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TERRESTRIAL PHOTOVOLTAIC (PV)  MODULES –  

GU IDELINES FOR INCREASED CONFIDENCE IN  PV  
MODULE DESIGN  QUALIFICATION  AND TYPE APPROVAL 

 
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 ,  Publ 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)” ).  The i 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 ternati onal ,  g overnmen tal  and  non -
governmen ta l  organ izati 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 Standard izati on  ( I SO)  i n  accordance  wi th  cond i ti ons  determ ined  by 
ag reement between  the  two  organ izati ons.  

2 )  The  formal  deci s ions  or ag reemen ts  of I EC  on  techn ical  matters  express,  as  nearl y as  poss ib l e,  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  Publ i cati ons  have  the  form  of recommendati ons  for i n ternati ona l  u se  and  are  accepted  by I EC  Nati onal  
Commi ttees  i n  that  sense.  Wh i l e  a l l  reasonabl e  efforts  are  made  to  ensu re  that  the  techn ica l  con ten t  of I EC  
Publ i cati ons  i s  accu rate,  I EC  cannot be  hel d  responsibl e  for the  way i n  wh i ch  they are  used  or for any 
m is in terpretati on  by any end  u ser.  

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

5)  I EC  i tse l f does  not  provi de  any a ttestati on  of con form i ty.  I ndependen t  certi fi cati on  bod ies  provi de  con form i ty 
assessmen t services  and ,  i n  some  areas,  access  to  I EC  marks  of conform i ty.  I EC  i s  not  responsibl e  for any 
services  carri ed  ou t  by i ndependen t  certi fi cati on  bod i es .  

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

7)  N o  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 n cl ud i ng  i nd i vi dual  experts  and  
members  of i ts  techn ical  commi ttees  and  I EC  Nati onal  Commi ttees  for any personal  i n j u ry,  property damage  or 
other damage  of any natu re  whatsoever,  whether d i rect  or i n d 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 ,  use  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 tion  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  publ i cati ons  i s  
i nd i spensabl e  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  not  be  he l 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 ical  commi ttees  i s  to  prepare  I n ternational  Standards.  I n  
exceptional  ci rcumstances,  a  techn ical  commi ttee  may propose  the  publ ication  of a  techn ical  
speci fication  when  

•  the  requ i red  support cannot be  obtained  for the  publ ication  of an  I n ternational  Standard ,  
despi te  repeated  efforts,  or 

•  the  subject i s  sti l l  under techn ical  development or where,  for any other reason ,  there  i s  the  
fu ture  bu t no  immed iate  possibi l i ty of an  agreement on  an  I n ternational  Standard .  

Techn ical  speci fications  are  subject to  review wi th in  th ree  years  of publ ication  to  decide  
whether they can  be  transformed  in to  I n ternational  Standards.   

I EC  TS  62941 ,  wh ich  i s  a  techn ical  speci fication ,  has  been  prepared  by I EC techn ical  
commi ttee  82 :  Solar photovol taic energy systems.  
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The  text of th is  standard  i s  based  on  the  fol l owing  documents:  

FDIS  Report  on  voti ng  

82/994/DTS  82/1 049/RVC 

 
Fu l l  i n formation  on  the  voting  for the  approval  of th is  techn ical  speci fication  can  be  found  in  
the  report on  voting  i nd icated  i n  the  above  table.  

Th is  publ ication  has  been  drafted  i n  accordance  wi th  the  ISO/IEC Di rectives,  Part 2 .  

The  commi ttee  has  decided  that the  conten 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  web  s i 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   

•  Transformed  i n to  an  I n ternational  standard  

•  reconfi rmed ,  

•  wi thdrawn ,  

•  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.  
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TERRESTRIAL PHOTOVOLTAIC (PV)  MODULES –  
GU IDELINES FOR INCREASED CONFIDENCE IN  PV  

MODULE DESIGN  QUALIFICATION  AND TYPE APPROVAL 
 
 
 

1  Scope 

Th is  Techn ical  Speci fication  i s  appl icable  to  s i tes  manufacturing  photovol ta ic (PV)  modu les  
certi fied  to  I EC  61 21 5  or I EC  61 646  for design  qual i fication  and  type  approval .  The  design  
qual i fi cation  and  type  approval  of PV modu les  depend  on  appropriate  methods  for product 
and  process  design ,  as  wel l  as  appropriate  con trol  of materials  and  processes  used  to  
manufacture  the  product.  Th is  techn ical  speci fication  l ays  ou t best practices  for product 
design ,  manufacturing  processes,  and  selection  and  con trol  of materia ls  used  in  the  
manufacture  of PV modu les  that have  met the  requ i rements  of I EC  61 21 5,  I EC  61 646,  or 
I EC  621 08.  These  gu idel ines  a lso  form  the  basis  for factory aud i t cri teria  of such  s i tes  by 
various  certi fying  and  aud i tory bod ies.  

The  object of th is  techn ical  speci fication  i s  to  provide  more  confidence  i n  the  ongoing  
consistency of performance  and  re l iabi l i ty of certi fi ed  PV modu les.  The  requ i rements  of th is  
techn ical  speci fication  are  defined  wi th  the  assumption  that the  qual i ty management system  of 
the  organ ization  has  a l ready fu l fi l l ed  the  requ i rements  of I SO 9001  or equ ivalent qual i ty 
management system.  By main tain ing  a  manufacturing  system  in  accordance  wi th  th is  
gu idel i ne,  PV modu les  are  expected  to  main tain  thei r performance  as  determined  from  the  
test sequences  i n  I EC  61 21 5,  I EC  61 646,  or I EC 621 08.  

Th is  techn ical  speci fication  i s  appl icable  to  a l l  PV modu les  i ndependent of design  and  
technology i . e .  flat panel ,  concentrator photovol ta ic (CPV).  Qual i ty con trols  for CPV and  
nonconventional  fl at-plate  manufacturing  wi l l  d i ffer somewhat from  those  of more  conventional  
designs;  th is  techn ical  speci fication  has  not considered  these  d i fferences.  

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  6081 2,  Analysis techniques for system reliability –Procedure for failure mode and effects 
analysis (FMEA)  

I EC  60891 ,  Photovoltaic devices – Procedure for temperature and irradiance corrections to 
measured I-V characteristics 

I EC  60904-1 ,  Photovoltaic devices – Part 1 :  Measurement of photovoltaic current-voltage 
characteristics 

I EC  60904-2,  Photovoltaic devices – Part 2:  Requirements for photovoltaic reference devices  

I EC  60904-3,  Photovoltaic devices – Part 3:  Measurement principles for terrestrial 
photovoltaic (PV)  solar devices with  reference spectral irradiance data 

I EC  60904-4,  Photovoltaic devices – Part 4:  Reference solar devices – Procedures for 
establishing calibration traceability  
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I EC  60904-7,  Photovoltaic devices – Part 7:  Computation of the spectral mismatch correction 
for measurements of photovoltaic devices  

I EC  60904-9,  Photovoltaic devices – Part 9:  Solar simulator performance requirements 

I EC  61 21 5,  Crystalline silicon terrestrial photovoltaic (PV)  modules – Design qualification and 
type approval 

I EC  61 646,  Thin-film terrestrial photovoltaic (PV)  modules – Design qualification and type 
approval 

I EC  61 730-1 ,  Photovoltaic (PV)  module safety qualification – Part 1 :  Requirements for 
construction  

I EC  61 730-2,  Photovoltaic (PV)  module safety qualification  – Part 2:  Requirements for testing  

I EC  TS  61 836,  Solar photovoltaic energy systems – Terms,  definitions and symbols 

I EC  61 853-1 ,  Photovoltaic (PV)  module performance testing and energy rating – Part 1 : 
Irradiance and temperature performance measurements and power rating 

I EC  621 08,  Concentrator photovoltaic (CPV)  modules and assemblies – Design qualification 
and type approval 

I EC  62759-1 ,  Photovoltaic (PV)  modules – Transportation  testing – Part 1 :  Transportation and 
shipping of module package units  

I EC TS  6291 5,  Photovoltaic (PV)  modules – Retesting for type approval,  design and safety 
qualification 1  

I EC  TS  6291 6,  Bypass diode electrostatic discharge susceptibility testing for PV modules
1
 

I SO/IEC Gu ide  98-3:2008,  Uncertainty of measurement – Part 3:  Guide to the expression of 
uncertainty in  measurement 

3  Terms,  defin i tions  and  acronyms   

For the  purposes  of th is  document,  the  terms  and  defin i tions  i n  I SO  9000:2005,  I EC  TS  61 836  
and  the  fol lowing  apply.  

3.1   
containment  
action  taken  to  protect the  customer from  the  effect of a  s i tuation .  Containment may i nclude  
correcting  an  existing  s i tuation  or add ing  add i tional  screen ing  or retesting  

3.2   
control  plan  
documented  description  of the  systems  and  processes  requ i red  for con trol l i ng  the  product and  
process  qual i ty by addressing  the  key characteristics  and  eng ineering  requ i rements  

_____________ 

1   To  be  publ i shed .  
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3.3   
customer 
end  user,  i nvestor,  i nstal ler who  purchases  modu les  from  the  organ ization  

3.4  
design  l i fetime 
design  target period  during  wh ich  PV modu les  are  expected  to  safely satisfy the  speci fied  
performance  under the  speci fied  cond i tions  

Note  1  to  en try:  Speci fi ed  cond i ti ons  i ncl ude  appl i cati on  of u se,  i nsta l l ati on  envi ronmen t  con fi gu rati ons  and  
operati on  cond i ti ons  of the  PV modu l e  i n  u se.  The  desi gn  target  peri od  i s  set  consi deri ng  changes  i n  performance  
of PV modu les  d ue  to  ag i ng  d egradati on  of parts  and  materia l s  used  i n  the  stated  envi ronmen t.  

3.5  
Design  Fai lure  Mode  and  Effects  Analysis  
DFMEA 
appl ication  of the  Fai l u re  Mode  and  Effects  Analysis  (FMEA)  method  speci fical l y to  
product/service  

3.6   
define,  measure,  analyse,  improve and  control  
DMAIC  
data-driven  qual i ty strategy for improving  processes  and  an  i n tegral  part of a  S ix S igma 
qual i ty i n i tiati ve  

3.7   
electrostatic  d ischarge 
ESD 
sudden  fl ow of e lectrici ty between  two  electrical l y charged  objects  caused  by contact,  an  
e lectrical  short,  or d ie lectric breakdown  

Note  1  to  en try:  E l ectrostati c  d i scharge  even ts  are  known  to  damage  semiconductor d evices  such  as  d i odes .  

3.8   
Fai lure,  Modes  and  Effects  Analysis  
FMEA 
document that defines  the  design ,  process,  or solu tion  wi th  requ i rements  and  i ncludes  
poten tia l  modes,  causes  and  severi ty of effects  of fa i lu re,  a long  wi th  an  evaluation  of the  
l i kel ihood  of thei r occurrence  and  ease  of detection  

Note  1  to  en try:  FMEA provi des  a  mechan ism  to  pri ori ti ze  the  ri sks  and  take  appropri ate  m i ti gati on  steps .  

3.9   
key materials  
materia ls  that affect safety,  re l iabi l i ty,  or product performance  of the  PV modu le  

Note  1  to  en try:  Key materia l s  may i ncl ude  i nd i rect  materi a l s .  Those  materi a l s  wh ich  are  used  d u ri ng  the  
manu factu ri ng  process  of PV modu l es ,  bu t are  not found  i n  the  end  product.  I n  most  chemical  processes,  
catal yzers  are  i nd i rect  materi a l s .  

3.1 0   
organization  
enti ty that suppl ies  modu les  to  the  customer and  that has  responsibi l i ty for design ,  production ,  
and  after-service  for the  modu les  

Note  1  to  en try:  The  organ i zati on  may subcon tract  some  of i ts  responsib i l i t i es  for d esign ,  producti on ,  and  the  
after-sa les  servi ce.  

3.1 1   
out of box aud it 
pre-sh ipment aud it 
i s  meant to  s imu late  what a  customer wou ld  experience  when  they open  the  packing  box 
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Note  1  to  en try:  U sual l y the  ou t-of box aud i t  i s  carri ed  ou t as  fo l l ows:  Samples  of crates  or packi ng  boxes  are  
taken  from  the  de l i very wai ti n g  for sh i pmen t and  aud i ted  for compl i ance  to  packing ,  l abel i ng  i n structi ons,  
documen ts  a l ong  wi th  the  product,  and  fi nal l y the  product  i tse l f.  Product i s  veri fi ed  for compl i ance  to  customer 
requ i remen ts  i ncl ud i ng  vi sual ,  d imension  and  fu ncti onal .  Non -conformances  from  these  aud i ts  are  escapes  from  
the  processes  and  ou tgoing  i n spection  con tro l s .  These  non-con formances  are  ana l yzed  and  fed  back to  improve  
the  processes  and  con trol s  to  preven t  recu rrence.   

3.1 2   
out of control  action  plan  
OCAP 
supporting  document to  an  SPC (Statistical  Process  Control )  chart.  An  OCAP is  typical l y 
presented  as  a  fl owchart that gu ides  manufacturing  floor employees'  reactions  to  ou t-of-
con trol  s i tuations.  An  OCAP consists  of activators  (wh ich  define  ou t-of-con trol  cond i tions);  
checkpoin ts  (wh ich  are  l i kely causes  for the  cond i tions);  and  terminators  (wh ich  con tain  the  
action  that shou ld  resolve  the  cond i tions).  OCAPs  shou ld  be  dynamic and  updated  con tinual l y 
as  and  when  new knowledge  and  in formation  become avai lable.  A frequently occurring  OCAP 
activator i s  an  i nd ication  of a  systemic i ssue  i n  the  process  

3.1 3   
Plan ,  Do,  Check,  Act 
PDCA 
four-step  process  for qual i ty improvement 

Note  1  to  en try:  I n  the  fi rst  s tep  (P l an ),  a  way to  affect  improvemen t i s  devel oped .  I n  the  second  step  (Do),  the  
p l an  i s  carri ed  ou t,  preferabl y on  a  smal l  sca le .  I n  the  th i rd  s tep  (Check)),  a  study takes  p l ace  between  what  was  
pred icted  and  what  was  observed  i n  the  previous  s tep.  I n  the  l ast  s tep  (Act) ,  acti on  i s  taken  on  the  causal  system  
to  affect  the  d es i red  change.  

3.1 4  
performance  warranty 
warran ty provided  by the  party ensuring  product l iabi l i ty to  guarantee  the  speci fied  
performance of PV modu les  over the  speci fied  period  and  under the  speci fied  cond i tions  

3.1 5  
Process  Fai lure  Modes  and  Effects  Analysis  
PFMEA 
 

3.1 6   
Product Li fe-Cycle  Management 
PLCM   
the  process  of manag ing  the  en ti re  l i fe  cycle  of a  product from  inception ,  th rough  eng ineering  
design  and  manufacture,  to  service  and  d isposal  of manufactured  products  

3.1 7   
prototype 
early sample,  model ,  or re lease  of a  product bu i l t  to  test a  concept or process,  bu t may not 
have  been  produced  wi th  the  i n tended  fu ture  processes  

3.1 8   
Qual i ty Management System 
QMS 
formal ized  system  that documents  the  structure,  responsibi l i ties,  and  procedures  requ i red  to  
ach ieve  effective  qual i ty management 

3.1 9   
qual i ty plan  
document,  or several  documents,  that together speci fy qual i ty standards,  practices,  resources,  
speci fications,  and  the  sequence  of activi ti es  relevant to  a  particu lar product,  service,  project,  
or contract 

Copyright International  Electrotechnical  Commission  



 –  1 0  – I EC  TS  62941 :201 6    I EC  201 6  

3.20   
repeatabi l i ty 
variation  i n  measurements  obtained  when  one  measurement device  i s  used  several  times  by 
the  same  person  to  measure  the  same  characteristic on  the  same  product 

3.21   
reproducibi l i ty 
variation  in  measurements  made  by d i fferent people  using  the  same measuring  device  to  
measure  the  same  characteristic on  the  same product 

3.22   
statistical  capabi l i ty 
statistical  measure  of the  i nheren t process  variabi l i ty of a  g iven  characteristic i n  comparison  
to  the  speci fi cation  l im i ts  

3.23   
statistical  process  control  
SPC  
appl ication  of statistical  techn iques  to  con trol  and  mon i tor process.  I t  i s  used  to  determine  the  
stabi l i ty and  pred ictabi l i ty of a  process  

3.24  
suppl ier 
provider of materia ls  to  an  organ ization  bu i l d ing  modu le  manufacturing  and  assembly 

4 Documentation  requirements  

Records  re lated  to  design ,  qual i fication ,  eng ineering  changes,  mon i toring ,  and  measurement 
of manufacturing  processes  and  products,  fi nal  testing ,  and  customer detai l s  that are  
necessary to  secure  the  warran ty cond i tion  and  that are  defined  by the  organ ization ,  shal l  be  
retained  for a  necessary period .   

Records  shou ld  a l so  include  Certi ficates  of Conformi ty (CoC)  and  Certi fi cates  of Conformi ty 
Analysis  (CoA)  of key materials  i den ti fi ed  by the  organ ization .  

5 Resource management 

5.1  Provision  of resources  for product warranty system 

I n  add i tion  to  the  basic QMS-requ i red  resource  p lann ing ,  the  organ ization  shal l  determine  and  
provide  the  resources  needed  to  main tain  the  product warran ty system,  i nclud ing  provis ion  of 
after-sales  service  and  for i den ti fying  cause  of fa i lu re  and  any appropriate  fol low-up  actions  
such  as  ad justment to  qual i ty control  p lan  or warran ty recal l .  

5.2  Succession  plann ing  

The  organ ization  shal l  p lan  for succession  for key functions  that affect customer sati sfaction ,  
qual i ty,  re l iabi l i ty,  safety,  and  performance.  

6 Product real ization  

6.1  General   

The  organ ization  i s  requ i red  to  implement a  recogn ized  basic QMS.  I n  add i tion ,  the  fol l owing  
requ i rements  shal l  a lso  apply.  

Copyright International  Electrotechnical  Commission  



I EC  TS  62941 :201 6    I EC  201 6  – 1 1  – 

6.2  Plann ing  of product real ization  

I n  p lann ing  product real ization ,  the  organ ization  shal l  a l so  determine  the  fol lowing ,  as  
appropriate:   

a)  Product certi fication  requ i rements.  

b)  Design  l i fetime  a l i gned  wi th  the  stated  warran ty under speci fic cond i tions  and  a  
documented  method  to  ensure  compl iance  to  stated  warran ty by a  combination  of product 
rel iabi l i ty and  after-sales  services.  

c)  Recycl ing  requ i rements  at  the  end  of the  modu les’  l i fetime.  

d )  Qual i ty assurance  and  control  measures  to  be  appl ied  to  production  to  meet requ i rements  
of the  appl icable  PV standards.  

e)  ESD  safe  envi ronmental  area.  

The  organ ization  shal l  i den ti fy the  ESD  sensi tive  materia ls  and  components  and  shal l  
determine  an  ESD  safe  envi ronmental  area  and  main tain  an  ESD  safe  envi ronment at  the  
raw material  storage,  processing ,  assembly areas,  and  a l l  th rough  packag ing  and  sh ipping  
as  defined  in  fu ture  I EC  TS  6291 6  or as  appropriate.  

f)  Packag ing ,  storage  and  transportation  requ i rements.  

Customer requ i rements  and  references  to  re lated  techn ical  speci fications,  as  appl icable,  shal l  
be  i ncluded  in  the  p lann ing  of product real ization  as  a  component of the  qual i ty p lan .   

Wi th  chang ing  requ i rements  from  the  market place  and  wi th  emerg ing  new technology in  the  
PV i ndustry,  the  development and  l aunch  of new products  shou ld  meet requ i rements  of the  
product warran ty as  wel l  as  customers’  needs.  A complete  product l i fe-cycle  management 
process  may be  requ i red .  

The  product certi fication  may depend  on  the  appl ication  and  geograph ies  where  the  modu les  
wi l l  be  i nsta l l ed .   

The  recycl ing  requ i rements  shou ld  comply wi th  the  geograph ies  where  the  modu les  wi l l  be  
i nsta l led .  

ESD  requ i rement shou ld  consider ANSI /ESD  S20.20,  fu ture  I EC  TS  6291 6  or equ ivalent 
standard .  

6.3  Determination  of requ irements  related  to  the  product 

The  organ ization  shal l  determine  product warran ty workmansh ip  and  power degradation  and  
i ts  re lationsh ip  to  design  l i fetime  under speci fied  and  i n tended  use  cond i tions.  

The  organ ization  shal l  i ncorporate  requ i rements  aris ing  from  appl icable  previous  fai l u re  
i n formation ,  customer complain ts,  competi ti ve  analysis,  suppl ier feedback,  and  other i n ternal  
i npu ts.  The  organ ization  shal l  main tain  traceabi l i ty to  these  requ i rements.  

The  organ ization  shal l  establ ish  a  method  for speci fying  the  nameplate  power of a  modu le  
wi th  an  a l lowed  tolerance  at  s tandard  test cond i tions  per I EC  61 21 5,  I EC  61 646,  or I EC  621 08  
(see  6. 9. 2  for proper control  of solar s imu lators) .  

6.4 Review of requ irements  related  to  the  product 

The  organ ization  shal l  ensure  that a l l  mod i fied  product,  not covered  by the  retest gu idel ines  
as  defined  i n  fu ture  I EC  TS  6291 5,  i s  qual i fied  to  a l l  re lated  type  designs  and  that the  
mod i fied  product i s  evaluated  for impact on  the  warran ty.  

The  organ ization  shal l  i den ti fy and  document a l l  l im i tations  on  product appl ication .  
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The  organ ization  shal l  i den ti fy cri tical  areas  for ESD  control ,  where  appropriate.  

ESD  requ i rement shou ld  consider ANSI /ESD  S20.20,  fu ture  I EC  TS  6291 6  or equ ivalent 
standard .  

6.5  Customer communication  

The  organ ization  shal l  a l so  determine  and  implement effective  arrangements  for 
commun icating  wi th  customers  i n  re lation  to  the  fol lowing :  

a)  Safety,  workmansh ip  warranty,  ou tpu t power warran ty and  instal lation  gu idel ines  i nclud ing  
e lectrical  and  mechan ical  i nsta l lation  i nstruction .  

b)  Appl ication  notes  detai l i ng  speci fic atten tion  and  care  needed  to  secure  modu le  design  
l i fetime  of the  i nstal led  configuration .  

c)  The  defin i tion  of a  warran table  defect or safety cri tical  defect and  the  ru les  or process  to  
manage  stated  defects,  and  

d )  Product recal l  notices.  

NOTE  “ I n formati on ”  i ncl udes,  bu t  i s  not  l im i ted  to ,  speci fi cati ons,  d rawings,  and  other materi a l ,  i n cl u d i ng  
“ i nstal l ati on ”  manua l s .  

6.6  Organization  manufacturing  feasibi l i ty 

The  organ ization  shal l  i nvestigate,  conduct risk analysis,  confi rm  and  document the  
manufacturing  feasib i l i ty at  the  necessary scale  of the  proposed  products  i n  the  con tract 
where  appl icable.   

The  organ ization  shal l  manage  the  ri sks  prior to  manufacturing  transfer.  

6.7  Design  and  development 

6.7. 1  Design  and  development plann ing  

The  organ ization  shal l  i nclude  production  processes  in  the  design  and  development p lann ing .  

The  organ ization  shal l  a l so  determine:  

a)  The  responsibi l i ties  and  au thori ties  for a  project design  and  development team.  

b)  The  process  to  conduct design  FMEAs  as  defined  in  I EC  6081 2  or equ ivalen t,  re l iabi l i ty 
testing ,  design  l i fetime,  and  product speci fication  generation ,  and  

c)  The  requ i rements  for process  FMEAs  as  defined  in  I EC  6081 2  or equ ivalen t,  
speci fications,  l ayou ts,  con trol  p lan ,  and  work i nstructions.  

6.7.2  Design  and  development inputs  

The  i npu ts  shal l  a lso  i nclude  the  fol lowing :  

a)  Functional ,  performance,  and  safety requ i rements  i nclud ing  design  l i fetime,  power,  
main tainabi l i ty,  durabi l i ty,  transportation ,  tim ing ,  and  costs,  and  includ ing  the  materials  
requ i rements  defined  i n  I EC  61 730-1 .  

b)  I denti fication  of product,  traceabi l i ty,  and  packag ing  requ i rements.  

c)  Requ i rements  for proper hand l ing  of product and  components  for ESD,  and  

d )  Lessons  l earned  from  previous  designs.  

The  organ ization  may consider appl ication  of I EC  draft standard  on  transportation  testing  
I EC  62759  when  design ing  packag ing  materials.  
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6.7.3  Manufacturing  process  design  inputs  

The  organ ization  shal l  i den ti fy,  document,  and  review the  manufacturing  process  design  inpu t 
requ i rements,  i nclud ing  the  fol l owing :  

a)  Product design  ou tpu t data.  

b)  Targets  for productivi ty,  process  capabi l i ty and  cost.  

c)  Customers’  requ i rements,  i f any,  and  

d )  Lessons  learned  from  previous  developments.  

The  manufacturing  process  design  i ncludes  the  use  of error-proofing  methods  and  statistical  
process  control  methods  to  a  degree  appropriate  to  the  magn i tude  of the  problems  and  
commensurate  wi th  the  risks  encountered .  

6.7.4 Design  and  development outputs  

Design  and  development ou tpu ts  shal l  a lso  i nclude  the  fol lowing :  

a)  Speci fy an  i nstal lation  manual  for safe  and  proper i nstal lation  and  use.  

b)  I nclude  design  FMEAs  as  defined  i n  I EC  6081 2,  or equ ivalen t,  wh ich  are  to  be  updated  
during  design  reviews,  and  a  re lated  design  qual i fi cation /veri fication  and  rel iabi l i ty test 
p lan ,  and  

c)  Define  characteristics  of the  product that cannot be  fu l l y veri fied  l ater by non-destructive  
methods  and  the  designated  means  to  con trol  those  characteristics  for adequate  product 
performance.  

6.7.5  Manufacturing  process  design  outputs  

The  manufacturing  process  design  ou tpu t shal l  be  expressed  i n  terms that can  be  veri fied  
against manufacturing  process  design  inpu t requ i rements  and  val idated .  The  manufacturing  
process  design  ou tpu t shal l  i nclude  data  for qual i ty,  and  rel iabi l i ty i nclud ing  the  fol lowing :  

a)  Speci fications  and  d rawings.  

b)  Manufacturing  process  fl ow chart/layout.  

c)  Manufacturing  process  FMEAs  as  defined  i n  I EC  6081 2  or equ ivalen t ri sk management 
tool .  

d )  Con trol  p lan  (see  6 .9. 2).  

e)  Work instructions.  

f)  Process  approval  acceptance  cri teria.  

g )  An  ESD  protection  p lan .  

h )  Error-proofing  methods,  as  appropriate.  

i )  Methods  for product i denti fication  and  traceabi l i ty.  

j )  Methods  for detection  and  feedback of product/manufacturing  process  nonconformi ties,  
and  

k)  Process  for hand l ing  raw materials  from  the  time  of thei r receipt.  

Process  FMEAs  (PFMEAs),  or equ ivalen t,  shou ld  cover the  process  from  materia l  receipt to  
product del ivery,  and  where  appropriate,  i nsta l lation  and  main tenance.  

6.7.6  Design  and  development val idation  

The  organ ization  shal l  i nclude  standard  requ i rements  from  appl icable  I EC  and  national  
standards  for val idation  of the  design .  
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Performance  testing  activi ties  i nclud ing  du rabi l i ty of prototype  modu les  shal l  be  mon i tored  for 
timely completion  and  conformance  to  requ i rements.  Performance testing  shal l  conform  to  a  
product and  process  approval  procedure  includ ing  a  rel iabi l i ty test plan  s im i lar to  appl icable  
standards.  As  a  m in imum,  prototyped  or pre-production  PV modu les  shal l  be  tested  accord ing  
to  I EC  61 21 5,  I EC  61 646,  I EC  61 730-1 ,  I EC  61 730-2 ,  fu ture  I EC  TS  6291 5,  I EC  621 08,  or 
equ ivalen t.  

Al though  services  may be  ou tsourced ,  the  organ ization  shal l  be  responsible  for the  
qual i fication  of subcontracted  services,  i nclud ing  ongoing  techn ical  oversigh t and  confi rmation  
of test resu l ts.  

Product approval  shou ld  be  subsequent to  the  veri fication  of the  manufacturing  process.  Th is  
product and  manufacturing  process  approval  procedure  shou ld  a l so  be  appl ied  to  suppl iers  of 
key materials.  

6.7.7  Control  of design  and  development changes  

The  organ ization  shal l  implement a  change  management system  for materials  and  processes  
and  ensure  a l l  changes  impacting  form,  fi t  and  function  adhere  to  product requ i rements  and  
defined  i n ternal /external  qual i fication  and  certi fication  requ i rements  such  as  fu ture  I EC  TS  
6291 5.  

Traceabi l i ty of changes  shal l  be  documented  and  main tained  i n  the  organ ization ’s  QMS.  

Al l  des ign  and  development changes  shal l  be  evaluated  for ri sks  and  documented  i n  the  
appropriate  FMEA as  defined  i n  I EC 6081 2  or equ ivalen t.  

Qual i fication ,  safety,  compl iance,  and  re l iabi l i ty tests  shal l  be  documented .   

The  cond i tions  of qual i fication ,  safety and  re l iabi l i ty tests  shou ld  be  defined  by taking  i n to  
consideration  the  speci fied  cond i tion  requ i red  by I EC  61 21 5,  I EC  61 646,  I EC  61 730-1 ,  
I EC  61 730-2,  fu ture  I EC  TS  6291 5,  I EC  621 08,  or equ ivalen t.   

Such  changes  shal l  not be  re leased  to  customers  before  appl icable  tests  are  veri fied  to  be  
satisfactory.  Certi fication  of the  change  may be  necessary prior to  re lease  to  a  customer.  I f 
the  change  has  impact to  form,  fi t,  function ,  safety,  performance,  or decrease  in  re l i abi l i ty of 
the  product,  noti fication  to  the  appropriate  customer i s  requ i red .  

6.8  Purchasing  

6.8.1  Purchasing  process  

Materia ls ,  components,  and  sub-assembl ies  that have  a  safety,  performance,  or re l iabi l i ty 
impl ication  on  the  fi n ished  product and  that are  purchased  from  or prepared  by a  suppl ier 
requ i re  a  l evel  of control  adequate  to  ensure  that the  overal l  ri sks  are  m in imal .  

The  organ ization  shal l  define  a  process  for the  suppl ier’s  noti fication  of changes  and  ensure  
that the  suppl ier main tain  traceabi l i ty of re levant changes.  I t  i s  the  responsibi l i ty of the  
organ ization  or the  manufacturer to  ensure  that the  components,  sub-assembl ies  and  
assembl ies  completed  by subcontractors  meet the  qual i ty p lans,  i nclud ing  relevant safety and  
certi fication  requ i rements.  

The  organ ization  shal l  complete  the  fol lowing  actions  to  ensure  thei r suppl iers  can  meet 
product requ i rements  by doing  the  fol l owing :  

a)  Set up  a  QMS.  

b)  Evaluate  the  qual i ty performance  of key materia ls  and  aud i t the  suppl ier of key materia ls  
on  a  regu lar basis.  
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c)  Ensure  that materials  used  i n  the  product conform  wi th  materia l  speci fications  provided  by 
the  organ ization .  

d )  Period ical l y carry ou t onsi te  aud i ts  to  check that:  

•  the  materia l  produced  i s  conformal  wi th  appl icable  organ ization  or manufacturer 
speci fications;  

•  the  suppl ier has  the  capabi l i ty to  del iver the  goods  on  time;  

•  the  suppl ier main tains  product qual i ty consisten tl y,  noti fies  and  seeks  approval  when  
there  i s  any change  of products,  process,  and  manufacturing  location ,  or s ign i fican t 
process  excursion  that may affect form,  fi t,  function ,  re l iabi l i ty,  or performance.  

e)  U rge  the  suppl ier to  improve  i ts  qual i ty performance  i f necessary,  and  

f)  Apply methods  for i ncoming  inspections  and  preparation  of raw materia ls.  

QMS requ i rements  for key materia ls  may i nclude  I SO  9001  compl iance.  

6.8.2  Purchasing  information  

Purchasing  i n formation  shal l  a lso  describe  the  requ i rements  for materials/component 
traceabi l i ty.  

6.8.3  Verification  of purchasing  process  

The  organ ization  shal l  have  a  consisten t process  to  assure  the  qual i ty of key materials  us ing  
an  appropriate  combination  of the  fol lowing  methods:  

a)  Receipt and  review of certi ficate  of conformance  or analysis.  

b)  Evaluation  of statistical  data  of purchased  products  and  key materia ls.  

c)  Receiving  i nspection  or testing  such  as  statistical  sampl ing  based  on  performance.  

d )  Product evaluation  or material  analysis  by an  i ndependent l aboratory or testing  faci l i ty.  

e)  Evidence  of suppl ier i nspections  when  the  suppl ier has  been  delegated  i nspection  
au thori ty based  on  the  h i story of product conformance  to  requ i rements,  and  

f)  When  a  deficiency i s  i den ti fied ,  the  organ ization  shal l  take  appropriate  steps  (for example,  
ou t-of-con trol  action  plan  (OCAP))  un ti l  suppl ier performance  meets  the  purchase  
requ i rements.  

Statistical  sampl ing  may be  based  on  ANSI /ASQ Z1 .4 ,  Z1 . 9  or equ ivalent national  standards.  

6.9  Production  and  service  provision  

6.9.1  Control  of production  and  service  provision  

The  organ ization  shal l  determine  methods  to  mon i tor the  performance  and  accuracy of the  
equ ipment used  i n  the  product real ization  process.   

The  organ ization  shal l  create  defin i tions  of product problems  and  determine  ru les  and  
processes  to  m in im ize  the  impact of the  problem.  

The  organ ization  shal l  i nspect the  product i n -process  in  add i tion  to  performing  a  fi nal  
i nspection  to  ensure  that the  requ i rements  of the  product speci fication  are  met and  defective  
product are  prevented  from  release.  

The  organ ization  shal l  provide  techn ical  support to  customers  on  how to  use  the  product,  
gu ide  customers  in  trouble-shooting  where  appl icable,  and  prevent any safety ri sks.  

The  organ ization  shal l  i nclude  a  statement of the  tolerance  of the  nominal  power on  the  l abel  
of the  produced  modu le  i n  accordance  wi th  I EC  61 21 5,  I EC  61 646  or I EC  61 208.  I n  add i tion ,  
the  organ ization  shal l  i nclude  on  the  datasheet,  or other product l i terature  
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a)  a  statement speci fying  i f the  measurement uncertain ty i s  i ncluded  wi th in  the  speci fied  
nameplate  to lerance  i n  the  modu le  label  or not,   

b)  i f the  uncertain ty i s  not i ncluded ,  a  statement speci fying  that the  power measurement 
uncertain ty i s  provided  to  the  customer upon  request.  

6.9.2  Control  plan  

The  organ ization  shal l  establ ish  control  p lans  for a l l  appropriate  processes,  sub-assembl ies,  
components,  and  materia ls  for the  fi nal  product.  Control  p lans  shal l   

a)  Be  based  on  a  ri sk analysis  such  as  design  or process  FMEA ou tpu ts,  or equ ivalen t.  

b)  L ist  the  controls  used  for the  manufacturing  process  control .  

c)  I nclude  methods  for mon i toring  of control  exercised  over specia l  characteristics  (see  7 . 2)  
defined  by the  organ ization .  

d )  I nclude  customer requ i red  i n formation ,  i f any,  and  

e)  I n i tiate  a  speci fic ou t of con trol  action  p lan  (OCAP)  when  a  process  becomes  unstable  or 
not statistical l y capable.  

The  organ ization  shal l  review and  update  control  p lans  when  any change  occurs  that affects  
the  product manufacturing  process.  

The  organ ization  shal l  period ical l y review con trol  p lans  for effectiveness  of the  controls  and  
take  appropriate  corrective  actions.  

The  organ ization  shal l  define  and  manage  a  process  to  d isposi tion  the  affected  product 
impacted  by an  ou t-of-speci fication  process.  

The  organ ization  shal l  main tain  data  records  in  a  manner that a l l ows  detections  of possible  
tendencies.   

Speci fical l y,  the  organ ization  shal l  develop  a  control  p lan  for a l l  solar s imu lators  used  for 
performance  rating .  The  con trol  p lan  shou ld  be  statistical l y based  using  reference  modu les.  
The  s imu lator con trol  p lan  shal l  have  a  documented  ou t-of-con trol  action  p lan  for deviations.  
I f mu l tip le  solar s imu lators  are  used ,  the  control  p lan  shal l  demonstrate  how correlation  
between  the  solar s imu lators  i s  main tained .  

The  organ ization  shal l  develop  a  con trol  p lan  for the  measurement procedure  that i ncludes  
veri fying  control  of the  modu le  temperature  during  the  scan ,  p lacement of the  modu le  on  the  
s imu lator,  proper function  of the  s imu lator and  data  acqu is i ti on  e lectron ics,  and  veri fication  
and  main tenance  of l ow-resistance  e lectrical  connection  to  the  modu le.   

The  variance  of temperature  shal l  be  con trol led .  To  m in im ize  the  uncertain ty,  the  test 

temperature  of the  modu le  shou ld  be  25  °C  ±  2  °C,  and  the  modu le  shou ld  be  equ i l i brated  
enough  that the  variation  between  the  cel l  j unction  and  measurement poin t on  the  modu le  i s  
l ess  than  1  °C  .   

I f the  test temperature  i s  ou ts ide  of the  recommended  range,  a  correction  i s  made  for test 
temperature  and  the  deviation  from  test cond i tions  coupled  wi th  the  uncertain ty i n  
temperature  coefficien t shal l  not cause  the  tota l  uncertain ty of the  measurement to  exceed  the  
uncertain ty i nd icated  on  the  product l abel ,  datasheet,  or other product l i terature.  

Solar s imu lators  that have  been  changed  in  a  way that may affect the  performance  rating  shal l  
be  re-qual i fied  to  I EC  60904-9  to  ensure  the  orig inal  BBA or better rating  i s  main tained .  I n  
add i tion ,  each  solar s imu lator used  for performance  rating  shal l  be  partia l l y re-qual i fied  to  
I EC  60904-9  for un i formi ty of i rrad iance  and  temporal  stabi l i ty at a  m in imum  of twice  per year.  
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Secondary reference  modu les  shal l  be  generated  and  certi fied  by a  recogn ized  certi fication  
body for each  speci fic modu le  type,  wh ich  can  be  traceable  to  i n ternational  or national  
measurement standards.  Working  reference  modu les  shal l  be  created  accord ing  to  
I EC  60904-2  and  I EC  60904-4.  The  organ ization  shal l  develop  a  con trol  p lan  for the  
secondary reference  and  working  reference  modu les  to  ensure  no  s ign i fican t change  occurs  
that may affect the  rating  of the  modu le.  

I EC  60891  ( temperature  and  i rrad iance  correction )  and  I EC  60904-7  (spectral  correction)  shal l  
be  used  to  appropriately correct the  curren t and  vol tage  characteristics  of a  modu le  under test.  
I EC  61 853-1  shal l  be  used  to  determine  the  correction  coefficien ts  for i rrad iance  and  
temperature  effects  on  the  measurement of the  modu le.  The  organ ization  shal l  develop  a  p lan  
to  period ical l y reval idate  the  correction  coefficients  for a  speci fic modu le  type.  

Solar s imu lator manufacturer’s  data  may be  used  to  i n i ti al l y va l i date  that the  solar s imu lator 
meets  the  BBA or better requ i rement.  

Mu l tip le  secondary reference  modu les  may be  needed  because  they cou ld  be  damaged  or 
during  periods  when  one  secondary reference  i s  ou t for cal ibration .  

The  p lan  shal l  a lso  contain  e lements  for the  fol lowing  i tems:  

f)  Solar s imu lator main tained  to  have  adequate  spatia l  un i formi ty,  temporal  consistency,  and  
spectral  accuracy (as  determined  by I EC  60904-9).  

NOTE  “adequate”  impl i es  that  the  combinati on  of a l l  u ncertai n ti es  ( i ncl ud i ng  uncertai n ty associated  wi th  the  
s imu l ator cl assi fi cati on )  i s  wi th i n  the  uncerta i n ty i nd i cated  on  the  product  l abel  and  l i teratu re .  

g )  Reference  modu les  (as  defined  in  I EC  60904-2)  that are  main tained  at a  known ,  traceable  
cal ibration  (per I EC  60904-4)  and  that are  s imi lar to  the  product under test are  used  to  
perform  an  adequate  measurement.  

6.9.3  Val idation  of processes  for production  and  services  provisions  

The  organ ization  shal l  va l idate  software  used  i n  the  product,  production  and  services  
provision .  

The  organ ization  shal l  define  a  certi fi cation  and  period ic recerti fication  process  for qual i fied  
personnel .  

The  organ ization  shal l  determine  parameter sets  for the  acceptance  tolerance  for the  product.  

The  organ ization  shal l  va l idate  the  effectiveness  of i ts  ESD  program,  as  requ i red .  

These  requ i rements  are  a lso  appl icable  to  key materia ls  from  suppl iers.  

See  I EC  61 340-5-1  for gu idance.  

Use  of statisti cal  process  con trol  i s  recommended  for these  processes.  

Software  appl ications  throughou t the  l i fe  cycle  that are  importan t to  ensuring  product qual i ty,  
re l iabi l i ty,  performance,  or safety shou ld  be  i ncluded .  

Software  may i nclude  fi rmware.  

6.9.4 Identi fication  and  traceabi l i ty 

The  organ ization  shal l  document traceabi l i ty of changes  to  the  product and  impact from  those  
changes  for previous  and  fu ture  product del iveries.  
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The  organ ization  shal l  ensure  traceabi l i ty of the  product,  where  appropriate,  by 

a)  Tracking  product construction  to  the  consti tuen t key raw materials  and  components  used  
to  the  l ot/batch  l evel  that are  traceable  back to  suppl iers,  dates,  and  l ocations  of 
manufacture,  and ,  

b)  Tracking  the  product th rough  each  process  step  to  the  speci fic mach ine  and  time  of 
processing .  For manual  process  steps,  traceabi l i ty to  the  operator performing  operation  
shal l  be  recorded .  

6.9.5  Customer property 

The  organ ization  shal l  be  responsible  for protecting  customer in te l l ectual  property for 
ou tsourced  processes.  

I f requ i red ,  the  con trol  methods  of customer property shou ld  be  approved  by the  customer.  

6.9.6  Preservation  of product 

The  packag ing  method  of the  PV modu le  shal l  be  tested  as  defined  i n  I EC  62759-1  or 
equ ivalen t and  val idated  to  meet customer requ i rements  and  ensure  that the  product can  be  
transported  to  customer s i tes  properly.  Product traceabi l i ty i n formation  shou ld  be  easi l y 
i denti fied  from  the  ou tside  of the  packag ing .  

The  organ ization  shal l  a l so  ensure  the  preservation  of potentia l  nonconforming  products  and  
key materials  under material  review un ti l  d isposi tion  as  not fi t  for use.  

The  organ ization  shal l  use  an  i nven tory management system  to  ensure  stock rotation .  

6.1 0  Control  of moni toring  and  measuring  equ ipment 

6. 1 0.1  General  

Mon i toring  and  measurement equ ipment referenced  i n  the  con trol  p lan  shal l  be  characterized  
by measurement system  analysis  to  understand  gauge  capabi l i ties  (repeatabi l i ty and  
reproducibi l i ty) .  

Software  shal l  be  considered  an  i n tegral  part of mon i toring  and  measuring  equ ipment and  
shal l  be  appropriately control led  and  val idated .  For changes  that affect configuration ,  
i nclud ing  software,  the  organ ization  shal l  reval idate  mon i toring  and  measurement equ ipment.  

For mon i toring  and  measurement equ ipment determined  to  be  ou t of tolerance  at the  time  of 
ca l ibration ,  corrective  actions  shal l  be  taken  to  determine  impact to  the  product and  
documented  per Clause  4 .  

6.1 0.2  Control  of performance  rating  ( IV)  measurement equ ipment 

For the  equ ipment used  to  measure  the  power performance of the  modu le,  the  organ ization  
shal l  main tain  a  con trol  program  compl ian t to  I EC  60891  and  I EC  60904  series  of standards.  
Records  of compl iance  shal l  be  main tained .  

The  organ ization  shal l  retain  a l l  ca l ibration  certi fi cates  i nclud ing  the  name of the  PV i nsti tu te  
that i ssued  the  reference  device  cal ibration  certi ficate  or a  report that can  be  traceable  to  
i n ternational  or national  measurement standards.  Th is  i n formation  shal l  be  traceable  for each  
modu le  manufactured  and  made  avai lable  to  customers  upon  request.  

Solar s imu lators  shal l  be  i n i tia l l y qual i fied  accord ing  to  I EC  60904-9  and  shal l  i nclude  
characterization  of spectrum  qual i ty,  un i formi ty of i rrad iance,  and  temporal  i nstabi l i ty of 
i rrad iance.   
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Solar s imu lators  wi th  a  BBA rating  or better are  suggested  for performance  rating  of modu les,  
bu t the  s imu lator requ i rement may vary wi th  the  solar cel l  technology,  the  geometry of the  
modu le,  the  match  between  the  reference  modu le  and  the  test modu les,  and  the  power 
measurement uncertain ty i nd icated  on  the  product l i teratu re.  

Power measurement wi th  solar s imu lators  and  the  methodology used  for performance  rating  
shal l  have  an  i n i tia l  estimate  of the  uncertain ty accord ing  to  I SO/IEC  Gu ide  98-3.  The  
uncertain ty analysis  shal l  be  re-evaluated  at  l east annual l y.  

7  Moni toring  and  measurement 

7.1  Customer satisfaction  

The  organ ization  shal l  manage  customer complain ts  i n  a  con trol led  manner,  l og  the  i ssues,  
and  take  corrective  and  preventive  actions,  as  appropriate.  The  organ ization  shal l  ensure  that 
any necessary corrections  and  corrective  actions  are  taken  wi thou t undue  delay and  
commun icated  to  the  customer,  where  appropriate.  

Organ ization  shal l  mon i tor the  complain t l og  for recurring  i ssues  and  escalate  to  management,  
as  appropriate.  

The  organ ization  shal l  send  qual i ty a lert i n ternal  commun ications  to  a l l  affected  manufacturing  
l ocations  upon  d iscovery of new fa i l u res  and  defects.  

Records  of such  a lerts  shal l  be  main tained  in  accordance  wi th  Clause  4 .  

7.2  Moni toring  and  measurement of a  manufacturing  process  

The  organ ization  shal l  perform  process  stud ies  on  a l l  new manufacturing  processes  ( i nclud ing  
assembly or sequencing)  to  veri fy process  capabi l i ty and  to  provide  add i tional  i npu t for 
process  control .  The  resu l ts  of process  and  tool  capabi l i ty stud ies  shal l  be  documented  wi th  
speci fications,  where  appl icable,  for means  of production ,  measurement and  test,  and  
main tenance  i nstructions.  These  documents  shal l  i nclude  objectives  for manufacturing  
process  capabi l i ty,  equ ipment avai labi l i ty,  as  wel l  as  acceptance  cri teria.  

The  organ ization  shal l  main tain  manufacturing  process  and  tool  capabi l i ty or performance  as  
speci fied  by the  customer part approval  process  requ i rements  or organ ization  targeted  l evel .  
The  organ ization  shal l  ensure  that the  con trol  p lan  and  process  flow d iagram  are  implemented ,  
i nclud ing  adherence  to  the  speci fied :  

a)  Measurement techn iques.  

b)  Sampl ing  p lans.  

c)  Acceptance  cri teria.  

d )  Preventive  main tenance,  and  

e)  Reaction  p lans  when  acceptance  cri teria  are  not met.  

The  organ ization  shal l  use  appropriate  statistical  tools  and  statistical l y s ign i ficant sample  
s izes  to  make  decis ions  that affect qual i ty of process  and  products  at a l l  s tages  of the  l i fe  
cycle.  

S ign i fican t process  events,  such  as  a  tool  change  or mach ine  repai r,  shal l  be  recorded .  

The  organ ization  shal l  i n i tiate  an  ou t-of-con trol  action  p lan  from  the  con trol  p lan  for 
characteristics  that are  e i ther not statistical  capabi l i ty or are  unstable.  These  plans  shal l  
i nclude  the  con tainment of product and  1 00  %  i nspection ,  as  appropriate.  A corrective  action  
p lan  shal l  then  be  completed  by the  organ ization ,  i nd icating  speci fic tim ing  and  assigned  
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responsibi l i ties  to  ensure  that the  process  becomes  stable  and  capable.  The  plans  shal l  be  
reviewed  wi th  and  approved  by the  customer when  so  requ i red .  

The  organ ization  shal l  main tain  records  of effective  dates  of process  changes  through  a  
change  management system.  A qual i ty management representative  of the  QMS shal l  be  
empowered  to  i ssue  stop-work or stop-sh ip  when  nonconforming  products  are  suspected  to  
exceed  speci fied  l im i ts .  Records  of such  even ts  shal l  be  main tained  (see  Clause  4).  

7.3  Moni toring  and  measurement of product 

Measurement of modu le  performance  before  sh ipment shal l  be  to  a  recogn ized  standard  such  
as  I EC  60904-1  us ing  a  defined  reference  spectrum  such  as  the  AM1 .5  G lobal  Spectrum  
defined  i n  I EC  60904-3.   

Con trol  of measurement cond i tions  shal l  m in im ize  the  need  for correction  to  STC,  and  
correction  for any deviations  from  STC accord ing  to  I EC  60904-7  (correction  for spectrum)  
and  I EC  60891  (correction  for temperature  and  i rrad iance).  

Tests  performed  on  1 00  %  of the  products  for val idation  of performance  and  safety shal l  be  
carried  ou t at the  final  stage  of production ,  and  no  further operations  except clean ing ,  l abel ing ,  
and  packag ing  may be  carried  ou t after these  tests.   

Mon i toring  and  measurement of product shal l  i nclude  stud ies  of the  performance  during  the  
expected  design  l i fetime  of the  product.  

7.4 Ongoing  product monitoring  

The  organ ization  shal l  define  an  ongoing/period ic re l iabi l i ty mon i toring /production  mon i toring  
program  that uses  appropriate  tests  for the  known  fa i l u re  mechan isms  of the  product.  The  
tests  shal l  be  conducted  on  the  samples  that are  selected  by the  i n ternal  sampl ing  procedure.   

D iscovery of fa i l u res  from  these  activi ties  shal l  fo l low 7 .8.  Corrective  action  to  address  the  
root cause  shal l  be  taken  and  documented  for any fai lu res.  

Records  of the  resu l ts  of any ongoing/period ic re l iabi l i ty testing /production  mon i toring  
program  activi ties  and  any necessary actions  aris ing  from  such  activi ties  shal l  be  main tained  
(see  Clause   4) .  

7.5  In ternal  audi t 

The  organ ization  shal l  period ical l y conduct process  aud i ts  for a l l  manufacturing  processes  
( includ ing  assembly or sequencing)  to  ensure  compl iance  to  work i nstructions,  ESD  con trols,  
and  con trol  p lan .  

The  organ ization  shal l  a l so  period ical l y conduct ou tgoing  qual i ty aud i ts  and  ou t-of-box aud i ts  
to  ensure  conformance  to  product qual i ty requ i rements.  

I n ternal  aud i ts  shou ld  be  implemented  based  on  ISO 1 901 1 : 201 1  or equ ivalen t national  
standard .  

7.6  Control  of nonconforming  product 

7.6.1  Control  of nonconforming  product 

Organ ization  shal l  conduct a  systematic materia l  review to  d isposi tion  nonconforming  
products  and  consti tuent raw materials.  Product wi th  un identi fied  or suspect status  shal l  be  
i den ti fied  as  poten tia l l y nonconforming  product and  subjected  to  a  systematic review process.   
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Customers  shal l ,  where  appropriate,  be  i n formed  promptly i n  the  event that nonconforming  
product has  been  sh ipped  wi thou t customer approval .  Records  of customer noti fications,  
where  appropriate,  shal l  be  main tained  (see  Clause  4).  

The  organ ization  shal l ,  where  appropriate,  obtain  a  customer concession  or a  deviation  permi t  
prior to  further processing  whenever the  product or manufacturing  process  i s  d i fferen t from  
that wh ich  i s  curren tly approved .  

7.6.2  Analysis  of data  

The  analysis  of data  shal l  provide  in formation  re lating  to  conformi ty to  process  and  product 
requ i rements  (see  7. 3)  

7.7  Continual  improvement 

The  organ ization  shal l  deploy con tinual  improvement th rough  a  structu red  approach  and  
demonstrate  that resu l ts  are  sustained .   

The  organ ization  shou ld  i den ti fy,  measure,  and  report qual i ty metrics  to  d rive  continuous  
improvement.  

The  structured  approach  may i nclude  proven  methodolog ies  such  as  PDCA or DMAIC.  

7.8  Corrective  and  preventive  action  

The  organ ization  shal l  use  a  structured  approach  to  conduct root-cause  analysis  and  
corrective  action .  

The  organ ization  shal l  share  lessons  learned  from  the  corrective  action  across  a l l  
manufacturing  l ocations  and  affected  functions  and  suppl iers,  as  appropriate,  to  prevent 
recurrence.  

Structured  approach  for root-cause  analysis  and  corrective  action  may include  proven  
methodolog ies  such  as  why-why analysis  and  “8  D iscipl ine”  method  (a lso  cal led  “E igh t 
D iscipl i nes  Problem  Solving ”  method).   
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Annex A 
( informative)  

 
Correspondence between  ISO 9001 : 2008  and  IEC  TS 62941  

 

ISO  9001 : 2008  C lause/subclause  Clause/subclause  IEC  TS  62941  

Scope  1  1  Scope  

Normati ve  references  2  2  Normati ve  references  

Terms  and  defi n i ti ons  3  3  Terms  and  defi n i ti ons  

Qual i ty Managemen t System  
( ti tl e  on l y)  

4    

Genera l  requ i remen ts  4 . 1    

Documen t  requ i remen ts  ( ti tl e  
on l y)  

4 . 2  4  Documen tati on  requ i rements  ( ti tl e  
on l y)  

Genera l  4 . 2 . 1    

Qual i ty manua l  4 . 2 . 2    

Con trol  of documen ts  4 . 2 . 3    

Con trol  of records  4 . 2 . 4  4  Record  reten ti on  

Management responsibi l i ty 
( ti tl e  on l y)  

5    

Management commi tment 5 . 1    

Customer focus  5 . 2    

Qual i ty po l i cy 5 . 3    

P l ann ing  ( ti tl e  on l y)  5 . 4    

Qual i ty ob j ecti ves  5 . 4 . 1    

Qual i ty managemen t system  
p l ann i ng  

5 . 4 . 2    

Responsibi l i ty,  au thori ty,  and  
commun icati on  ( ti tl e  on l y)  

5 . 5    

Responsibi l i ty and  au thori ty  5 . 5 . 1    

Management representati ve  5 . 5 . 2    

I n ternal  commun icati on  5 . 5 . 3    

Management review (ti tl e  
on l y)  

5 . 6    

Genera l  5 . 6 . 1    

Revi ew i npu t 5 . 6 . 2    

Revi ew ou tpu t 5 . 6 . 3    

Resource  management ( ti tl e  
on l y)  

6  5  Resource  management ( ti tl e  on l y)  

Provi s ion  of resources  6 . 1    

N /A  5 . 1  Provi s i on  of resources  for product 
warran ty system  

N /A  5 . 2  Succession  p l ann i ng  

Human  resources  ( ti tl e  on l y)  6 . 2    

Genera l  6 . 2 . 1    

Competence,  tra i n i ng  and  
awareness  

6 . 2 . 2    

I n frastructu re  6 . 3    

Work envi ronmen t 6 . 4    
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ISO  9001 : 2008  C lause/subclause  Clause/subclause  IEC  TS  62941  

Product  real i zati on  ( ti tl e  on l y)  7  6  Product  real i zati on  ( ti tl e  on l y)  

P l ann ing  of product real i zati on   7 . 1  6 . 2  P l ann ing  of product real i zati on   

Customer-re l ated  processes  
( ti tl e  on l y)  

7 . 2    

Determ inati on  of requ i remen ts  
re l ated  to  the  product  

7. 2 . 1  6. 3  Determinati on  of requ i remen ts  re l a ted  
to  the  product  

Review of requ i remen ts  
re l ated  to  the  product  

7. 2 . 2  6. 4  Review of requ i remen ts  re l ated  to  the  
product 

Customer commun icati on   7 . 2 . 3  6 . 5  Customer commun icati on   

N /A  6 . 6  Organ izati on  manu factu ri ng  feasi b i l i ty 

Desi gn  and  deve l opmen t ( ti t l e  
on l y)  

7 . 3  6 . 7  Design  and  devel opmen t (t i t l e  on l y)  

Desi gn  and  deve l opmen t 
p l ann i ng  

7 . 3 . 1  6 . 7 . 1  Desi gn  and  devel opmen t p l ann i ng  

Desi gn  and  deve l opmen t 
i npu ts  

7 . 3 . 2  6 . 7 . 2  Desi gn  and  devel opmen t i npu ts  

N /A  6 . 7 . 3  Manu factu ri ng  process  desi gn  i npu ts  

Desi gn  and  deve l opmen t 
ou tpu ts  

7 . 3 . 3  6 . 7 . 4  Desi gn  and  devel opmen t ou tpu ts  

N /A  6 . 7 . 5  Manu factu ri ng  process  desi gn  ou tpu ts  

Desi gn  and  deve l opmen t 
revi ew 

7 . 3 . 4    

Desi gn  and  deve l opmen t 
veri fi cati on  

7 . 3 . 5    

Desi gn  and  deve l opmen t 
val i dati on  

7 . 3 . 6  6 . 7 . 6  Desi gn  and  devel opmen t val i dati on  

Con trol  of design  and  
devel opmen t changes  

7 . 3 . 7  6 . 7 . 7  Con trol  of des ign  and  developmen t 
changes  

Pu rchasi ng  ( ti tl e  on l y)  7 . 4    

Pu rchasi ng  process  7 . 4 . 1  6 . 8 . 1  Pu rchasi ng  process  

Pu rchasi ng  i n formation  7 . 4 . 2  6 . 8 . 2  Pu rchasi ng  i n formation  

Veri fi cati on  of pu rchased  
product  

7 . 4 . 3  6 . 8 . 3  Veri fi cati on  of pu rchasi ng  process  

Production  and  service  
provi s i on  ( ti tl e  on l y)  

7 . 5    

Con trol  of producti on  and  
service  provi s ion  

7 . 5 . 1  6 . 9 . 1  Con trol  of producti on  and  servi ce  
provi s i on  

N /A  6 . 9 . 2  Con trol  p l an  

Val i dati on  of processes  for 
production  and  service  
provi s i on  

7 . 5 . 2  6 . 9 . 3  Val i dati on  of processes  for producti on  
and  services  provi s i ons  

I d en ti fi cati on  and  traceabi l i ty  7 . 5 . 3  6 . 9 . 4  I d en ti fi cati on  and  traceabi l i ty  

Customer property 7 . 5 . 4  6 . 9 . 5  Customer property 

Preservati on  of product  7 . 5 . 5  6 . 9 . 6  Preservati on  of product  

Con trol  of mon i tori ng  and  
measu ri ng  equ ipmen t 

7 . 6  6 . 1 0  Con trol  of mon i tori ng  and  measuri ng  
equ i pmen t 

N /A  6 . 1 0 . 2  Con trol  of performance  rati ng  ( I V)  
measuremen t equ i pmen t 

Measu rement,  ana l ys i s  and  
improvement (t i t l e  on l y)  

8    

Genera l  8 . 1    

Mon i toring  and  measurement 8 . 2  7  Mon i tori ng  and  measurement (t i tl e  
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ISO  9001 : 2008  C lause/subclause  Clause/subclause  IEC  TS  62941  

( ti tl e  on l y)  on l y)  

Customer sati sfacti on  8 . 2 . 1  7 . 1  Customer sati sfacti on  

I n ternal  aud i t  8 . 2 . 2  7 . 5  I n ternal  aud i t  

Mon i toring  and  measurement 
of processes  

8. 2 . 3  7. 2  Mon i tori ng  and  measurement of a  
manu factu ri ng  process  

Mon i toring  and  measurement 
of product  

8. 2 . 4  7. 3  Mon i tori ng  and  measurement of 
product  

N/A   7 . 4  Ongoi ng  product  mon i tori ng  

N /A  7 . 6  Con trol  of nonconform ing  product  ( ti t l e  
on l y)  

Con trol  of nonconforming  
product  

8 . 3  7 . 6 . 1  Con trol  of nonconform ing  product 

Ana lys i s  of data  8 . 4  7 . 6 . 2  Ana l ys i s  of data  

Improvement  ( ti tl e  on l y)  8 . 5    

Con ti nual  improvement 8 . 5 . 1  7 . 7  Con ti nual  improvement 

Corrective  acti on  8 . 5 . 2  7 . 8  Correcti ve  and  preventi ve  acti on  

Preven ti ve  acti on  8 . 5 . 3  7 . 8  Correcti ve  and  preventi ve  acti on  
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