
BRITISH STANDARD BS EN  

60904-1:2006

Photovoltaic devices —

Part 1:  Measurement of photovoltaic 
current-voltage characteristics

The European Standard EN 60904-1:2006 has the status of a  

British Standard

ICS 27.160

?? ? ??????? ? ??????? ? ??? ? ?????????? ? ?????? ? ?? ? ????????? ? ?? ? ????????? ? ???



BS EN 60904-1:2006

This British Standard was 
published under the authority 
of the Standards Policy and 
Strategy Committee  

on 29 December 2006

© BSI 2006

ISBN 0 580 49894 8

National foreword

This British Standard was published by BSI.  It is the UK implementation of 
EN 60904-1:2006.  It is identical with IEC 60904-1:2006.  It supersedes  

BS EN 60904-1:1993 which is withdrawn.

The UK participation in its preparation was entrusted to Technical Committee 
GEL/82,  Solar photovoltaic energy systems.

A list of organizations represented on GEL/82 can be obtained on request to its 
secretary.

This publication does not purport to include all the necessary provisions of a 
contract.  Users are responsible for its correct application.

Compliance with a British Standard cannot confer immunity from 
legal obligations.  

Amendments issued since publication

Amd.  No.  Date Comments

http://dx.doi.org/10.3403/00319147


  
EUROPEAN STANDARD EN 60904-1  

NORME EUROPÉENNE 
 

EUROPÄISCHE NORM November 2006 
 

CENELEC 
European Committee for Electrotechnical  Standardization 

Comité Européen de Normalisation Electrotechnique 
Europäisches Komitee für Elektrotechnische Normung 

 
Central Secretariat:  rue de Stassart 35,  B - 1 050 Brussels 

 
 
© 2006 CENELEC -  Al l  rights of exploitation in  any form and by any means reserved worldwide for CENELEC members.  

 Ref.  No.  EN 60904-1 :2006 E 
 

ICS 27.1 60 Supersedes EN 60904-1 :1 993
 
 

English  version 
 
 

Photovoltaic devices 
Part 1 :  Measurement of photovoltaic  
current-voltage characteristics 

(IEC 60904-1 :2006)  
 
 
Dispositifs photovoltaïques 
Partie 1 :  Mesure des caractéristiques 
courant-tension  des dispositifs 
photovoltaïques 
(CEI  60904-1 :2006) 

 Photovoltaische Einrichtungen  
Teil  1 :  Messen der photovoltaischen 
Strom-/Spannungskennlinien  
(IEC 60904-1 :2006) 

 
 
 
 

This European Standard was approved by CENELEC on 2006-1 0-01 .  CENELEC members are bound to comply 
with the CEN/CENELEC Internal  Regulations which stipulate the conditions for giving this European Standard 
the status of a national  standard without any alteration.  
 
Up-to-date l ists and bibliographical  references concerning such national  standards may be obtained on 
application to the Central  Secretariat or to any CENELEC member.  
 
This European Standard exists in three official  versions (English,  French,  German).  A version in any other 
language made by translation under the responsibil ity of a CENELEC member into its own language and notified 
to the Central  Secretariat has the same status as the official  versions.  
 
CENELEC members are the national  electrotechnical  committees of Austria,  Belgium,  Cyprus,  the Czech 
Republic,  Denmark,  Estonia,  Finland,  France,  Germany,  Greece,  Hungary,  Iceland,  I reland,  I taly,  Latvia,  
Lithuania,  Luxembourg,  Malta,  the Netherlands,  Norway,  Poland,  Portugal,  Romania,  Slovakia,  Slovenia,  Spain,  
Sweden,  Switzerland and the United Kingdom.  
 

http://dx.doi.org/10.3403/00319147U
http://dx.doi.org/10.3403/00319147


Foreword  

The text of document 82/433/FDIS,  future edition  2  of IEC 60904-1 ,  prepared  by IEC TC 82,  Solar 
photovoltaic energy systems,  was submitted  to the IEC-CENELEC paral lel  vote and  was approved by 
CENELEC as EN 60904-1  on  2006-1 0-01 .  

This European Standard  supersedes EN  60904-1 :1 993.  

The main  changes with  respect to EN 60904-1 :1 993 are as fol lows:  

–  Added object.  

–  Added normative references.  

–  Updated original  Clause 2 (General  Measurement Requirements),  removing Figure 1  as i t is obsolete.  

–  Provided  more detai l  and  guidance on  how to measure in  sunl ight or simulated sunl ight.  

–  Expanded  original  Clause 6  (Test Report) with  requirements based on ISO 1 7025.  

The fol lowing dates were fixed:  

– latest date by which the EN  has to be implemented  
 at national  level  by publ ication of an  identical  
 national  standard  or by endorsement 

 
 
(dop) 

 
 
2007-07-01  

– latest date by which the national  standards confl icting  
 with  the EN  have to be withdrawn  

 
(dow) 

 
2009-1 0-01  

Annex ZA has been added by CENELEC.  

__________ 

Endorsement notice  

The text of the International  Standard  IEC 60904-1 :2006 was approved by CENELEC as a European  
Standard  without any modification.  

__________ 
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PHOTOVOLTAIC  DEVICES – 
 

Part 1 :  Measurement of photovoltaic 
current-vol tage characteristics  

 
 
 

1  Scope and  object 

This  part of I EC 60904  describes  procedures  for the  measurement of curren t-vol tage  
characteristics  of photovol ta ic devices  in  natura l  or s imu lated  sun l i gh t.  These  procedures  are  
appl icable  to  a  s i ng le  photovol taic so lar cel l ,  a  sub-assembly of photovol ta ic solar cel ls ,  or a  
PV modu le.  

NOTE  1  Th is  standard  may be  appl i cabl e  to  mu l ti - j unction  test  specimens,  i f each  sub-j uncti on  generates  the  
same amount  of cu rrent  as  i t  wou ld  under the  reference  AM1 , 5  spectrum  i n  I EC 60904-3.  

NOTE  2  Th is  standard  may be  appl i cabl e  to  PV devices  designed  for use  u nder concentrated  i rrad iati on  i f they 
are  i rrad i ated  us i ng  d i rect  normal  i rrad i ance  and  a  m ismatch  correction  wi th  respect to  a  d i rect  normal  reference  
spectrum  i s  performed .   

The purpose  of th is  standard  i s  to  l ay down  bas ic requ i rements  for the  measurement of 
curren t-vol tage  characteristics  of photovol ta ic devices,  to  define  procedures  for d i fferent  
measuring  techn iques  i n  use  and  to  show practices  for m in im is ing  measurement uncertain ty.  

2  Normative references  

The  fol l owing  referenced  documents  are  i nd ispensable  for the  appl icati on  of th is  document.  
For dated  references,  on ly the  ed i ti on  ci ted  appl i es.  For undated  references,  the  l atest ed i tion  
of the  referenced  document ( i nclud ing  any amendments)  appl i es.  

I EC 60891 :  Procedures for temperature and irradiance corrections to measured I-V 
characteristics of crystalline silicon photovoltaic (PV)  devices   

I EC  60904-2:  Photovoltaic devices – Part 2: Requirements for reference solar cells 

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

I EC 60904-5:  Photovoltaic devices – Part 5:  Determination of equivalent cell temperature 
(ECT)  of photovoltaic (PV)  devices by the open-circuit voltage method 

I EC 60904-6:  Photovoltaic devices – Part 6:  Requirements for reference solar modules 

I EC 60904-7:  Photovoltaic devices – Part 7:  Computation of spectral mismatch error 
introduced in  the testing of a  photovoltaic device 

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

I EC 60904-1 0:  Photovoltaic devices – Part 10:  Methods for linearity measurements 

I SO/IEC 1 7025:  General requirements for competence of testing and calibration laboratories  

– 4 –EN 60904-1:2006

http://dx.doi.org/10.3403/00319123U
http://dx.doi.org/10.3403/00517896U
http://dx.doi.org/10.3403/01546963U
http://dx.doi.org/10.3403/00319123U
http://dx.doi.org/10.3403/00764294U
http://dx.doi.org/10.3403/00544081U
http://dx.doi.org/10.3403/01458634U
http://dx.doi.org/10.3403/30153132U
http://dx.doi.org/10.3403/01460413U
http://dx.doi.org/10.3403/02033502U


3 General  measurement requirements  

a)  The  i rrad iance  measurements  shal l  be  made us ing  a  PV reference device  packaged  and  
ca l i brated  in  conformance wi th  I EC  60904-2  or I EC  60904-6  or a  pyranometer.   The  PV 
reference  device  shal l  e i ther be  spectral l y matched  to  the  test specimen ,  or a  spectral  
m ismatch  correction  shal l  be  performed  i n  conformance wi th  I EC  60904-7.  The  reference 
device  shal l  be  l i near i n  short-ci rcu i t current as  defined  i n  I EC 60904-1 0  over the  
i rrad iance  range  of in terest.   

NOTE  To be  cons i dered  spectral l y  matched ,  a  reference  device  must  be  constructed  u s ing  the  same  cel l  
technol ogy and  encapsu l ation  package  as  the  test  device.  I f th i s  i s  not  the  case,  the  spectral  m ismatch  must 
be  reported .   

b)  The  temperature  of the  reference device  and  the  specimen  shal l  be  measured  us ing  

i nstrumentation  wi th  an  accuracy of ±1  °C  wi th  repeatabi l i ty of ±0, 5  °C.  I f the  temperature  
of the  reference  device  d i ffers  by more  than  2  °C  from  the  temperature  at  wh ich  i t  was  
ca l ibrated ,  the  cal i bration  va lue  shal l  be  ad justed  to  the  measured  temperature.  I f the  
reference device  i s  a  pyranometer,  temperature  measurement and  temperature  correction  
of i ts  ou tput  s ignal  are  not requ ired .  

c)  The  acti ve  surface  of the  specimen  shal l  be  coplanar wi th in  ±2°  wi th  the  active  surface  of 
the  reference  device.   

d )  Vol tages  and  cu rrents  shal l  be  measured  us ing  i nstrumentation  wi th  an  accuracy of 

±0, 2  %  of the  open-ci rcu i t  vol tage  and  short-ci rcu i t  curren t us ing  i ndependen t l eads  from  
the  term inals  of the  specimen  and  keeping  them  as  short as  possib le.  The  measurement 
ranges  of the  data  acqu is i tion  shou ld  be  carefu l l y chosen .  I f the  test specimen  is  a  
modu le ,  the  4-wire  connection  shou ld  start at the  term inals  or connectors.  I f the  test 
specimen  i s  a  ce l l ,  the  4-wire  connection  shou ld  start  a t the  cel l  bus  bars.  

NOTE  The  connection  method  for cel l s  shou ld  be  carefu l l y eva luated .  D i fferences  may occur i f sol dered  tabs  
are  used  as  probe  or non -soldered  methods  are  implemented  such  as  bars  having  con tact  spri ngs  or 
conducti ve  pl ates  having  a  l arge-area  contact  wi th  the  cel l  back contact.  Non-sol dered  methods  can  resu l t  i n  
h igher fi l l  factors  than  are  observed  i n  the  modu l e.  The  con tacti ng  method  shou l d  be  appropriate  to  the  
i n tended  use  of the  ce l l  or of the  measurement.  

e)  The  short-ci rcu i t curren t sha l l  be  measured  at zero  vol tage,  us ing  a  variable  b ias  
(preferabl y e lectron ic)  to  offset the  vol tage  drop  across  the  external  series  resistance.  
Al ternative l y,  short ci rcu i t  curren t may be  extrapolated  from  the  curren t-vol tage 
characteristic.  The  curve  is  extrapolated  to  zero  vol tage  provided  that vol tage  drop  is  not 
h igher than  3  %  of the  device  open-ci rcu i t vol tage  and  that  there  i s  a  l i near re lationsh ip  
between  curren t and  vol tage.  

f)  The  accuracy of the  procedure  for i rrad iance  and  temperature  correction  i n  conformance 
wi th  I EC  60891  shal l  be  veri fied  period ica l l y by measuring  the  performance of a  specimen  
at se lected  i rrad iance  and  temperature  levels  and  comparing  the  resu l ts  wi th  
correspond ing  extrapolated  data  as  i n  I EC 60904-1 0.  

NOTE  I f temperatu re  and  i rrad iance  correcti on  i s  performed  across  wide  ranges  modu le  correction  
parameters  can  cons iderably affect  the  test  resu l t.  Care  shou l d  be  taken  regard ing  the  re l evance  of the  modu l e  
parameters  used .  I n  parti cu l ar series  res i stance  cannot  be  general i zed  to  a  batch  of specimens  of the  same 
type.  

I n  measuring  PV devices  wh ich  are  non  stable,  care  must be  taken  i n  se lecti ng  a  
representati ve  spectral  response.  

– 5 – EN 60904-1:2006

http://dx.doi.org/10.3403/01546963U
http://dx.doi.org/10.3403/00544081U
http://dx.doi.org/10.3403/01458634U
http://dx.doi.org/10.3403/01460413U
http://dx.doi.org/10.3403/00517896U
http://dx.doi.org/10.3403/01460413U


4 Apparatus  

4.1  For measurements  in  natural  sun l ight 

I n  add i ti on  to  the  general  measurement requ i rements  of Clause  3  the  fol l owing  equ ipment i s  
requ i red  to  perform  I -V characteristic measurements  i n  natural  sun l i gh t:  

a)  A PV reference device  or pyranometer that meets  the  cond i ti ons  stated  i n  i tem  a)  of 
Clause  3.  

b)  Means  for measuring  temperature  of the  reference  device  that meets  the  cond i ti ons  stated  
i n  i tem  b)  of C lause  3,  i f necessary.  

c)  Equ ipment to  determ ine  the  temperature  of the  test device  us ing  the  Equ iva len t Cel l  
Temperature  (ECT)  method  speci fied  i n  I EC 60904-5  or other means  to  measure  the  
temperature  of the  test  device  as  stated  i n  i tem  b)  of C lause  3.  

d )  A two-axis  tracking  system  capable  of tracking  the  sun  to  an  accuracy of ±5° .  

e)  A spectrorad iometer capable  of measuring  the  spectral  i rrad iance  of the  sun l i ght i n  the  
range  of the  spectral  response of the  test specimen  and  the  reference device,  i f spectral  
corrections  are  needed  as  defined  in  i tem  a)  of Clause  3 .  

4.2  For measurements  in  s imulated  sun l ight 

I n  add i ti on  to  the  general  measurement requ irements  of C lause  3  the  fol l owing  equ ipment i s  
requ ired  to  perform  I -V characteristic measurements  i n  s imu lated  sun l i gh t:  

a)  A PV reference  device  that i s  wel l  matched  to  the  test device  over the  ranges  of 
i rrad iances,  spectra l  d istribu tions  and  temperatures  of i n terest and  meets  the  cond i tions  
stated  i n  i tem  a)  of C lause  3.  

b)  Means  for measuring  the  temperature  of the  reference device  and  the  test specimen  that 
meets  the  cond i tions  stated  in  i tem  b)  of Clause  3.  

c)  A Class  BBB  or better solar s imu lator i n  accordance  wi th  I EC 60904-9.  The  designated  
test area  shal l  be  equal  to  or greater than  the  area  that i s  spanned  by the  test specimen.  

d )  An  i rrad iance  sensor that tracks  the  i nstan taneous  i rrad iance  i n  the  test p lane.  Th is  
i rrad iance  sensor shou ld  be  l i near i n  the  range  of i rrad iances  over wh ich  the 
measurements  are  taken  (see  I EC 60904-1 0) .  

e)  A spectrorad iometer capable  of measuring  the  spectral  i rrad iance  of the  s imu lator i n  the  
range  of the  spectral  response of the  test specimen  and  the  reference device,  i f spectral  
corrections  are  needed  as  defined  in  i tem  a)  of Clause  3 .  

NOTE  Care  shou l d  be  taken  i n  the  use  of an  em iss ion  l amp  such  as  Xenon  for testi ng  d i rect  band  gap  cel l s .   
As  the  band  gap  changes  due  to  temperatu re,  i t  can  pass  through  vari ous  em iss ion  l i nes  i n  the  l amp spectrum  
and  g i ve  ri se  to  l arge  sh i fts  i n  performance.  

5 Measurements  in  natural  sunl ight 

Measurements  i n  natura l  sun l i ght sha l l  be  made on l y when  g lobal  solar i rrad iance  i s  not  

fl uctuating  by more  than  ±1  %  during  a  measurement.  When  the  measurements  are  i n tended  

for reference to  STC the  i rrad iance  shal l  be  at  l east 800  W·m–2 .  
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The test procedure  i s  as  fol l ows:  

5. 1  Mount the  reference  device  as  near as  poss ible  to  and  co-p lanar wi th  the  specimen  on  

the two-axis tracker.  Both  shal l  be  normal  to  the  d i rect solar beam  wi th in  ±5° .  Connect to 
the necessary instrumentation.   

5. 2  I f the  specimen  and  reference  device  are  equ ipped  wi th  temperature  con trols ,  set  the  
con trols  at  the  desi red  l evel .   

 I f temperature  con trols  are  not used :   

5. 2 . 1  shade  the  specimen  and  the  reference  device  from  the  sun  and  wind  un ti l  thei r 

temperature  i s  un i form  wi th in  ±2  °C of the  ambien t  a i r temperature,  or 

5. 2. 2  a l l ow the  test specimen  to  equ i l ibrate  to  i ts  s tabi l i zed  temperature,  or 

5. 2. 3  pre-cond i tion  the  test specimen  to  a  poin t be low the  target temperatu re  and  then  
l et  the  modu le  warm  up  natural l y.  

NOTE  There  may be  d i fferences  between  average  cel l  temperatu re  and  average  back temperature  d uri ng  
warm ing  up.  

5. 3  Record  the  current-vol tage  characteristic and  temperature  of the  specimen  concurren tl y 
wi th  record ing  the  outpu t and  temperature  ( i f requ i red)  of the  reference  device  at the  
des i red  temperatures.  I f necessary,  make the  measurements  immed iatel y after 
removing  the  shade.  

NOTE  I n  most cases  the  thermal  i nerti a  of the  specimen  and  the  reference  device  wi l l  l im i t  the  
temperatu re  ri se  du ri ng  the  fi rst  few seconds  to  l ess  than  2  °C.  Thei r temperatures  wi l l  remain  reasonabl y 
un i form .  

5. 4  Ensure  that the  specimen  and  reference device  temperature  are  stable  and  remain  
constan t wi th in  ±1  °C  and  that the  i rrad iance  as  measured  by the  reference device  
remains  constant wi th in  ±1  %  (fluctuations  caused  by clouds,  haze,  or smoke)  during  
the  record ing  period  for each  data  set.   

5 . 5  I f a  pyranometer or an  unmatched  reference  device  i s  used  as  reference device,  
perform  a  s imu l taneous  measurement of spectra l  i rrad iance  us ing  the  spectrorad io-
meter.  Calcu late  the  effecti ve  i rrad iance  for the  specimen  under the  AM1 , 5  spectrum  
(see  I EC 60904-3)  us ing  i ts  spectral  response  data  (apply I EC 60904-7) .  

NOTE  When  no  spectral  i rrad iance  data  are  avai l abl e  the  match  of the  reference  device  to  the  specimen  
and  the  a i r mass  cond i ti ons  shou l d  be  checked  carefu l l y.  Measurement  shou ld  be  performed  on  a  cl ear 
sunny day (no  observable  cl ouds  around  the  sun ,  d i ffuse  contents  of solar i rrad iance  not  h i gher than  30  %).  

5. 6  Correct the  measured  curren t-vol tage  characteristic  to  the  des ired  i rrad iance  and  
temperature  cond i ti ons  i n  accordance wi th  I EC  60891  (for l inear devices).  For non-
l inear devices  refer to  I EC  60904-1 0  for gu idance in  determ in ing  over what range  the  
device  can  be  cons idered  to  be  l i near.  

6 Measurement in  steady-state simulated  sunl ight 

Steady-state  sun l igh t s imu lation  for photovol ta ic  performance measurements  shal l  meet the  
requ irements  of I EC  60904-9.  The  un i form i ty of l i gh t d istribution  i n  the  test area  shal l  be  
known  and  period ical l y checked .  The  accuracy of the  measurement shal l  be  veri fi ed  
period ica l l y by success ive  measurements  at the  same test  cond i ti on .  Three  methods  for 
ca l ibration  can  be  appl i ed .  I f the  device  under test i s  the  same si ze  as  the  reference  device,  
use  method  A.  I f the  device  under test i s  l arger than  the  reference  device,  use  method  B.  I f 
the  device  under test i s  smal l er than  the  reference  device,  use  method  C.  

NOTE  Method  A i s  the  preferred  method  as  i t  m in im ises  the  effects  of non -un i form i ty of i rrad iance  and  scal e  
factors  i n  the  e l ectron ics.  
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Method  A:  The  design  of the  device  under test shal l  be  i den ti cal  wi th  the  reference device  
wi th  respect  to  d imensions  and  electrical  properties.  For modu les,  th is  
requ irement concerns  the  ce l l  type  and  cel l  i n terconnection  ci rcu i t.  The  
reference device  and  the  device  under test  shal l  be  placed  at the  same 
pos i tion  i n  the  test area.  

Method  B :  The  d istribu tion  of i rrad iance  i n  the  test p lane  may not be  completel y un i form .  
The  effecti ve  i rrad iance  i s  the  averaged  i rrad iance  across  a  device’s  acti ve  
area.  For a  reference device  smal ler than  the  test  device,  the  reference  device  
shou ld  be  measured  at  d i fferen t l ocations  wi th in  the  envelope  of the  test 
device.  A posi ti on  that  yie lds  the  average  value  of the  reference device  
measurements  shou ld  be  used  for posi tion ing  the  reference device  for setting  
the  i rrad iance  i n  6. 2.  

Method  C:  The  d istribu tion  of i rrad iance  i n  the  test p lane  may not be  completel y un i form .  
The  effecti ve  i rrad iance  i s  the  averaged  i rrad iance  across  a  device’s  acti ve  
area.  For a  reference device  l arger than  the  test device,  the  test device  shou ld  
be  measured  at d i fferen t l ocations  wi th in  the  envelope  of the  reference device.  
A posi tion  that yie l ds  the  average  va lue  of the  test device  measurements  
shou ld  be  used  for posi ti on ing  the  test device  during  subsequent tests.  

The  test procedure  i s  as  fol l ows:  

6. 1  P lace  the  reference  device  i n  the  test p l ane  wi th  i ts  acti ve  surface  wi th in  ±5°  normal  to  
the  centre  l i ne  of the  beam .   

NOTE  Care shou ld  be  taken  that the  test p lane of the  solar s imu lator i s  qual i fied  accord ing  to  I EC 60904-9.  

6. 2  Set the  i rrad iance  of the  solar s imu lator so  that the  reference device  produces  i ts  
ca l i brated  short-ci rcu i t curren t or maximum  power at the  desi red  l evel  us ing  Method  A,  
B  or C.  

6 . 3  Remove the  reference device  and  p lace  the  specimen  in  the  test p l ane  as  described  
i n  6. 1 .  

6 . 4  Connect the  specimen  to  the  necessary i nstrumentation .  

NOTE  I f the  beam  i s  su ffi cien tl y wide  and  u n i form  the  specimen  can  be  p l aced  bes i de  the  reference  
device.  

6. 5  I f the  test arrangement i s  equ ipped  wi th  temperature  con trol ,  set the  con trol  a t the  
desi red  level .   I f temperature  con trols  are  not used ,  a l low the  test modu le  and  reference  
device  to  stabi l i ze  wi th in  ±1  °C  of the  ambien t a i r temperature.  Shade the  specimen  
and /or the  device  from  the  s imu lator beam  un ti l  the  device  temperature  i s  un i form  wi th in  

±2  °C  at  ambient ai r temperature.  

6. 6  Withou t chang ing  the  s imu lator setti ng ,  take  s imu l taneously read ings  of the  cu rrent-
vol tage  characteristic and  temperature  of the  specimen .  I f equ ipped  the  i rrad iance  
sensor shou ld  be  used  to  assure  that the  i rrad iance  i n  the  test p lane  i s  the  same for the  
test device  as  i t  was  for the  reference  device.  Where  i t  i s  not practical  to  con trol  the  
temperature  of the  specimen  make the  measurement immed iate l y after removing  the  
shade  (see  appl icable  note  in  5 . 3).   

6 . 7  I f the  temperature  of the  specimen  i s  not the  des i red  temperature,  correct the  measured  
curren t-vol tage  characteristic to  th is  temperature  us ing  the  procedure  i n  accordance 
wi th  I EC  60891  (for l i near devices).  For non- l i near devices  refer to  I EC  60904-1 0  for 
gu idance  i n  determ in ing  over what range  the  device  can  be  cons idered  to  be  l i near.   
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NOTE  1  Any non-un i form i ty of the  i rrad iance  i nciden t on  a  modu l e  can  affect  the  resu l tan t  I -V characteri sti cs.  Th i s  
effect  i s  i n fl uenced  by:  bypass  d iodes  i n  the  i n terconnection  ci rcu i t  of the  modu le,  the  reverse  I -V characteri sti cs  of 
the  cel l  type  and  the  i rrad i ance  d i s tri bu tion  i n  the  test  area.  Non -un i form i ty effects  shou l d  be  carefu l l y analysed  
and  cons idered  i n  the  uncertai n ty anal yses.  

NOTE  2  I f a  modu l e  i s  used  as  reference  device,  carefu l l y evaluate  whether short-ci rcu i t  current  or maximum  
power i s  the  appropriate  parameter for setti ng  the  i rrad iance  l evel  of the  sol ar s imu lator.  The  short  ci rcu i t  cu rren t 
method  i s  nearl y i n dependent  of modu le  temperatu re  and  the  modu le  connection  techn i que  bu t  may i n troduce 
errors  due  to  non -un i form  i l l um ination .  The  maximum  power method  can  compensate  non -un i form  i l l um ination  bu t  
may i n troduce  errors  due  to  modu l e  temperatu re  and  the  modu le  connection  techn i que.  The  most accurate  resu l ts  
wi l l  be  ach i eved  i f the  i rrad iance  l evel  i s  set  to  yi e l d  both  the  short  ci rcu i t  current and  peak power of the  reference  
modu le.   

NOTE  3  I f the  spatia l  d i stri bu tion  i n  the  test  area  i s  unknown  and  a  reference  cel l  i s  used  as  reference  device,  the  
measurement  resu l t  of the  device  under test  may change  i f the  reference  cel l  i s  reposi ti oned  wi th i n  the  test  area.  
Therefore  the  optimal  posi ti on  for p l acement of the  reference  cel l  shou ld  be  determ ined  by selecti ng  a  posi ti on  of 
average  i rrad iance  wi th i n  the  modu le  test  area.  Th i s  effect  can  be  reduced  by us ing  a  cal i brated  reference  modu le  
of s im i l ar s i ze  to  the  device  u nder test.  

NOTE  4  Open  ci rcu i t  vol tage  or fi l l  factor may be  i n fl uenced  by the  spectral  i rrad i ance  d i stri bu tion  of the  l i g h t  
source.  I f necessary th i s  effect  shou ld  be  anal ysed  by compari son  wi th  measu rement  resu l ts  recorded  i n  natural  
sun l i gh t.  

7 Measurement in  pulsed  simulated  sunl ight 

Pulsed  sun l ight s imu lation  for photovol ta ic performance measurements  shal l  meet the  
requ irements  of I EC  60904-9.  The  un i form i ty of l i gh t d istribution  i n  the  test area  shal l  be  
known  and  period ical l y checked .  The  accuracy of the  measurement shal l  be  veri fi ed  
period ica l l y by successive  measurements  at the  same test cond i ti ons.   

NOTE  Two types  of pu l sed  solar s imu lators  are  common ly used :  Long  pu l se  systems  wi th  a  pu l se  l ength  up  to  1  s  
and  acqu is i ti on  of the  I -V characteri sti c  du ri ng  one  fl ash  and  short  pu l se  systems  us ing  stroboscope  type  l amps  of 
<1  ms  pu l se  l ength ,  acqu i ri ng  one  I -V data  poin t  per fl ash .  The  use  of sol ar s imu lators  wi th  short  pu l se  may not  be  
su i table  for accu rate  I -V measurement  of sol ar cel l s  and  modu les  wi th  h i gh -capaci tance.  

Three methods  for ca l ibration  can  be  appl ied .  I f the  device  under test i s  the  same s i ze  as  the  
reference device,  use  method  A.  I f the  device  under test i s  l arger than  the  reference device,  
use  method  B .   I f the  device  under test i s  smal l er than  the  reference device,  use  method  C.  

Method  A:  The  design  of the  device  under test shal l  be  i den ti cal  wi th  the  reference device  
wi th  respect  to  d imensions  and  electrical  properties.  For modu les,  th is  
requ irement concerns  the  ce l l  type  and  cel l  i n terconnection  ci rcu i t.  The  
reference device  and  the  device  under test  shal l  be  placed  at the  same 
pos i tion  i n  the  test area.  

Method  B :  The  d istribu tion  of i rrad iance  i n  the  test p lane  may not be  completel y un i form .  
The  effecti ve  i rrad iance  i s  the  averaged  i rrad iance  across  a  device’s  acti ve  
area.  For a  reference device  smal ler than  the  test  device,  the  reference  device  
shou ld  be  measured  at  d i fferen t l ocations  wi th in  the  envelope  of the  test 
device.  A posi ti on  that  yie lds  the  average  value  of the  reference device  
measurements  shou ld  be  used  for posi tion ing  the  reference device  for setting  
the  i rrad iance  i n  7. 2.  

Method  C:  The  d istribu tion  of i rrad iance  i n  the  test p lane  may not be  completel y un i form .  
The  effecti ve  i rrad iance  i s  the  averaged  i rrad iance  across  a  device’s  acti ve  
area.  For a  reference device  l arger than  the  test device,  the  test device  shou ld  
be  measured  at d i fferen t l ocations  wi th in  the  envelope  of the  reference device.  
A posi tion  that yie l ds  the  average  va lue  of the  test device  measurements  
shou ld  be  used  for posi ti on ing  the  test device  during  subsequent tests.  
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The test procedure  i s  as  fol l ows:  

7. 1  P lace  the  reference  device  i n  the  test p l ane  wi th  i ts  acti ve  surface  wi th in  ±5°  normal  to  
the  centre  l i ne  of the  beam .  

NOTE  Care shou ld  be  taken  that the  test p lane of the  solar s imu lator i s  qual i fied  accord ing  to  I EC 60904-9.  

7. 2  Set the  i rrad iance  at the  test p lane  so  that  the  reference  device  produces  i ts  cal ibrated  
short-ci rcu i t current or maximum  power at the  desi red  i rrad iance  level  us ing  method  A,  
B  or C.  

NOTE  I n  most  pu l sed  solar s imu lators  the  I -V measu remen t i s  tri ggered  by an  i rrad iance  sensor (mon i tor 
cel l )  when  the  i rrad i ance  du ri ng  the  pu l se  reaches  a  l evel  wh ich  has  been  previous ly set  wi th  a  reference  
device.   

7. 3  I f necessary remove the  reference  device  and  p lace  the  specimen  as  described  i n  7 . 1 .  

NOTE  Care  shou ld  be  taken  to  ensure  that  the  posi ti on  of the  mon i tor cel l  i s  the  same  duri ng  cal i bration  
and  test.  

7. 4  Connect the  specimen  to  the  necessary i nstrumentation .  

NOTE  I f the  beam  i s  su ffi cien tl y  wide  and  un i form ,  the  specimen  can  be  p l aced  beside  the  reference  
device.  

7. 5  I f necessary,  a l low the  test modu le  and  reference  device  to  stabi l i ze  wi th in  ±1  °C  of the  
ambien t a i r temperature.  

7. 6  Record  the  curren t-vol tage  characteristic  and  temperature  of the  specimen  (or ambien t 
temperature,  i f i t  i s  the  same).  The  time i n terval  between  the  data  poin ts  shal l  be  
sufficientl y l ong  to  ensure  that the  response time of the  test specimen  and  the  rate  of 
data  col l ection  wi l l  not i n troduce  errors.  

7. 7  I f the  temperature  of the  specimen  i s  not the  des i red  temperature,  correct the  measured  
curren t-vol tage  characteristics  to  both  the  desi red  temperature  and  i rrad iance  i n  
accordance wi th  I EC  60891  (for l inear devices).  For non-l i near devices  refer to  
I EC 60904-1 0  for gu idance i n  determ in ing  over what range  the  device  can  be  
cons idered  to  be  l inear.   

NOTE  1  I n  the  case  of l ong  pu l se  systems  I -V data  poss ibl y  are  recorded  across  a  wide  range  of i rrad iance.  Care  
shou l d  be  taken  regard i ng  the  use  of modu le  parameters  for i rrad iance  correction .  The  tri gger shou ld  be  ad j usted  
so  as  to  yi el d  pos i ti ve  and  negati ve  i rrad iance  corrections  centred  on  the  target  i rrad i ance.  

NOTE  2   Any non-un i form i ty of the  i rrad i ance  i nciden t on  a  modu le  can  affect  the  resu l tan t  I -V characteristi cs.  
Th i s  effect  i s  i n fl uenced  by:  bypass  d i odes  i n  the  i n terconnection  ci rcu i t  of the  modu le,  the  reverse  I -V 
characteri sti cs  of the  cel l  type  and  the  i rrad iance  d i stri bu ti on  i n  the  test  area.  Non -un i form i ty effects  shou ld  be  
carefu l l y anal ysed  and  cons idered  i n  the  uncertain ty anal yses .  

NOTE  3  I f a  modu le  i s  used  as  reference  device,  i t  must be  carefu l l y eval uated  whether short-ci rcu i t  cu rren t or 
maximum  power i s  the  appropriate  parameter for setti ng  the  i rrad iance  l evel  of the  sol ar s imu lator.  The  short  ci rcu i t  
current  method  i s  nearl y i ndependent  from  modu le  temperature  and  the  modu le  connection  techn ique  bu t  may 
i n troduce  errors  d ue  to  non -un i form  i l l um ination .  The  maximum  power method  can  compensate  non -un i form  
i l l um ination  bu t  may i n troduce  errors  d ue  to  modu l e  temperature  and  the  modu l e  connection  techn ique.  

NOTE  4  I f the  spatia l  d i s tri bu tion  i n  the  test  area  i s  unknown  and  a  reference  cel l  i s  used  as  reference  device,  the  
measurement  resu l t  of the  device  under test  may change  i f the  reference  cel l  i s  reposi ti oned  wi th i n  the  test  area.  
Therefore  the  optimal  posi ti on  for p l acement of the  reference  cel l  shou ld  be  determ ined  by selecti ng  a  posi ti on  of 
average  i rrad iance  wi th i n  the  modu le  test  area.  Th i s  effect  can  be  reduced  by us ing  a  cal i brated  reference  modu le  
of s im i l ar s i ze  to  the  device  u nder test.  

NOTE  5  Open  ci rcu i t  vol tage  or fi l l  factor may be  i n fl uenced  by the  spectral  i rrad i ance  d i stri bu tion  of the  l i g h t  
source.  I f necessary th i s  effect  shou ld  be  anal ysed  by compari son  wi th  measurement resu l ts  recorded  i n  natural  
sun l i gh t.  

NOTE  6  Depend i ng  on  the  ce l l  technology,  I -V measurement  may be  i n fl uenced  by the  vol tage  sweep  rate  and  the  
sweep  d i rection .  Cel l s  wi th  h i gh  capaci tance  are  more  problematic.  These  effects  shou ld  be  carefu l l y anal ysed  i n  a  
test  programme.  Negati ve  effects  can  be  excl uded  when  measurements  i n  the  posi ti ve  vol tage  d i rection  s tarti ng  at  
the  short-ci rcu i t  cu rren t and  i n  the  negati ve  d i rection  starti ng  at  the  open -ci rcu i t  vol tage  overlap  optimal l y.  
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8 Test report 

A test report wi th  measured  performance  characteristics  and  test resu l ts  shal l  be  prepared  by 
the  test agency i n  accordance  wi th  ISO 1 7025.  The  test report  sha l l  contain  the  fol l owing  data:  

a)  a  t i t l e;  

b)  name and  address  of the  test  l aboratory and  l ocation  where  the  tests  were  carried  ou t;  

c)  un ique  identi fication  of the  report and  of each  page;  

d )  name and  address  of cl i en t;  

e)  a  description  and  i den ti fi cation  of the  specimen  (solar cel l ,  sub-assembly of solar cel l s  or 
PV modu le);  

f)  description  of the  test environment (natural  or s imu lated  sun l i gh t and ,  i n  the  latter case,  
brief description  and  class  of s imu lator) ;  

g )  date  of receipt  of test i tem  and  date(s)  of ca l i bration  or test,  where  appropriate;  

h )  reference  to  sampl i ng  procedure,  where  re levant;  

i )  i denti fication  of ca l ibration  or test  method  used ;  

j )  any deviati ons  from ,  add i ti ons  to  or exclus ions  from  the  cal i bration  or test method ,  and  
any other i n formation  re levant to  a  speci fic cal i bration  or test,  such  as  envi ronmental  
cond i ti ons;  

k)  description  and  i denti fication  of primary and/or secondary reference device  (cel l  or PV 
modu le) ;  

l )  i denti fication  of the  method  for temperature  and  i rrad iance  correction  of the  measured  
characteristic;  

m )  test resu l ts  supported  by tables  and  graphs,  i nclud ing  i rrad iance  l evel ,  temperatures  of the  
specimen  and  reference  device,  modu le  parameters  used  for correction  of the  current-
vol tage  characteristic;   

n )  e i ther the  m ismatch  correction  value  used  in  the  measurement or an  estimate  of the  error 
i n troduced  by us ing  the  m ismatched  reference  device;  

o)  a  s tatement of the  estimated  uncertain ty of test  resu l ts ;  

p)  a  s ignature  and  ti tle ,  or equ ivalent  identi fication  of the  person(s)  accepting  responsibi l i ty 
for the  con ten t of the  test report,  and  the  date  of i ssue;  

q )  a  s tatement to  the  effect that the  resu l ts  re late  on ly to  the  specimen  tested ;  

r)  a  statement that the  test  report shal l  not be  reproduced  except i n  fu l l ,  wi thou t the  wri tten  
approval  of the  laboratory.  

 

___________ 
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Annex ZA  
(normative) 

 
Normative references to international  publications 
with  their corresponding European publications  

 
The fol lowing  referenced  documents are indispensable for the appl ication  of th is document.  For dated 
references,  only the edition cited  applies.  For undated  references,  the latest edition  of the referenced  
document (including  any amendments) appl ies.   
 
NOTE   When an  international  publ ication has been modified  by common modifications,  indicated by (mod),  the relevant EN/HD 
appl ies.   

 
Publication  Year Title EN/HD Year 
  

IEC 60891  -1 )  Procedures for temperature and  irradiance 
corrections to measured  I -V characteristics  
of crystal l ine si l icon photovoltaic devices 

EN  60891   1 9942)  

 
  

IEC 60904-2 -1 )  Photovoltaic devices  
Part 2:  Requirements for reference solar cel ls

EN 60904-2 1 9932)  

 
  

IEC 60904-3 -1 )  Photovoltaic devices  
Part 3:  Measurement principles for terrestrial  
photovoltaic (PV) solar devices with  reference 
spectral  irradiance data 

EN  60904-3 1 9932)  

 
  

IEC 60904-5 -1 )  Photovoltaic devices  
Part 5:  Determination  of the equivalent cell  
temperature (ECT) of photovoltaic (PV) 
devices by the open-circuit voltage method 

EN  60904-5 1 9952)  

 
  

IEC 60904-6 -1 )  Photovoltaic devices  
Part 6:  Requirements for reference solar 
modules 

EN  60904-6 1 9942)  

 
  

IEC 60904-7 -1 )  Photovoltaic devices  
Part 7:  Computation  of spectral  mismatch 
error introduced in  the testing of a 
photovoltaic device 

EN  60904-7 1 9982)  

 
  

IEC 60904-9 -1 )  Photovoltaic devices  
Part 9:  Solar simulator performance 
requirements 

- - 

 
  

IEC 60904-1 0 -1 )  Photovoltaic devices  
Part 1 0:  Methods of l inearity measurement 

EN  60904-1 0 1 9982)  

 
  

ISO/IEC 1 7025 -1 )  General  requirements for the competence  
of testing and  cal ibration  laboratories 

EN  ISO/IEC 1 7025 20052)  

 
 
 

                                                      
1 )  Undated reference.  
2)  Valid  edition  at date of issue.  
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editions.

It is the constant aim of BSI to improve the quality of our products and services.  
We would be grateful if anyone finding an inaccuracy or ambiguity while using 
this British Standard would inform the Secretary of the technical committee 
responsible,  the identity of which can be found on the inside front cover.  
Tel:  +44 (0)20 8996 9000.  Fax:  +44 (0)20 8996 7400.

BSI offers members an individual updating service called PLUS which ensures 
that subscribers automatically receive the latest editions of standards.

Buying standards

Orders for all BSI,  international and foreign standards publications should be 
addressed to Customer Services.  Tel:  +44 (0)20 8996 9001.  
Fax:  +44 (0)20 8996 7001.  Email:  orders@bsi-global.com.  Standards are also 
available from the BSI website at http://www.bsi-global.com.

In response to orders for international standards,  it is BSI policy to supply the 
BSI implementation of those that have been published as British Standards,  
unless otherwise requested.

Information on standards

BSI provides a wide range of information on national,  European and 
international standards through its Library and its Technical Help to Exporters 
Service.  Various BSI electronic information services are also available which give 
details on all its products and services.  Contact the Information Centre.  
Tel:  +44 (0)20 8996 7111.  Fax:  +44 (0)20 8996 7048.  Email:  info@bsi-global.com.

Subscribing members of BSI are kept up to date with standards developments 
and receive substantial discounts on the purchase price of standards.  For details 
of these and other benefits contact Membership Administration.  
Tel:  +44 (0)20 8996 7002.  Fax:  +44 (0)20 8996 7001.  
Email:  membership@bsi-global.com.

Information regarding online access to British Standards via British Standards 
Online can be found at http://www.bsi-global.com/bsonline.

Further information about BSI is available on the BSI website at 
http://www.bsi-global.com.

Copyright

Copyright subsists in all BSI publications.  BSI also holds the copyright,  in the 
UK,  of the publications of the international  standardization bodies.  Except as 
permitted under the Copyright,  Designs and Patents Act 1988 no extract may be 
reproduced,  stored in a retrieval system or transmitted in any form or by any 
means –  electronic,  photocopying,  recording or otherwise – without prior written 
permission from BSI.

This does not preclude the free use,  in the course of implementing the standard,  
of necessary details such as symbols,  and size,  type or grade designations.  If these 
details are to be used for any other purpose than implementation then the prior 
written permission of BSI must be obtained.

Details and advice can be obtained from the Copyright & Licensing Manager.  
Tel:  +44 (0)20 8996 7070.  Fax:  +44 (0)20 8996 7553.  
Email:  copyright@bsi-global.com.


