

COTS semiconductor m icrocircu i t  l i fetime:  

Report reference  number:  

COTS semiconductor m icrocircu i t  reference:  

Electron ic  equ ipment/appl ication:  

•  Mission  profi le:  

Li fetime  
i n  

mission :  
Target  

Li fetime 
estimated  

Method  used  Fai l ure  
mechan ism  

Functional  
block 

Method  used  Acceleration  model  Demons-
trated  by 

(supporting  
document 
references  
and  brief 

description )  

Example:  
0 , 1  %  of 
fa i l ed  
samples  
over 1 5  
years  

Example:  
0 , 1  %  of 
fa i l ed  
samples  
over 1 0  
years  

Example:  
L i fetime  

assessment by 
OEM  

Example:  
HCI  

Example:  
I /O,  core…  

Example:  
Assessment  
wi th  re l i abi l i ty 
data  from  OCM  

1 1 1 1a

MISSION TEST MISSION TEST
HCI_CORE

E

V V k T T
AF e e

γ
   
⋅ − ⋅ −   
   = ⋅  

Example:  
Process  node  
qual i fi cation  

report  
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•  Mitigation:  

Mi tigation  needed  M i tigation  techn ique used  Demonstrated  by (supporting  document references  and  
brief description )  

Example:  Yes  Example:  Col d  redundancy     

   

   

 

•  Recommendation  wi th  regard  to  the  selection  of the  COTS semiconductor m icrocircu i t  reference:  

•  Recommendation  with  regard  to  the  selection  of the  COTS  semiconductor 
microcircu i t  reference:  

 

OEM  name:  

Date:  

OEM  authori ty:  

– Name:  

– Function :  

– S ignature:  
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