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PHOTOVOLTAIC  DEVICES – 
 

Part 9:  Solar simulator performance requirements  
 
 
 

1  Scope and  object 

I EC standards  for photovol ta ic devices  requ i re  the  use  of speci fic classes  of so lar s imu lators  
deemed  appropriate  for speci fic tests.  Solar s imu lators  can  be  e i ther used  for performance  
measurements  of PV devices  or endurance  i rrad iati on  tests.  Th is  part of I EC  60904  provides  
the  defin i tions  of and  means  for determ in ing  s imu lator class i fications.  I n  the  case  of PV 
performance measurements ,  us ing  a  solar s imu lator of h igh  cl ass  does  not e l im inate  the  need  
to  quanti fy the  i n fluence  of the  s imu lator on  the  measurement by making  spectral  m ismatch  
corrections  and  anal yzing  the  i n fl uences  of un i form i ty of i rrad iance  of the  test p lane  and  
temporal  stabi l i ty on  that measurement.  Test reports  for devices  tested  wi th  the  s imu lator 
shal l  l i s t the  class  of s imu lator used  for the  measurement and  the  method  used  to  quanti fy the  
s imu lator’s  effect on  the  resu l ts.  

The  purpose  of th is  standard  i s  to  define  class i fi cations  of solar s imu lators  for use  in  i ndoor 
measurements  of terrestria l  photovol ta ic devices,  so lar s imu lators  are  classi fi ed  as  A,  B  or C  
for each  of the  three  categories  based  on  cri teri a  of spectra l  d istributi on  match ,  i rrad iance  
non-un i form i ty on  the  test p l ane  and  temporal  i nstabi l i ty.  Th is  standard  provides  the  requ i red  
methodolog ies  for determ in ing  the  rating  ach ieved  by a  solar s imu lator i n  each  of the  
categories.  

Th is  standard  i s  referred  to  by other I EC standards  in  wh ich  class  requ i rements  are  la id  down  
for the  use  of so lar s imu lators.  Solar s imu lators  for i rrad iance  exposure  shou ld  at l east fu l fi l  
cl ass  CCC requ i rements  where  the  th i rd  l etter i s  re lated  to  l ong  term  instabi l i ty.  I n  the  case  of 
use  for PV performance measurements ,  cl assi fication  CBA i s  demanded  where  the  th i rd  l etter 
i s  re lated  to  the  short term  instabi l i ty.  

2  Normative references  

The fol l owing  referenced  documents  are  i nd ispensable  for the  appl ication  of th is  document.  
For dated  references,  on ly the  ed i tion  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 60904-3:  Photovoltaic devices – Part 3:  Measurement principles for terrestrial 
photovoltaic (PV)  solar devices with  reference spectral irradiance data 

3 Terms and  defin i tions  

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

3. 1  solar s imu lator 

A solar s imu lator can  be  used  for two d i fferen t appl ications:  

a)  I -V measurement.  

b)  I rrad iance  exposure.  

The  equ ipment i s  used  to  s imu late  the  solar i rrad iance  and  spectrum .  S imu lators  usual l y 
consist of three  main  componen ts:  ( 1 )  l i ght source(s)  and  associated  power suppl y;  (2)  any 
optics  and  fi l ters  requ i red  to  mod i fy the  ou tpu t beam  to  meet the  classi fi cation  requ i rements ;  
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and  (3)  the  necessary controls  to  operate  the  s imu lator.  Solar s imu lators  shal l  be  l abel led  by 
the ir mode of operation  during  a  test cycle .  These  are  steady s tate,  s ing le  pu lse,  and  mu l ti -
pu lse.   

NOTE  1  Two types  of solar s imu lators  are  common ly used  to  determ ine  I -V characteri sti cs:  S teady-state  and  
pu l sed .  The  pu l sed  solar s imu lators  can  be  fu rther subd i vi ded  i n to  l ong  pu l se  systems  acqu i ri ng  the  total  I -V  
characteri sti c  du ri ng  one  fl ash  and  short  pu l se  systems  acqu i ri ng  one  I -V data  poin t  per fl ash .  

NOTE  2  Beside  the  l i gh t  source,  the  l amp power suppl y and  the  opti cs ,  a l so  the  I -V data  acqu is i ti on ,  the  
e lectron ic l oad  and  the  operati ng  software  may be  an  i n teg ral  part  of the  sol ar s imu lator.  Requ i rements  for the  
rel ated  measurement techn ique  are  i ncl uded  i n  other parts  of the  I EC 60904  series.  

3.2  test plane 

the  p lane  i n tended  to  con tain  the  device  under test  at the  reference i rrad iance  l evel  

3.3  designated  test  area 

reg ion  of the  test p lane  that i s  assessed  for un i form i ty 

NOTE  I f requ i red ,  typical  geometries  can  be  speci fi ed .  A speci fi cation  re lated  to  a  ci rcu lar geometry i s  a l so  
perm i tted .  

3.4  data  sampl ing  time 

the  time  to  take  a  s i ng le  data  set ( i rrad iance,  vol tage,  curren t).  I n  the  case  of s imu l taneous  
measurement,  th is  i s  g i ven  by the  characteristic  of the  A/D  converter.  I n  the  case  of 
mu l tip lexed  systems  the  data  sampl i ng  rate  i s  the  mu l tip lexing  rate.  

EXAMPLE   

A mu l ti p lexing  time of 1  μs  wou ld  g ive  a  sampl i ng  rate  of 1  MegaSamples  per second .  

NOTE  Due  to  a  possibl e  d el ay time  for trans ien t  osci l l ati on  at  each  data  poin t  the  data  sampl i ng  rate  must  be  
rel ated  to  the  data  acqu is i ti on  system  on ly.  

The data  sampl i ng  time i s  used  for evaluation  of temporal  stabi l i ty.  

3.5  data acqu isi tion  time  

the  time to  take  the  en ti re  or a  part of the  curren t-vol tage  curve  

NOTE  1  The  time  of data  acqu is i ti on  depends  on  the  number of I -V data  poi n ts  and  a  d elay time  that  m igh t  be  
ad justable.  

NOTE  2  I n  the  case  of pu l sed  sol ar s imu lators  the  t ime  of data  acqu is i ti on  i s  re l ated  to  the  measurements  
recorded  du ri ng  a  s i ng le  fl ash .  

3.6  time for acqu i ring  the  I -V characteristic  

i f the  I -V curve  of a  PV device  i s  measured  through  sectoring  in  d i fferent parts  and  successive  
flashes,  the  fu l l  t ime  for acqu i ri ng  the  en ti re  I -V characteristic i s  the  sum  of times  of data  
acqu is i ti on  

3.7  effective  i rrad iance 

i rrad iance  may change during  data  acqu is i tion  of a  I -V performance measurement.  The  
effecti ve  i rrad iance  is  then  the  average  i rrad iance  of a l l  d ata  poin ts.  

NOTE  Care  shou ld  be  taken  that  poss ibl e  i rrad iance  correcti on  meets  the  requ i rements  of I EC 60891 .  

EN 60904-9:2007– 5 –

http://dx.doi.org/10.3403/00517896U


 

3.8  spectral  range 

the  reference spectra l  d i stribution  of sun l i gh t at Ai r Mass  1 , 5  G lobal  i s  defi ned  i n  I EC 60904-
3.  For s imu lator evaluation  purposes  th is  standard  restricts  the  wavelength  range  from  
400  nm  to  1  1 00  nm .  I n  accordance wi th  Table  1  th is  wavelength  range  of i n terest i s  d i vided  i n  
6  wavelength  bands,  each  contribu ting  a  certain  percen tage  to  the  i n tegrated  i rrad iance.   

3.9  spectral  match  

spectral  match  of a  solar s imu lator i s  defined  by the  deviation  from  AM  1 , 5  reference  spectral  
i rrad iance  as  la i d  down  i n  I EC 60904-3.  For 6  wavelength  i n tervals  of i n terest,  the  percentage  
of tota l  i rrad iance  i s  speci fi ed  i n  Table  1 .  

Table  1  – G lobal  reference solar spectral  i rrad iance d istribution   
g iven  in  IEC  60904-3  

 Wavelength  range  

nm  

Percen tage of total  
i rrad iance  in  the  
wavelength  range      
400  nm  −  1  1 00  nm  

1  

2  

3  

4  

5  

6  

400  −  500  

500  −  600   

600  −  700  

700  −  800  

800  −  900   

900  −  1  1 00  

1 8, 4  %  

1 9, 9  %  

1 8, 4  %  

1 4 , 9  %  

1 2 , 5  %  

1 5, 9  %  

 

3. 1 0  non-un i formity of i rradiance  in  the  test  plane  
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where  the  maximum  and  m in imum  i rrad iance  are  those  measured  wi th  the  detector(s)  over 
the  designated  test area.  

3. 1 1  temporal  instabi l i ty of i rrad iance 

temporal  i nstabi l i ty i s  defi ned  by two  parameters:  

a)  Short term  instabi l i ty (STI )  

 Th is  re lates  to  the  data  sampl ing  time of a  data  set ( i rrad iance,  current,  vol tage)  during  an  
I -V measurement.  Th is  va lue  of temporal  i nstabi l i ty may be  d i fferent between  data  sets  on  
the  I -V curve.  I n  that case  the  short  term  i nstabi l i ty i s  determ ined  by the  worst case.  

 For batch  testi ng  of cel ls  or modu les  wi th  no  i rrad iance  mon i toring  during  I -V 
measurement the  STI  i s  re lated  to  the  time period  between  i rrad iance  determ ination .  

b)  Long  term  instabi l i ty (LTI )  

 Th is  i s  re lated  to  the  time period  of i n terest:   

– For I -V measurements  i t  i s  the  time for taking  the  en ti re  I -V curve.   

– For i rrad iation  exposure  tests  i t  i s  related  to  the  time period  of exposure.  

 

%1 00
minmax

minmax
(%) ×⎥

⎦

⎤
⎢
⎣

⎡

+

−
=

irradianceirradiance

irradianceirradiance
yinstabilitTemporal  

(2)

EN 60904-9:2007 – 6 –

http://dx.doi.org/10.3403/00319123U
http://dx.doi.org/10.3403/00319123U


 

 

where  the  maximum  and  m in imum  i rrad iance  depend  on  the  appl ication  of the  solar s imu lator.   

I f the  solar s imu lator i s  used  for endurance i rrad iation  tests,  temporal  i nstabi l i ty i s  defi ned  by 
the  maximum  and  m in imum  i rrad iance  measured  wi th  a  detector at any particu lar poin t on  the  
test p lane  during  the  time of exposure.  

3. 1 2  solar s imu lator classification  

a solar s imu lator may be  one  of three  classes  (A,  B ,  or C)  for each  of the  three  categories  – 
Spectral  match ,  spatia l  non-un i form i ty and  temporal  i nstabi l i ty.  Each  s imu lator i s  rated  wi th  
three  l etters  i n  order of spectral  match ,  non -un i form i ty of i rrad iance  in  the  test p lane and  
temporal  i nstabi l i ty (for example:  CBA).  

NOTE  The  solar s imu lator cl ass i fi cation  shou l d  be  period i cal l y checked  i n  order to  prove  that  cl assi fi cation  i s  
main tained .  For example  spectral  i rrad iance  may change  wi th  operati on  t ime  of the  used  l amp  or un i form i ty of 
i rrad i ance  i s  i n fl uenced  by the  refl ection  cond i ti ons  i n  the  test  chamber.  

4 Simulator requirements   

Table  1  g ives  the  performance requ i rements  for spectral  match ,  non-un i form i ty of i rrad iance  
and  temporal  i nstabi l i ty of i rrad iance.  For the  spectral  match ,  a l l  s ix i n tervals  shown  in  Table  1  
shal l  agree  wi th  the  ratios  i n  Table  2  to  obtain  the  respective  classes.  Refer to  C lause  5  for 
procedures  to  measure  and  calcu late  the  three  parameters  (spectra l  match ,  non-un i form i ty of 
i rrad iance  and  temporal  i nstabi l i ty)  of the  s imu lator.   

I f the  s imu lator i s  i n tended  to  be  used  for STC measurement,  i t  shou ld  be  capable  of 

producing  an  effective  i rrad iance  of 1  000  W/m
2

 at  the  test p lane.  H igher or l ower i rrad iance  
l evels  may a lso  be  requ i red .  

NOTE  I f h i gher or l ower i rrad i ance  i s  requ i red ,  th i s  may change  the  s imu lator cl assi fi cation .  

These  requ irements  apply to  both  steady s tate  and  pu lsed  solar s imu lators .   

Table  2  – Defin i tion  of solar s imulator classi fications  

Temporal  i nstabi l i ty 

Classi fi cations  
Spectral  match  to  al l  
i n tervals  speci fied  i n  

Table  1  

Non-un i formi ty 
of i rrad iance  

Short term   
i nstabi l i ty of 
i rradiance  

STI  

Long  term   
i nstabi l i ty of 
i rradiance  

LTI  

A 0 , 75  – 1 , 25  2  %  0 , 5%  2  %  

B  0 , 6  – 1 , 4  5  %  2  %  5  %  

C  0 , 4  – 2 , 0  1 0  %  1 0  %  1 0  %  

 

NOTE  An  example  of solar s imu lator cl assi fi cation  for I -V measurement i s  shown  i n  Table  3 .  The  cl assi fi cation  of 
spectral  match  i s  g i ven  for a  non -fi l tered  Xenon  l amp.  The  cl assi fi cation  for non -un i form i ty of i rrad iance  depends  
on  the  modu l e  s i ze  of i n terest.   
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Table  3  – Example  of solar s imu lator rating  measurements  

 

Classi fication  as  
speci fied  i n  table  2  

Spectral  match  to  al l  
i n tervals  speci fi ed  i n  Tabl e  1

Non-un i formi ty of 
i rradiance for a  speci fic  

modu le  s i ze  

Temporal  i nstabi l i ty of 
i rradiance  

CBB  

 

0 , 81  i n  400  – 500  nm  (A)  

0 , 71  i n  500  – 600  nm  (B)  

0 . 69  i n  600  – 700  nm  (B)  

0 , 74  i n  700  – 800  nm  (B)  

1 , 56  i n  800  – 900  nm  (C)  

1 , 74  i n  900  – 1  1 00  nm  (C)  

 

2 , 8  %  for modu le  s i ze    
1 00  cm  x 1 70  cm  

STI  eval uation :  
S imu l taneous  
measurement  of modu le  
current,  modu le  vol tage  
and  i rrad i ance.  Tri gger 
delay between  channels  
l ess  than   
1 0  nanoseconds.  Wi th in  
that  t ime  l ess  than  0 , 5  %  
change  of i rrad iance  (A)  

LTI  for taking  the  en ti re  
I -V cu rve  i n  a  1 0  ms  
i n terva l  =  3 , 5  %  (B)  

 Worst  case  cl assi fi cation  =  C  Class i fi cation  =  B  Classi fi cation  =  B  

5 Measurement procedures   

5.1  In troductory remarks  

I t  i s  the  i n ten t of th is  standard  to  provide  gu idance on  the  requ ired  solar s imu lator 
performance data  to  be  taken ,  and  the  requ i red  l ocations  i n  the  test area  for these  data  to  be  
taken .  I t  i s  not the  i n ten t of th is  standard  to  defi ne  the  possib le  methods  to  determ ine  the  
s imu lator spectrum  or the  i rrad iance  at any l ocation  on  the  test p lane.  I t  i s  the  responsibi l i ty of 
the  s imu lator manufacturer to  provide  i n formation  upon  request for test methods  used  i n  the  
determ ination  of the  performance i n  each  classi fication .  These  methods  shou ld  be  
scien ti fical l y and  commercial l y acceptable  procedures.  The  class i fication  of a  solar s imu lator 
does  not provide  any i nformation  abou t measurement errors  that are  re lated  to  photovol ta ic  
performance measurements  obtained  wi th  a  cl assi fied  solar s imu lator.  Such  errors  are  
dependent on  the  actual  measurement devices  and  procedures  used .  

5.2  Spectral  match  

5.2. 1  Avai lable  methods  are  the  use  of:   

a)  spectrorad iometer compris ing  a  grating  monochomator and  a  d iscrete  detector,   

b)  a  CCD or photod iode  array spectrometer (CCD  =  charge  coupled  device),   

c)  a  mu l ti p le  detector assembly wi th  band  pass  fi l ters,  and   

d )  a  s ing le  detector wi th  mu l tip le  band  pass  fi l ters .  

NOTE  Care  shou l d  be  taken  to  avoid  response  from  stray l i gh t  or second  order wavelength  effects.  Care  shou l d  
be  taken  that  the  sensi ti vi ty  of the  sensor i s  su i tab le  i n  the  wavel ength  range  of i n terest.  Care  shou l d  be  taken  to  
ensure  that  the  t ime  constant  of the  detector i s  su i tabl e  for the  pu l se  l ength  of the  s imu lator.  

5.2.2  The spectral  i rrad iance  data  taken  shou ld  be  in tegrated  i n  the  range  400  nm  to  1  1 00  
nm  and  the  percentage  con tribu tion  of the  6  wavelength  i n tervals  defined  i n  Table  1  to  the  
i n tegrated  i rrad iance  determ ined .  

5.2.3  Calcu late  the  spectral  match  for each  wavelength  i n terval ,  wh ich  i s  the  ratio  of 

ca lcu lated  percentage  for the  s imu lator spectrum  and  the  solar spectrum .  
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5.2.4  The  data  comparison  wi th  the  solar spectrum  shal l  i nd icate  the  spectral  match  

classi fication  as  per the  fol lowing :  

– C lass  A:  Spectral  match  wi th in  0 , 75-1 , 25  for each  wavelength  i n terval ,  as  speci fied  i n  
Table  2 .  

– Class  B:  Spectral  match  wi th in  0 , 6-1 , 4  for each  wavelength  i n terval ,  as  speci fied  i n  Table  2 .  

– Class  C:  Spectral  match  wi th in  0 , 4-2 , 0  for each  wavelength  i n terval ,  as  speci fied  i n  Table  2 .  

5.2.5  Al l  i n tervals  shown  i n  Table  1  shal l  agree  wi th  the  spectral  match  ratios  i n  Table  2  to  

obtain  the  respective  classes.   

NOTE  1  Spectral  match  may change  d uri ng  the  pu l se  of a  pu l sed  solar s imu lator.  Therefore,  i n teg rati on  time  for 
spectral  i rrad iance  measurement  shou ld  be  ad j usted  to  the  time  of data  acqu is i ti on  and  spectral  match  shou ld  be  
calcu lated  for that  time  peri od .  

NOTE  2  Spectral  match  may change  du ri ng  the  operati on  time  of the  solar s imu lator.  I f n ecessary,  the  spectral  
match  shou ld  be  checked  peri od ical l y.  

5.3  Non-uniformity of i rrad iance  on  the  test plane  

The i rrad iance  non-un i form i ty i n  the  test area  of a  l arge-area  solar s imu lator for measuring  PV 
modu les  depends  on  reflection  cond i tions  i nside  the  test chamber or test  apparatus.  
Therefore  no general i zation  can  be  made and  non-un i form i ty i s  to  be  evaluated  for each  
system .  

5.3. 1  An  encapsu lated  crystal l ine  s i l i con  cel l  or a  m in i -modu le  i s  recommended  to  be  used  
as  un i form i ty detector for determ in ing  the  non-un i form i ty of i rrad iance  i n  the  test  area  of the  
s imu lator by measuring  i ts  short-ci rcu i t current.  The  un i form i ty detector shal l  have  a  spectral  
response appropriate  for the  s imu lator.  The  l i neari ty and  time response of the  un i form i ty 
detector shal l  conform  to  the  characteristics  of the  s imu lator being  measured .  

NOTE  When  a  m in i -modu le  i s  used  as  u n i form i ty detector,  care  shou l d  be  taken  concern ing  poss ible  measu ring  
effects  caused  by the  i n terconnection  of cel l s .  

5.3.2  Divide  the  des ignated  test area  i n to  at l east 64  equal l y s ized  (by area)  test posi tions  
(b locks).  The  maximum  un i form i ty detector s i ze  shal l  be  the  m in imum  of 

a)  the  designated  test area  d i vi ded  by 64,  or 

b)  400  cm².  

The  area  covered  by the  detector measurements  shou ld  be  1 00  %  of the  designated  test area.  
The  measurement posi tions  shou ld  be  d istribu ted  un i form ly over the  des ignated  test area.  

NOTE  1  A m in i -modu le  can  be  used  as  un i form i ty detector as  l ong  as  the  d imensions  of i ts  acti ve  surface  fa l l  
wi th i n  the  d imensions  of the  test  pos i ti ons.  I t  shou ld  have  at  l east  80  %  packing  densi ty of cel l s .  

NOTE  2  For mu l ti p l e- l amp  solar s imu lators  a  h i gher resolu tion  of d ata  poin ts  us ing  a  smal l er detector may 
become necessary i n  order to  detect  i rrad iance  non-un i form i ty.  

NOTE  3  Modu le  manufactu rers  shou ld  cons ider the  use  of a  detector of the  same  d imensions  as  the  cel l s  i n  the  
modu le.   

Example:  Large-area  solar s imu lator 

A des ignated  test  area  of 240  cm  x 1 60  cm  g i ves  a  maximum  area  of un i form i ty d etector s i ze  of 600  cm² i f d i vi ded  
by 64.  As  th i s  val ue  i s  g reater than  400  cm² the  maximum  un i form i ty d etector s i ze  i s  400  cm² l ead ing  to  76  test  
pos i ti ons.  

5.3.3  Us ing  the  un i form i ty device,  determ ine  the  i rrad iance  i n  each  of the  test posi ti ons  

appl ying  the  fol lowing  methods:  
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a)  Steady-state  solar s imu lators:  At l east one  measurement of the  i rrad iance  shal l  be  made  
i n  each  l ocation .  

b)  Pu lsed  solar s imu lator:  The  tota l  i rrad iance  of the  solar s imu lator may not be  constant  
during  the  mon i toring  process.  Therefore,  a  second  PV device  shou ld  be  used  for 
mon i toring  the  i rrad iance  during  the  pu lse.  Th is  i s  to  be  p laced  at a  fixed  pos i tion  ou ts ide  
the  des ignated  test area  (mon i toring  device) .  Read ings  of both  devices  shou ld  be  taken  
s imu l taneousl y.  I f the  I V-curve  is  recorded  during  a  s ing le  pu lse,  at l east 1 0  read ings  
shou ld  be  taken  during  the  part of the  pu lse  i n  wh ich  the  I -V measurement i s  performed.  I f 
necessary,  i rrad iance  correction  i s  to  be  performed.  The  effecti ve  i rrad iance  i s  the  
average  of a l l  i rrad iance  corrected  read ings.  

5.3.4  Wh i le  the  un i form i ty device  may be  cen tred  i n  the  test pos i ti ons  ins ide  the  perimeter of 
the  test area,  i t  shal l  be  p laced  to  the  ou ter edge  of the  test area  for those  test pos i ti ons  on  
the  test area  perimeter.  

5.3.5  Spatia l  non-un i form i ty i s  determ ined  us ing  equation  (1 )  i n   3 . 1 0 .  

5.3.6  A table  of the  measured  s imu lator i rrad iance  pattern  shou ld  be  suppl ied  wi th  the  solar 
s imu lator to  ass ist the  user i n  testi ng  and  to  cl earl y defi ne  d i fferen t areas  wi th  d i fferent  
cl assi fications  and  fi nd  the  optimum  test pos i ti ons  for d i fferen t modu le/cel l  s i zes.  

5.3.7  The  class  of the  s imu lator for non-un i form i ty i s  g i ven  by the  fo l lowing :  

Class  A:  Non-un i form i ty of spatia l  i rrad iance  2  %,  as  speci fi ed  i n  Table  2 .  

Class  B :  Non-un i form i ty of spatia l  i rrad iance  5  %,  as  speci fi ed  i n  Table  2 .  

Class  C:  Non-un i form i ty of spatia l  i rrad iance  1 0  % ,  as  speci fied  i n  Table  2 .  

NOTE  The  i rrad iance  pattern  i n  the  test  area  of so lar s imu lators  may change  wi th  operati ng  hours  or when  l amps  
are  changed .  The  check of non -un i form i ty shou ld  be  i ncl uded  i n to  service  and  main tenance  work.  

5.4 Temporal  instabi l i ty of i rrad iance 

5.4. 1  Solar s imu lators  for I -V measurement 

Both  short term  i nstabi l i ty (STI )  and  l ong  term  i nstabi l i ty (LTI )  need  to  be  evaluated .  

For the  evaluation  of STI ,  the  I -V data  acqu is i tion  system  may be  considered  an  i n tegral  part  
of the  solar s imu lator.  I f a  solar s imu lator does  not i ncl ude  the  data  acqu is i tion  system ,  then  
the  s imu lator manufacturer shal l  speci fy the  correspond ing  data  sampl i ng  time as  re lated  to  
the  reported  STI  classi fication .   

There  are  two d i fferent cases  for pu lsed  solar s imu lators  and  three  cases  for s teady-state  
solar s imu lators  that are  considered .  

5.4. 1 . 1  Pu lsed  solar simulator determination  of STI  

For a  pu lsed  solar s imu lator where  the  data  acqu is i ti on  system  is  an  i n tegral  part of the  solar 
s imu lator evaluation  of STI  can  be  re lated  to  two measurement concepts:   

a)   When  there  are  three  separate  data  input l i nes  that s imu l taneousl y store  values  of 
i rrad iance,  curren t and  vol tage,  the  temporal  instabi l i ty i s  Class  A for STI .  

NOTE  The  uncertai n ty  i n  s imu l taneous  tri ggering  of the  th ree  mu l ti p l e  channels  i s  typical l y l ess  than   
1 0  nanoseconds.   

b)   When  each  data  set i s  taken  sequentia l l y ( i rrad iance,  current,  vol tage),  determ ine  the  
temporal  i nstabi l i ty as  defined  below (F igures  1  and  2)  

1 )  Determ ine  the  time for taking  two success ive  data  sets  ( i rrad iance,  current,  vol tage)  
considering  a  possib le  delay time between  measurements.   
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2 )  STI  i s  re lated  to  the  worst case  i rrad iance  change  between  successive  data  sets.   

3)  Determ ine  the  STI  us ing  the  data  from  step  2),  equation  (2)  and  Table  2 .  

NOTE  For pu l sed  sol ar s imu lators  used  for I -V measurements  bu t  not  i ncl ud i ng  an  I -V data  acqu is i ti on  
system ,  the  sections  of the  pu l se  to  be  u ti l i zed  and  the  number of even l y spaced  data  poin ts  for ach ieving  
cl ass  A,  B ,  C  of STI  must  be  stated  by the  solar s imu lator manufactu rer.   

5.4. 1 .2  Pu lse solar simulator determination  of LTI  

a)   For l ong  pu lse  solar s imu lators  the  LTI  i s  re lated  to  the  i rrad iance  change  of measured  
data  sets  during  the  time of data  acqu is i tion  (F igure  1 ) .  

b)   For mu l ti -fl ash  systems the  LTI  i s  re lated  to  the  maximum  i rrad iance  change measured  
between  al l  the  data  sets  used  to  determ ine  the  enti re  I -V curve.  
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Figure 1  – Evaluation  of STI  for a  long  pu lse  solar simulator 

 

Time

Ir
ra
d
ia
n
c
e
 Data sampling  time

Irradiance 

Voltage 

Current 

Data sampling  time

IEC   2039/07 
 

Figure 2  – Evaluation  of STI  for a  short  pu lse  solar s imulator 
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5.4. 1 .3  Steady state  solar simu lator for I -V measurement 

a)   When  there  are  three  separate  data  input l i nes  that s imu l taneousl y store  values  of 
i rrad iance,  curren t and  vol tage,  the  STI  i s  Class  A.  

NOTE  The  uncertai n ty  i n  s imu l taneous  tri ggering  of the  th ree  mu l ti p l e  channels  i s  typical l y l ess  than  
1 0  nanoseconds.  

b)   For s teady state  solar s imu lators  wi thou t s imu l taneous  measurement of i rrad iance,  curren t 
and  vol tage  the  fol l owing  procedure  i s  used  to  determ ine  STI :  

1 )  Determ ine  the  time for taking  two  successive  data  sets  ( i rrad iance,  curren t and  
vol tage)  cons idering  a  possible  delay time between  measurements.  

2)  STI  i s  re lated  to  worst case  i rrad iance  change  between  success ive  data  sets.  

3)  Calcu late  the  STI  us ing  the  data  from  step  2) ,  equation  (2)  and  Table  2 .  

NOTE  For steady state  sol ar s imu lators  used  for PV performance  measu rements  bu t  not  i n cl ud ing  an  I -V data  
acqu is i ti on  system ,  the  maximum  time  of data  acqu is i ti on  shou l d  be  stated  by the  sol ar s imu lator manufactu rer 
for a  ach ieving  cl ass  A,  B ,  C  of STI .   

c)  For steady state  solar s imu lators  not  i ncl ud ing  i rrad iance  measurement for a  data  set  the  
value  of STI  shal l  be  determ ined  from  prior measurement of the  i rrad iance  i nstabi l i ty over 
the  time period  of in terest for the  I -V measurement ( time between  measurement of 
i rrad iance).  The  con tinuous  measurement of i rrad iance  at s tabi l i sed  operati ng  cond i ti ons  
i s  evaluated  from  the  maximum  and  m in imum  in  that time period .  For th is  case  there  i s  no  
LTI .   

5.4.2  Solar s imu lators  for i rradiance exposure 

For steady state  solar s imu lators  used  for endurance i rrad iation  tests  the  value  of LTI  i s  of 
primary i n terest and  used  for class i fication .  The  fol lowing  procedure  i s  used  to  determ ine  the  
LTI :  

a)  Record  the  i rrad iance  variations  in  the  time period  of i n terest by using  a  su i table  
i rrad iance  sensor and  an  appropriate  averag ing  time.  I f mu l ti - lamp systems  are  used  a  
representati ve  number of l ocations  in  the  designated  test area  shal l  be  speci fi ed .   

b)  Determ ine  maximum  i rrad iance  and  m in imum  i rrad iance  from  data  measured  in  step  a).  

c)  Determ ine  the  LTI  us ing  the  data  from  step  b) , equation  (2).  

d )  Apply the  calcu lated  value  of LTI  to  determ ine  the  classi fication  of STI  i n  Table  2 .  

5.4.3  The  STI  class  of the  solar s imu lator i s  g i ven  by the  fo l lowing :  

Class  A:  Temporal  i nstabi l i ty 0 , 5  % ,  as  speci fi ed  i n  Table  2 .  

Class  B :  Temporal  i nstabi l i ty 2  % ,  as  speci fi ed  i n  Table  2 .  

Class  C:  Temporal  i nstabi l i ty 1 0  %,  as  speci fied  i n  Table  2 .  

6 Name plate  and  data sheet 

The fol lowing  i n formation  shal l  be  provided  by the  solar s imu lator manufacturer on  the  name 
p late  that  accompan ies  each  s imu lator:  

– manufacturer;  

– model ;  

– type  of solar s imu lator (pu lsed  or steady-state);  

– seria l  number;  

– date  of manufacture  or traceable  from  serial  number.  
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I n  add i tion  the  fol l owing  i n formation  shal l  be  provided  by the  solar s imu lator manufacturer on  
a  data  sheet that accompan ies  each  s imu lator:   

– Date  of i ssue  of data  sheet.  

– I n tended  use  of the  solar s imu lator ( I -V measurement or i rrad iance  exposure).  

– Class i fication  of “Spectral  match” .  

– Class i ficati on  of “Non-un i form i ty of i rrad iance”.  

– Classi fication  of STI .   

– Methods  of measurements  used  to  determ ine  classi fication  categories.  

– I rrad iance  range  over wh ich  these  classes  are  determ ined .  

– Maximum  time of data  acqu is i ti on  i f used  for I -V measurements.  

– Operating  environment for wh ich  the  class i fication  i s  va l id  (ambient cond i tions,  power 
requ i rements) .  

– Location  and  nom inal  area  of test  p lane  at  wh ich  the  classi fication  was  determ ined .  

– Nom inal  l amp setting  and  i rrad iance  l evels  at wh ich  the  classes  were  measured .  

– Table  of measured  spectral  i rrad iance  d istribu tion .  

– Warm  up  time for stabi l isation  of i rrad iance.  

– Warm  up  time for stabi l isation  of I -V measurements.  

– Table  of non-un i form i ty of i rrad iance  measured  over the  speci fied  test area.  

– Measured  temporal  i nstabi l i ty of i rrad iance  (LTI ) .  

– Maximum  ang le  subtended  by the  l i gh t source  ( i nclud ing  reflected  l igh t)  i n  the  test p l ane.  

– I rrad iance  profi l e  vs .  t ime  of the  pu lse  (for pu lsed  s imu lator) .  

– Data  sampl ing  rate.  

– Changes  that may requ i re  veri fication  of the  class i fication .   
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NOTE   Harmonized  as EN 60904-7:1 998 (not modified).  

NOTE   Harmonized  as EN  60904-8:1 998 (not modified).  

NOTE   Harmonized  as EN  60904-1 0:1 998 (not modified).  

NOTE   Harmonized  as EN 61 21 5:2005 (not modified).  

NOTE   Harmonized  as EN 61 646:1 997 (not modified).  
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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 this document.  For dated  
references,  only the edition cited applies.  For undated references,  the latest ed ition of the referenced  
document (including any amendments) applies.   
 
NOTE   When an  international  publ ication  has been  mod ified  by common modifications,  indicated  by (mod),  the  relevant EN/HD 
appl ies.   
 
Publication Year Title EN/HD Year 
  

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)  

 

 

 

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

EN 60904-9:2007– 15 –

http://dx.doi.org/10.3403/00319123U
http://dx.doi.org/10.3403/00319123U


BS EN  

60904-9:2007

BSI

389 Chiswick High Road

London

W4 4AL

BSI — British Standards Institution

BSI is the independent national body responsible for preparing 
British Standards.  It presents the UK view on standards in Europe and at the 
international level.  It is incorporated by Royal Charter.

Revisions

British Standards are updated by amendment or revision.  Users of 
British Standards should make sure that they possess the latest amendments or 
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.


