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INTERNATIONAL ELECTROTECHNICAL COMMISSION  

____________ 

 
PRIMARY OPTICS FOR CONCENTRATOR  

PHOTOVOLTAIC  SYSTEMS 
 

FOREWORD 

1 )  The  I n ternati onal  E lectrotechn i cal  Commiss ion  ( I EC)  i s  a  worl dwide  organ ization  for standard ization  compris i ng  
a l l  n ational  e l ectrotechn ical  commi ttees  ( I EC National  Commi ttees).  The  object  of I EC i s  to  promote  
i n ternati ona l  co-operation  on  a l l  q uestions  concern i ng  standard i zati on  i n  the  e l ectri cal  and  e l ectron ic fi e l ds.  To  
th i s  end  and  i n  add i ti on  to  other acti vi ti es,  I EC  publ i shes  I n ternational  Standards,  Techn ical  Speci fi cati ons,  
Techn ical  Reports ,  Publ i cl y Avai l abl e  Speci fi cations  (PAS)  and  Gu i des  (hereafter referred  to  as  " I EC  
Publ i cation (s )") .  Thei r preparation  i s  en trusted  to  techn ical  commi ttees;  any I EC  Nati onal  Commi ttee  i n terested  
i n  the  subj ect  deal t  wi th  may parti ci pate  i n  th i s  preparatory work.  I n ternational ,  governmental  and  non -
governmental  organ izations  l i a i s i ng  wi th  the  I EC a l so  parti cipate  i n  th i s  preparation .  I EC col l aborates  cl osel y 
wi th  the  I n ternational  Organ i zation  for Standard ization  ( I SO)  i n  accordance  wi th  cond i t i ons  determ ined  by 
agreement between  the  two  organ i zati ons.  

2)  The  formal  decis ions  or ag reements  of I EC on  techn ical  matters  express,  as  nearl y  as  possib le,  an  i n ternati onal  
consensus  of opi n ion  on  the  rel evant  sub jects  s i nce  each  techn ical  comm i ttee  has  representati on  from  al l  
i n terested  I EC National  Committees.   

3)  I EC Publ i cations  have  the  form  of recommendations  for i n ternational  use  and  are  accepted  by  I EC National  
Commi ttees  i n  that  sense.  Whi l e  a l l  reasonable  efforts  are  made  to  ensure  that  the  techn ical  content  of I EC  
Publ i cations  i s  accu rate,  I EC  cannot  be  hel d  responsi ble  for the  way i n  wh ich  they are  used  or for any 
m i s i n terpretation  by any end  u ser.  

4)  I n  order to  promote  i n ternational  u n i form i ty,  I EC National  Comm i ttees  undertake  to  app ly I EC Pub l i cations  
transparentl y to  the  maximum  extent  poss ible  i n  the i r national  and  reg i onal  publ i cati ons.  Any d i vergence  
between  any I EC Pub l i cation  and  the  correspond i ng  national  or reg i onal  publ i cati on  shal l  be  cl earl y i n d icated  i n  
the  l atter.  

5)  I EC i tsel f d oes  not  provi de  any attestation  of conform i ty.  I n dependent certi fi cati on  bod ies  provi de  conform i ty 
assessment  services  and ,  i n  some  areas,  access  to  I EC marks  of conform i ty.  I EC i s  not  responsi ble  for any 
services  carri ed  ou t  by i ndependent certi fi cation  bod i es .  

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

7)  No  l i abi l i ty shal l  attach  to  I EC  or i ts  d i rectors,  employees,  servants  or agents  i ncl ud ing  i n d ivi dual  experts  and  
members  of i ts  techn ical  commi ttees  and  I EC  Nati onal  Commi ttees  for any personal  i n j u ry,  property damage  or 
other damage  of any nature  whatsoever,  whether d i rect  or i nd i rect,  or for costs  ( i ncl ud i ng  l egal  fees)  and  
expenses  ari s i ng  ou t  of the  publ i cation ,  use  of,  or re l i ance  upon ,  th i s  I EC Publ i cati on  or any other I EC  
Publ i cations.   

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

9)  Atten tion  i s  d rawn  to  the  poss ib i l i ty that  some  of the  e l ements  of th i s  I EC Publ i cation  may be  the  subject  of 
patent  ri gh ts.  I EC shal l  not  be  hel d  responsibl e  for i den ti fyi ng  any or a l l  such  paten t  ri gh ts.  

The main  task of I EC  techn ical  comm ittees  i s  to  prepare  I n ternational  S tandards.  I n  
exceptional  ci rcumstances,  a  techn ical  committee  may propose  the  publ ication  of a  techn ical  
speci fication  when  

•  the  requ ired  support cannot be  obta ined  for the  publ ication  of an  I n ternational  Standard ,  
despi te  repeated  efforts,  or 

•  the  subj ect 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  poss ib i l i ty of an  agreement on  an  I n ternational  Standard .  

Techn ica l  speci fications  are  subj ect 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  62989,  wh ich  i s  a  techn ica l  speci fication ,  has  been  prepared  by I EC techn ica l  
committee  82 :  Solar photovol ta ic  energy systems.  
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The  text of th is  techn ical  speci fication  i s  based  on  the  fol l owing  documents:  

Enqu i ry d raft  Report  on  voti ng  

82/1 281 /DTS  82/1 376/RVDTS  

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

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

The  committee  has  decided  that the  con ten ts  of th is  publ ication  wi l l  remain  unchanged  unti l  
the  stabi l i ty date  ind icated  on  the  I EC websi te  under "h ttp: //webstore. iec. ch "  i n  the  data  
re lated  to  the  speci fic  publ ication .  At  th is  date,  the  publ ication  wi l l  be  

•  transformed  in to  an  I n ternational  Standard ,  

•  reconfi rmed ,  

•  wi thdrawn ,  

•  replaced  by a  revised  ed i ti on ,  or 

•  amended .  

A b i l ingual  vers ion  of th is  publ ication  may be  i ssued  at  a  l ater date.  

 

IM PORTAN T – Th e 'col ou r in si de'  l ogo on  th e  cover page  of th i s  pu bl i cation  in d i cates  
th at i t  con tain s  colou rs  wh ich  are  con si dered  to  be  u sefu l  for th e  correct 
u n derstan d in g  of i ts  con ten ts.  U sers  sh ou ld  th erefore prin t th i s  d ocu men t u si n g  a  
col ou r prin ter.  
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PRIMARY OPTICS FOR CONCENTRATOR  
PHOTOVOLTAIC  SYSTEMS 

 
 

1  Scope 

This  document encompasses  key characteristics  of primary optical  e lements  ( l enses  and  
m i rrors)  and  l ens  or m i rror parquets  for concen trator photovol ta ics  i nclud ing :  optical  
performance,  mechan ical  geometry,  mechan ical  streng th ,  materia ls ,  and  su rface  morphology.  
The  document i denti fi es  the  essen tia l  characteristi cs,  the  correspond ing  quan ti ties  of i n terest,  
and  provides  a  method  for measurement of each  quan ti ty.  

Th is  document a l l ows  l ens  and  m i rror manufacturers,  concentrator modu le  manufacturers,  
test l aboratories  and  other i n terested  parties  to  define  lens/m irror qual i ties  and  i nspect l enses  
and  m i rrors .  There  are  no  pass/fa i l  cri teria  associated  wi th  the  document.  

Th is  document defines  the  test cond i tions  rather than  to  speci fy the  precise  setup  of a  
measurement apparatus.  For example,  th is  enables  l aboratories  to  acqu i re  re l i ab le  and  
comparable  measurement resu l ts  i rrespective  of the  existi ng  l arge  variety of experimen tal  
setups  for focal  spot characterization .  H igh  priori ty i s  g i ven  to  comparable  and  reproducible  
measurements  of the  i rrad iance  d istribution  i n  the  focal  p l ane  and  of the  optica l  efficiency.  
Th is  requ ires  trade-offs  that  reduce  the  s im i lari ti es  to  ou tdoor cond i ti ons.  Furthermore,  i t  i s  
i n tended  not to  refer to  properties  of speci fic solar cel l s  as  th is  document i s  ded icated  to  
concentrator optics .  

The  terms  for l enses  are  appl icable  for m i rrors ,  un less  otherwise  speci fied .  

2  Normative references  

The fol l owing  documents  are  referred  to  i n  the  text i n  such  a  way that some or a l l  of thei r 
con ten t consti tu tes  requ irements  of th is  document.  For dated  references,  on l y 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 60050-845,  International Electrotechnical Vocabulary.  Lighting  

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

I EC 621 08: 2007,  Concentrator photovoltaic (CPV)  modules and assemblies – Design 
qualification and type approval  

I EC 62788-1 -4 ,  Measurement procedures for materials used in  photovoltaic modules –   
Part 1 -4: Encapsulants – Measurement of optical transmittance and calculation of the  
solar-weighted photon  transmittance,  yellowness index,  and UV cut-off wavelength  

I SO  291 ,  Plastics – Standard atmospheres for conditioning and testing   

I SO  489: 1 999,  Plastics – Determination of refractive index  

I SO  1 01 1 0-1 : 2006,  Optics and photonics – Preparation  of drawings for optical elements and 
systems – Part 1 :  General  

I SO  1 01 1 0-7 ,  Optics and photonics – Preparation of drawings for optical elements and 
systems – Part 7:  Surface imperfection tolerances  
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I SO  1 01 1 0-8:201 0,  Optics and photonics – Preparation of drawings for optical elements and 
systems – Part 8:  Surface texture; roughness and waviness  

I SO  1 01 1 0-1 9: 201 5,  Optics and photonics – Preparation of drawings for optical elements and 
systems – Part 19:  General description of surfaces and components  

I SO  1 0303-21 ,  Industrial automation systems and integration – Product data representation 
and exchange – Part 21 : Implementation methods: Clear text encoding of the exchange 
structure  

I SO  1 1 664-1  (CIE  S  01 4-1 /E:2006),  Colorimetry – Part 1 :  CIE standard colorimetric observers  

I SO  1 1 664-2  (CIE  S  01 4-2/E: 2006),  Colorimetry – Part 2: CIE standard illuminants  

I SO  1 1 664-4  (CIE  S  01 4-4/E: 2007),  Colorimetry – Part 4:  CIE 1976 L*a*b* Colour space  

I SO  1 4782,  Plastics – Determination of haze for transparent materials  

3 Terms and  defin i tions  

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

I SO and  I EC main tain  term inolog ica l  databases  for use  i n  standard ization  at the  fol l owing  
addresses:  

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

•  I SO  On l ine  browsing  p latform :  avai l able  at h ttp: //www. iso. org/obp  

3. 1   
entrance  aperture  
entrance aperture  of the  primary concentrator optics  l i es  i n  a  p lane  perpend icu lar to  the  
d i rection  of i rrad iation  and  is  defi ned  as  the  smal lest p lane  area  bound  by a  s imple,  usual l y 
convex,  geometric shape  that covers  a l l  optical l y concentrati ng  parts  of the  concentrator  

Note  1  to  en try:  An  opti ca l l y  i nacti ve  part  i n  the  en trance  apertu re  (e. g .  d raft  facets  of Fresnel  l enses,  secondary 
m i rrors  of Cassegrai n  opti cs ,  wi res  and  solar cel l s  i n  the  en trance  apertu re,  mounti ng  structu res,  rounded  aperture  
corners)  may not  be  subtracted  from  the  area  of the  en trance  apertu re  i f i t  i s  not  part  of an  ad jacent en trance  
apertu re  and  i s  smal l er than  1 0  %  of the  total  en trance  aperture.  

3.2   
target area  
plane  area  of s imple  geometric shape (e. g .  square,  rectang le,  ci rcle)  that i s  l ocated  in  
proxim i ty of the  focal  spot of the  primary concentrator optics  

Note  1  to  en try:  The  target  area  i s  centred  on  the  barycentre  (centre  of mass)  of the  focal  spot.  The  target area  
shal l  have  a  maximum  rad ius  at  l east  2  times  the  i n tercept rad i us.  

Note  2  to  en try:  I n  a  measurement setup,  the  target  area  may be  part  of a  l arger detector i f i t  i s  ensured  that  the  
rad ian t  fl u x imping ing  on  the  target area  can  be  d i scrim inated  from  the  rad i an t  fl u x imping ing  on  the  parts  of the  
detector l yi ng  ou ts i de  the  target  area.  

3.3   
in tercept rad ius  
rad ius  of a  ci rcu lar area  that resu l ts  i n  95  %  of the  rad ian t fl ux i ncident  on  the  enti re  target 
area  

Note  1  to  en try:  I n tercept rad i us  i s  expressed  i n  m i l l imetres.  
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3. 4   
opti cal  effici en cy 
ratio  of rad iant fl ux (Watts)  on  the  target area  wi th in  the  in tercept rad ius  to  the  rad iant flux  on  
the  entrance  aperture  of the  primary optics ,  expressed  as  percentage  value  

3. 5   
en ci rcl ed  en erg y 
accumu lated  rad iometric  power i n  a  ci rcle  on  the  target as  a  function  of the  rad ius  of the  
target area  

Note  1  to  en try:  Enci rcled  energy i n  shown  i n  the  enci rcl ed  energy graph .  The  g raph  i den ti fi es  the  accumu lated  
power as  a  fu nction  of the  rad i us  of the  target area.  The  i n tercept  rad i us  and  the  opti cal  effi ci ency can  d i rectl y be  
read  from  the  graph .  The  val ue  for the  enci rcl ed  energy requ i red  to  cal cu late  the  opti cal  e ffi ciency i s  95  %  of the  
maximum  (see  F igu re  1 ) .  

 

Fi gu re 1  – Exampl e of effici en cy versu s  spot  s i ze  – 
En ci rcl ed  en erg y l evel  of 95  %  

3. 6   
parqu et effi ci en cy 
ari thmetic mean  of the  optical  efficiencies  of a l l  optics  in  the  parquet,  a l l  measured  at the  
same entrance  aperture  to  target  area  d istance  

3. 7   
geometric  con cen trati on  
ratio  of the  ci rcle  defi ned  by the  i n tercept rad ius  to  the  s ize  of the  en trance  aperture  
(d imension less)  

3. 8   
l ocal  con cen tration  
ratio  of the  i rrad iance  (watts  per square  metre)  at a  poin t on  the  target area  to  the  average  
i rrad iance  of the  en trance  apertu re  (d imension less)  

3. 9   
focal  d i stan ce  
d istance  between  the  en trance  aperture  (most exterior surface  of the  primary optics)  and  
target area  that m in im izes  the  i n tercept rad ius  

3. 1 0   
sol ar-wei gh ted  tran sm ittan ce  of ph oton  i rrad i an ce  
proportion  of the  solar spectral  photon  i rrad iance  optical l y transm i tted  (or reflected)  through  
the  specimen ,  throughout  the  range  of the  terrestria l  so lar spectrum  (280  nm  to  2  500  nm)  

IEC  
Spot rad ius   (mm)  

2  ×  ri n tercept  ri n tercept  

ηmax  Use  power wi th i n  i n tercept rad i us   
to  cal cu late  opti cal  effi ci ency  

E
ff
ic
ie
n
c
y
  
(%

) 
0, 95  ×  ηmax  

Min imum  s i ze  for 
the  target  area  
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Note  1  to  en try:  Add i ti onal  analys i s ,  i ncl ud ing  representati ve  solar we igh ted  transm i ttance  wh ich  may not  i ncl ude  
wavel engths  as  l ow as  280  nm  or as  g reat as  2  500  nm  may a l so  be  reported .  

3. 1 1   
U V cu t-off wavelen gth  

λcU V  
wavelength  of l i ght below wh ich  the  sample  i s  cons idered  opti ca l l y absorbing  and  above  
wh ich  the  materia l  i s  considered  transm i tting  (or reflecti ng)  

Note  1  to  en try:  I n  th i s  procedure,  the  absol u te  transm i ttance  of 1 0  %  (correspond i ng  to  the  opti cal  absorbance  of 
1 )  i s  considered  as  the  th resho ld  of the  UV cu t-off wavelength .  

3. 1 2   
yel l own ess  in d ex 
YI 

calcu lated  va lue  i denti fying  the  ye l l owness  of the  test specimen  perceived  by a  human  
observer,  as  defined  i n  I SO  1 7223  

4 Pri mary opti cs  for concentrator photovol tai c systems  

Al l  primary optics  datasheets  complying  wi th  th is  document  shal l  provide,  as  part of their 
product marking  and  documentation ,  the  i n formation  speci fi ed  be low.  See  l ater cl auses  of th is  
document for further explanation  of i nd ividual  speci fications.  I n  add i tion  to  the  i n formation  
i nd icated  by the  examples,  i t  i s  requ i red  to  i nclude  a  techn ical  d rawing  of the  primary optics  
and  the  i nd icated  g raphs.  Some of the  speci fications  are  optional ;  however,  i f a  manufacturer 
of primary optics  chooses  to  i nclude  optional  i n formation ,  i t  shou ld  be  reported  and  measured  
us ing  the  defin i tions  provided  i n  th is  document (see  Tables  1  to  6) .  

Tabl e  1  – Ch aracteristi cs:  prod u ct id en ti fi cation   

Cl au s e  Ch aracteri sti cs  Param eter 

4  Product  i den ti fi cati on   

4  Manufactu rer  

4  Model  number  

4  Type  of primary opti cs   
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Tabl e  2  – Ch aracteri sti cs:  opti cs  

Cl au s e  Ch aracteri sti cs  S ym bol  an d  u n i t  of m easu re  

5  OPTI CS   

5 . 1  Sou rce  d efi n i ti on s   

Table  7  Angu l ar s i ze  (termed  col l imati on  hal f-ang le  of source)  θ ,  deg  

5. 1  Source  spectrum  − ,  W/(m 2nm) 

5. 2  Opti cal  m ateri al  properti es   

5 . 2 . 1  Spectral  transm i ttance  of l ens  materia l ,  ca l cu lati on  of 
yel l owness  i ndex,  cal cu lation  of UV-cu toff wave length  

α,τ(λ ,  T, h ,  i nci dence  ang l e)  ,  
UV-cut-off,  1 -nm  i ncrement  (as  I SO)  

5 . 2 . 2  Spectral  hem ispherical  refl ectance  of m i rrors  ρ(λ)  

5 . 2 . 3  D i spersion  V
D
 

5 . 2 . 4  Refracti ve  i ndex n (λ , T, h ),  −  

5 . 3  Focu si n g  ch aracteri s ti cs  (s ee  Tabl e  7  for d escri pti on  of 
M eth od s  A-C)  

 

5 . 3  Focal  l ength  F(T
nom

),  

d f/dT  

5. 3  Lens/m i rror effi ciency η ,  %  

5. 3  Parquet  effi ciency η ,  %  

5. 3  Focal  spot  s i ze  and  un i form i ty  95  %  i n  i n tercept rad ius  

5 . 3  Deformation  caused  by d i fferen tia l  thermal  expansion ;  
i rrad i ance  d i s tri bu tion  

- ,  (T),  I (λ , T, h ),  shape,  materi al s ,  
bond ing  techn i que;  measured  as  

effi ciency ∆η /K 

 Optional 

Compl iance  to  other standards  and  speci fi cati ons,  
i ncl ud i ng  design  qual i fi cation  and  type  approval  CPV 
modu le  ( I EC 621 08)  

 

 Optional 

Coati ngs:  mechan ical  and  functional  properties  

 

 Optional 

Soi l i ng  
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Tabl e  3  – Ch aracteristi cs:  mech an i cs  

Cl au s e  Ch aracteri sti cs  Param eter 

6  Mechan ics   

6 . 1  M in imum  rad ius   

6 . 2  Surface  hardness  (stati c)   

6 . 3  Impact res i stance  (dynam ic)  - ,  f(T)  

Optional  Recommendations  for transport/sh ipping ,  s torage,  
i nsta l l ati on ,  operations,  main tenance/cl ean i ng ,  pol i sh i ng ,  
recycl i ng/d i sposal  

 

 

Table  4 – Ch aracteri sti cs:  materi als  

Cl au s e  Ch aracteri sti cs  Param eter 

7  Materi a l s   

7  Type  and  manufacturi ng  process   

7  Materi a l  type   

7  Manufactu ri ng  process   

7  Chem istry   

7  Mass,  g rain  s i ze  mol  

7  Chem ical  composi ti on   

7  Permeabi l i ty   

7  Absorpti vi ty  %  

7  Thermal  expans ion  1 0−6  m /(m  K)  

7  Moistu re  expansi on  1 0−6  m /(m  %) 

7  Durabi l i ty   

7  UV-absorbants  (opti ona l )   

7  Yel l owness  i ndex CI E  

7  Accelerators   

7  Non -volun tary compl iance  RoHS,  WEEE,  OH&S,  among  
others  
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Table  5  – Ch aracteristi cs:  g eom etry 

Cl au s e  Ch aracteri sti cs  Param eter 

8  Geometry  

8 . 1  General   

8 . 2  Defi n i ti ons   

8 . 3  Fresne l  l enses  and  Fresnel  m i rrors   

8 . 4  G lobal  d imensions  I SO  1 01 1 0-1 : 2006,  I SO  1 01 1 0-8: 201 0  
and  I SO  1 01 1 0-1 9: 201 5  

mm  

8. 4  Lens  d imensions  mm  

8. 4  Number of l enses  n ,  -  

8 . 4  F l atness  mm/m  

   

8 . 4  Pri sm  geometry  

8 . 4  Facet  and  s tep  s i ze  mm  

8. 4  Facet  shape   

8 . 4  Tip  and  g roove  rad i i  µm  

8 . 4  Draft  ang l e  
°  

8. 4  Surface  morphol ogy  

8 . 4  Roughness  (RMS)  R
q
,  nm  

8. 4  Surface  energy (ASTM  D7490  [1 ] 1 )  
°  

8. 5  Data  exchange  
 

 

Tabl e  6  – Ch aracteristi cs:  vi su al  appearan ce  

Cl au s e  Ch aracteri sti cs  Param eter 

9  VI SUAL APPEARANCE   

9 . 1  Imperfections,  b l em ishes  ( I SO 1 01 1 0-7)   

 Scratches  n ,  1 /m 2  

 Bubbl es  n ,  1 /m 2  

 Edge  ch i ps   

9 . 2  Clari ty and  col or  

9 . 2 . 1  Haze  (and  sch l i eren ;  scorch )   

9 . 2 . 2  Colour,  I SO  1 1 664-4: 2008  -  

 

___________ 

1   Numbers  i n  square  brackets  refer to  the  B i b l i ography.  

International  Electrotechnical  Commission

Provided by IHS Markit under l icense with  IEC

 



I EC TS  62989: 201 8  © I EC 201 8  – 1 3  –  

5 Opti cs  

5. 1  Sou rce spectru m  

A reference  solar spectral  i rrad iance  d istribu tion  is  speci fied  for comparing  the  re lati ve  
performance of optica l  components  or understand ing  thei r impact on  photovol taic  devices.  
The  spectrum  may be  used  for the  purpose  of anal ysis  of the  throughput of optica l  fl ux.  The  
spectrum  is  a lso  defined  as  the  benchmark for so lar s imu lators  and  ou tdoor test cond i tions  
used  for the  veri fication  of performance,  see  I EC  60904-3.  

The spectral  photon  i rrad iance  [Epλ ,  m
–2 · s–1 · nm–1 ,  Formu la  (1 ) ]  accoun ts  for the  number of 

i nciden t photons  rather than  the  raw energy.  Photon  i rrad iance  i s  exam ined  because  one  
photon  can  produce at most one  e lectron-hole  pair i n  a  PV cel l .  Parameters  i n  the  formu la  

i nclude:  λ ,  the  wavelength  {m };  Eλ ,  the  spectral  i rrad iance  {W·m–2 · m–1 };  h ,  P lanck’s  constan t 

{6, 626  ×  1 0−34  W ⋅s2};  and  c,  the  speed  of l i gh t i n  a  vacuum  {2 , 998  ×  1 08  m ⋅s–1 } .  

 [ ] [ ]λ
λ

λ λλ E
hc

E =p  (1 )  

5. 2  Opti cal  materi al  properti es  

5. 2. 1  Spectral  tran smittan ce of l en s  m aterial  

5. 2. 1 . 1  Gen eral  

The  measurement of the  tota l  l um inous  transm i ttance  i s  speci fied  for veri fication  of the  optical  
performance of componen t materia ls  used  i n  the  primary optica l  e l ement (POE).  The  
standard ized  measurements  here  quanti fy the  expected  performance  of the  POE re lati ve  to  
the  component(s)  that fol low the  POE in  a  CPV modu le.  Subsequent ca lcu lation  of 
so lar-weighted  transm ittance  a l lows  for comparison  between  d i fferent  POE  components  
and /or materia ls.  

I n  the  case  where  reflectance  is  being  measured ,  i t  may be  measured  and  anal ysed  s im i lar to  
the  transm i ttance.  

Th is  measurement method  can  a lso  be  used  to  mon i tor the  performance  of POE materia ls  
after weathering ,  to  help  assess  the ir d urabi l i ty.  Subsequent calcu lation  of yel lowness  index 
a l l ows  for quan ti fication  of durabi l i ty and  cons ideration  of appearance.  The  change in  
transm i ttance,  yel l owness  i ndex,  and  u l traviolet (UV)  cu t-off wavelength  may be  used  by POE  
or CPV modu le  manufacturers  to  support comparing  the  durabi l i ty of d i fferen t materials .  

5. 2. 1 .2  Pri n ci pl e  

The tota l  spectral  transm i ttance  of represen tati ve  specimens  shou ld  be  measured  us ing  a  
spectrophotometer equ ipped  wi th  an  i n tegrating  sphere.  Solar-weigh ted  transm ittance,  
yel l owness  i ndex,  and  UV cu t-off wavelength  wi l l  be  subsequentl y calcu lated  from  the  optical  
measurements .  

NOTE  The  method  does  not  attempt to  account  for variati ons  i n  transm i ttance  wi th  the  ang le  of i nci dence,  wh ich  
can  vary wi th  t ime  of day,  sky cond i ti ons,  geometry of the  modu le,  and  the  concentration  of opti cal  fl u x.  

5. 2. 1 . 3  Apparatu s  

The test i nstrument shou ld  cons ist  of a  spectrophotometer equ ipped  wi th  a  double  beam .  A 
s i ng le  beam  spectrophotometer may be  used  i f the  port refl ectance  can  be  properl y accounted  
for,  as  i n  I EC  62788-1 -4.  Deta i l s  regard ing  the  construction  and  configu rations  of the  test 
i nstrument can  be  found  i n  I SO  1 3468-2  [2 ]  or ASTM  E424-71  [3 ] .  A measurement range  of at  
l east 280  nm  to  2  500  nm  is  requ i red  for ca lcu lation  of the  solar-weighted  transm ittance  us ing  
the  AM1 .5  d i rect spectrum  as  i n  I EC  60904-3.  The  m in imum  measurement i ncrement of 1  nm  
shal l  be  used  in  measurements.  
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5. 2. 1 .4  Test specim en s  

5. 2. 1 . 4.1  Specim en  size  an d  g eometry 

Specimens  shal l  cons ist of p lacard  or d iscs  composed  of the  POE materia l (s) .  The  rad ius  of 
curvature  for the  specimens  shou ld  be  su fficientl y l arge  that the  wid th  of the  transm itted  (or 
reflected)  beam  remains  smal l er than  the  aperture  of the  i n tegrating  sphere.  

The  specimens  shal l  con tain  an  exam ination  reg ion  free  from  visib le  fl aws  i nclud ing :  
scratches,  p i ts,  s i nk marks,  bubbles,  or other imperfections.  The  exam ination  reg ion  shal l  be  
at l east 50  %  larger i n  d iameter than  the  measurement area  of the  test i nstrument.  A spot s i ze  
of 1  cm  x 1  cm  i s  common  i n  many commercia l  spectrophotometer i nstruments.  Use  of 
specimens  at l east 2  to  3  t imes  th is  s i ze  wi l l  improve un i form i ty (resu l ti ng  from  fabrication)  
and  hand l ing  (during  measurement) .  The  s i ze  ( length  and  wid th)  shou ld ,  however,  be  
adequate  to  a l low the  specimen  to  fi t  i ns ide  the  test i nstrument.  

The  nom inal  th ickness  of the  specimens  shal l  be  equal  to  the  th ickness  i n tended  for use  i n  
CPV modu les.  When  a  l am inate  or composi te  materia l  i s  used ,  the  th ickness  of each  of the  
component l ayers  shal l  be  the  same as  i n tended  for use  i n  a  CPV POE.  

Specimens  shou ld  be  prepared  accord ing  to  the  manufacturer’s  speci fi cation  and  us ing  a  
process  as  s im i l ar as  possible  to  the  method  used  i n  the  i n tended  manufacturing  process.  

The  th ickness  of the  test specimen  shal l  be  measured  after i ts  preparation .  The  th ickness  
shal l  be  taken  as  the  average  of three  measurements  obta ined  at d i fferen t l ocations  on  the  
test reg ion  of the  specimen .  

Both  surfaces  of the  specimens  shal l  not be  faceted  or i n ten tional l y textured .  

5. 2. 1 . 4.2  N u mber of specim en s  

A m in imum  of 3  repl icates  shal l  be  used  for the  determ ination  of the  transm i ttance  or i n  
weathering  stud ies.  Optica l  characteristics,  i nclud ing  transm i ttance,  YI,  and  the  UV cut-off 
wavelength  shal l  be  subsequentl y calcu lated  using  the  average  of the  three  separate  
specimens,  wi th  the  range  of the  measurements  i nd icated  to  i den ti fy the ir variabi l i ty.  

5. 2. 1 . 4.3  Con d i ti on i n g  of specim en s  

Specimens  used  for the  purpose  of datasheet reporting  shal l  be  main tained  at (23  ±  2)  °C,  
(50  ±  1 0)  %  re lati ve  hum id i ty for at l east 24  h ,  or un ti l  the  mass  has  stabi l i zed  to  ±  1 0  %  
(wh ich  can  take  on  the  order of 300  h  for PMMA,  i f not  force-dried),  as  recommended  i n  
ISO 291  C lass  2 ,  prior to  optical  measurement.  

5. 2. 1 . 5  M easu rem en t proced u re  

5. 2. 1 .5.1  Specim en  preparati on  

Prior to  measurement,  specimens  shou ld  be  free  of dust,  g rease,  or other contam inants .  The  
specimens  and  i nstrument shou ld  be  i n  thermal  equ i l i brium  pri or to  measurement.  

5. 2. 1 .5.2  In stru m en t cal i brati on  (basel i n e  m easu rem en ts)  

Al low the  i nstrument l amp to  adequate l y equ i l i brate  after i t  has  been  l i ghted ,  observing  the  
typical  warm-up period ,  for example  1 5  m in  or as  recommended  by the  instrument 
manufacturer.  Perform  the  correction  scan(s)  to  compensate  for the  i nstrument basel i ne  
si gnal .  

The  1 00  %  transm ittance  basel i ne  measurement shou ld  be  performed  i n  a i r,  wi th  no  specimen  
present.  The  1 00  %  reflectance  basel i ne  measurement shou ld  be  performed  using  a  
cal ibrated  standard  s im i lar to  the  reflector specimens,  for example  s i l vered  g lass  for s i l vered  
g lass  reflectors  or Spectra lon  for general  purposes.  The  0  %  transm ittance  basel i ne  
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measurement shou ld  a lso  be  performed ,  i f possib le.  Period ic measurement of the  basel i ne  is  
recommended  to  m in im ize  instrument d ri ft and  ensure  the  measured  va lues  are  accurate.  The  
i nstrument d ri ft  occurring  over an  extended  measurement session  may be  i nstrument speci fic.  

5. 2. 1 .5.3  Specim en  m easu rem en ts  

Perform  the  transm i ttance  measurements  for the  test  specimens  over the  wavelength  range  of 
at  least  280  nm  to  2  500  nm  using  a  1  nm  i ncrement.  

L inear i n terpolation  to  a  1  nm  increment may be  used  when  on l y a  coarser measurement 
i ncrement (maximum  of 5  nm)  i s  avai lable.  The  error associated  wi th  a  coarser i ncrement may 
be  more  i n fl uen tia l  at shorter waveleng ths  (where  YI and  the  UV cu t-off wavelength  are  
determ ined)  than  at l onger wavelengths  (where  on l y the  solar-weighted  transm ittance  is  
affected) .  When  appl ied ,  the  use  of l i near in terpolation  shou ld  be  noted  i n  the  test report.  The  
spectral  bandwid th  shou ld  be  less  than  or equal  to  the  i ncrement of the  measurement,  i . e .  
1  nm  or 5  nm .  

5. 2. 1 . 5.4  Referen ce  m easu rem en ts  

Perform  the  transm i ttance  measurements  on  a  wi tness  specimen  at the  beg inn ing  of each  
measurement sess ion  to  assure  proper operation  of the  i nstrument and  m in im ize  the  
measurement error.  Perform  the  transm i ttance  measurements  of any wi tness  specimens  us ing  
the  same procedure  appl ied  to  the  test specimen(s) .  The  wi tness  specimens  may i nclude  a  
traceable  s tandard  specimen  or l aboratory working  wi tness  specimen .  

5. 2. 1 .6  Cal cu l ati on  an d  expressi on  of resu l ts  

5. 2. 1 . 6.1  Post-processi n g  of d ata  

The measurements  obtained  from  three  separate  specimens  shal l  be  averaged  at each  
wavelength  i ncrement.  The  range  (d i fference of the  maximum  and  m in imum)  shal l  a lso  be  
determ ined  at each  wavelength  i ncrement.  I n  th is  manner,  the  transm ittance  shal l  be  reported  
at  each  wavelength  measured .  

5. 2. 1 . 6.2  Calcu l ati on  of wei gh ted  tran sm ittan ce  

The solar-weighted  transm i ttance  may be  calcu lated  wi th  Formu la  (2) :  
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where  

τsw   i s  the  solar-weigh ted  transm ittance  (%);   

τ    i s  the  measured  transm ittance  of the  specimen  (%);   

λ    i s  the  wavelength  of l i ght  (nm);   

Epλ   i s  the  reference spectra l  photon  i rrad iance  (m –2 · s–1 · nm–1 ,  as  g iven  in  I EC 60904-3) .  

The  solar-weighted  transm i ttance  shou ld  be  calcu lated  for the  wavelength  range  of at  l east 
280  nm  to  2  500  nm .  The  solar-weigh ted  transm i ttance  (as  wel l  as  YI)  obtained  from  the  
spectrophotometer measurements  (1  nm  in terval )  shal l  be  ca lcu lated  us ing  a  d iscreti zed  sum .  
For I EC 60904-3,  the  denom inator of the  solar-weighted  transm ittance  equals  
4 , 1 55   1 28   570   735   31  ×  1 023  (m–2 · s–1 ) .  Other weighted  transm itted  values  may be  add i tional l y 
calcu lated  [s im i l ar to  Formu la  (1 )]  from  the  tabu lated  transm i ttance  data  for other waveleng th  
ranges.  
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5. 2. 1 .6. 3  Cal cu l ati on  of th e  yel lown ess  i n d ex 

YI may then  be  ca lcu lated  accord ing  to  the  fo l lowing  procedure.  F i rst,  ca lcu late  the  tris timu lus  

values  us ing  the  Formu las  (3)  to  (5) :  

 
[ ] [ ] [ ] λλλλτ dxSkX D65∫=

 (3)  

 
[ ] [ ] [ ] λλλλτ dySkY D65∫=

 (4)  

 
[ ] [ ] [ ] λλλλτ dzSkZ D65∫=

 (5)  

where  

X,  Y,  and  Z  represent the  three  tris timu lus  coefficients  (un i tl ess);   

k  i s  the  normal i zi ng  factor (un i tless) ;   

τ   i s  the  measured  transm i ttance  of the  specimen  (%);   

λ   i s  the  wavelength  of l i ght  (nm);   

SD65   i s  the  re lati ve  spectra l  power of the  i l l um inant (un i tless,  as  i n  I SO  1 1 664-2) ;   

x ,  y ,  and  z   are  the  relati ve  colour-match ing  functions  of the  observer (un i tless ,  as  in  

I SO  1 1 664-1 ) .   

The  CIE  Standard  D65  I l l um inan t (wh ich  represents  the  m idday ou tdoor sun  in  northern  
l ati tudes)  shal l  be  used  i n  ca lcu lations  as  defined  in  I SO  1 1 664-2.  The  CIE  1 964  XYZ colour 
space (wh ich  represents  a  human  observer wi th  a  1 0°  fie ld  of view)  shal l  be  used  i n  
ca lcu lations  as  defined  i n  I SO  1 1 664-1 .  

The  normal i zi ng  factor shou ld  be  determ ined  from  Formu la  (6) :  

 [ ] [ ]∫= λλλ dySk D65  (6)  

For I SO  1 1 664-1  and  I SO  1 1 664-2  ( i n  1  nm  increments),  k =  8, 606  ×  1 0–3 .  The  normal i zing  

factor i s  appl ied  to  a l l  tri stimu lus  coefficien ts,  bu t i s  ca lcu lated  speci fical l y for the  y  
co lour-match ing  function .  

YI may then  be  calcu lated  from  Formu la  (7) :  

 

Y

ZCXC
YI

ZX −
= 100  (7)  

The  ye l lowness  index is  ca lcu lated  us ing  the  tris timu lus  coefficien ts  as  wel l  as  the  
coefficien ts,  Cx  =  1 , 301   3  (un i tl ess)  and  Cz  =  1 , 1 49   8  (un i tless) .  

NOTE  Add i ti onal  detai l s  re l ated  to  the  YI can  be  found  i n  I SO  1 7223.  

5. 2. 1 . 6.4  Calcu l ati on  of th e  U V cu t-off wavel en gth  

The UV cu t-off wavelength ,  λcUV,  sha l l  be  determ ined  as  the  l ongest measured  wavelength  (to  
the  nearest nm)  i n  the  UV range (where  λ  ≤  400  nm)  where  the  transm i ttance  equals  1 0  %  or 
l ess.  
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I n  cases  where  the  UV cut-off wavelength  i s  known  to  be  l ess  than  280  nm ,  the  range  of 
measurement shou ld  be  extended  below 280  nm  to  quanti fy i ts  speci fic value.  

5. 2. 1 .7  Test report  

A report of the  tests  shal l  be  prepared  by the  test agency.  The  report shal l  con tain  the  detai l  
speci fication  for the  specimens.  Each  certi ficate  or test report sha l l  i nclude  at l east the  
fol lowing  in formation :  

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  certi fication  or report  and  of each  page;  

d )  name and  address  of cl i en t,  where  appropriate;  

e)  description  and  identi fi cation  of the  i tem  tested ,  incl ud ing  materia l  type,  specimen  
th ickness  (and  i ts  range  of variation),  the  specimen  s i ze  ( l eng th  and  wid th  or d iameter) ;  

f)  characterization  and  cond i tion  of the  test i tem ,  i ncl ud ing  the  method  and  detai ls  of 
specimen  preparation  ( i nclud ing  curing ,  l am ination ,  or s im i lar processing ,  i f appl icable)  
and  precond i ti on ing ;  

g )  date  of receipt  of test i tem  and  date(s)  of test,  where  appropriate;  

h )  i denti fication  of test method  used ,  i ncl ud ing  the  make and  model  of the  test i nstrument 
and  the  use  (and  make and  model )  of an  i n tegrati ng  sphere;  

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

j )  any deviations  from ,  add i ti ons  to,  or exclusions  from ,  the  test method  and  any other 
i n formation  re levan t to  a  speci fic test,  such  as  envi ronmenta l  cond i tions;  and  the  
procedure(s)  and  cond i ti on(s)  used  for weathering  and  any precond i ti on ing  conducted  
prior to  measurements;   

k)  measurements ,  exam inations  and  derived  resu l ts  supported  by tables,  graphs,  sketches  
and  photographs  as  appropriate  i nclud ing  the  complete  set  of the  tabu lated  average  
transm i ttance   va l ues  and  the  correspond ing  range  of the  averaged  values ;  the  estimated  
uncertain ty of the  transm ittance  measurement ( i nstrument);  the  averaged  solar-weigh ted  
transm i ttance  of photon  i rrad iance  and  the  correspond ing  range  of the  averaged  values;  
the  UV cut-off wavelength  and  i ts  uncerta in ty;  and  any fai l u res  observed ;  

l )  the  ye l l owness  index and  i ts  uncertain ty (wh ich  shou ld  be  determ ined  after each  
weathering  i n terval  i n  add i ti on  to  i ts  orig inal  va lue  i n  the  case  of weathering  experiments);  

m )  a  statement of the  estimated  uncertain ty of the  test resu l ts  (where  relevan t); the  
measurement of the  wi tness  specimen  ( i f used)  and  i ts  deviation  from  i ts  wi tness  values.  
When  appl icable,  the  detai ls  of the  wi tness  specimen  (such  as  i ts  preparation ,  
composi tion ,  and  th ickness)  shal l  be  speci fied ;  

n )  a  s i gnature  and  ti tl e,  or equ ivalent identi fication  of the  person(s)  accepting  responsibi l i ty 
for the  con ten t of the  certi ficate  or report,  and  the  date  of i ssue;  

o)  where  re levant,  a  s tatement to  the  effect that the  resu l ts  re late  on l y to  the  i tems  tested ;  

p)  a  statement that  the  certi ficate  or report sha l l  not  be  reproduced  except i n  fu l l ,  wi thou t the  
wri tten  approval  of the  l aboratory.  

5. 2. 2  Spectral  h em i sph eri cal  refl ectan ce of m i rrors  

For add i tional  considerations  re lated  to  the  measurement of the  spectra l  hem ispherica l  
refl ectance  of m irrors,  refer to  the  document prepared  and  updated  by the  SolarPACES  
organ ization  [4] .  
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5. 2. 3  Di spersion :  Abbe  n u mber of CPV pri mary len s  materi al s  

5. 2. 3.1  Defin i tion s  

The  Abbe number ν  i s  a  common  characterization  of d ispers ion ,  i . e .  the  change of the  
refracti ve  index n  wi th  wavelength  λ .  Al ternativel y,  νD ,  νd  or νe  can  be  determ ined ,  where  
each  Abbe number i s  ca lcu lated  from  a  d i fferent  set  of th ree  refractive  ind ices:  

 νD  =  (nD  – 1 )  /  (nF  – nC)   

 νd  =  (nd  – 1 )  /  (nF  – nC)   

 νe  =  (ne  – 1 )  /  (nF´  –  nC´)   

where  

nD  i s  the  refracti ve  i ndex at 589, 3  nm  (m id  poin t of the  sod ium  spectral  em ission  l i ne  
doublet that has  l ines  at 589, 0  and  589, 6  nm);  

nF  i s  the  refractive  i ndex at 486, 1  nm  (spectral  em iss ion  l i ne  of hydrogen) ;  

nC  i s  the  refracti ve  i ndex at 656, 3  nm  (spectral  em iss ion  l i ne  of hydrogen) ;  

nd  i s  the  refractive  i ndex at 587, 6  nm  (spectral  em iss ion  l i ne  of he l i um);  

nF  i s  the  refractive  i ndex at 480, 0  nm  (spectral  em iss ion  l i ne  of cadm ium);  

nC  i s  the  refracti ve  i ndex at 643, 8  nm  (spectral  em iss ion  l i ne  of cadm ium).  

5. 2. 3.2  Setu p  of experim en t 

I SO 489  does  not expl i ci tl y describe  the  measurement of n  at  wavelengths  other than  at  

589  nm .  Use  an  Abbe refractometer as  described  i n  the  instructions  on  "Refractive  i ndex nD  of 
CPV primary l ens  materia ls" ,  wh ich  requ i res  an  Abbe refractometer accurate  to  0 , 001  
equ ipped  wi th  a  temperature-control l i ng  device  for the  specimens  and  prisms,  set up  i n  an  
envi ronment main ta ined  at (23  ±  2)  °C  and  (50  ±  5)  %  re lati ve  hum id i ty.  The  i nstrument shal l  
provide  monochromatic or nearl y monochromatic  i l l um ination  of the  specimen  wi th  a  spectral  
d istribu tion  centered  at  one  of the  wavelengths  shown  above.  

Th is  may be  accompl ished ,  for example ,  by fi l tering  a  wh i te  l i gh t source  wi th  i nd ividual  
bandpass  i n terference fi l ters  or wi th  a  tunable  fi l ter,  or by the  use  of spectra l  l amps.  

5. 2. 3.3  Procedu re  

Fol low the  procedure  i n  the  i nstructions  on  "Refractive  i ndex nD  of CPV primary lens  

materia ls".  Determ ine  the  three  refractive  i nd ices  necessary for the  parti cu lar Abbe number 
chosen,  fo l lowing  any fu rther appl icable  d i rections  provided  by the  i nstrument manufacturer,  
at  (23  ±  0 , 5)  °C  for a  set  of 5  specimens.  Calcu late  the  Abbe  number for each  specimen .  

I n  add i tion ,  the  Abbe number may be  determ ined  at (50  ±  0 , 5)  °C  specimen  temperature  for a  
second  set of 5  specimens.  

5. 2. 3.4  Presen tati on  of resu l ts  

Express  average  Abbe  number νD ,  νd  or νe  at  23  °C  wi thout  any decimal  p laces.  
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5. 2. 4  Refractive  i n dex nD  of CPV pri mary l en s  m aterials  

5. 2. 4.1  Defin i tion s  

The refractive  i ndex n  o f a  materia l  describes  how fast l i gh t travels  through  that material .  
n  =  c/v,  where  c  i s  the  speed  of l i ght i n  vacuum  and  v i s  the  speed  of l i gh t i n  the  material .  I n  

general  n  d epends  on  the  wavelength  λ ,  and  the  temperature  T and  moisture  state  of the  
materia l .   

5. 2. 4.2  Param eters  an d  u n i ts   

Th is  procedure  describes  the  refractive  i ndex at 589  nm  on l y.  

5. 2. 4.3  Setu p  of experim en t 

Use I SO  489  method  A,  wh ich  requ i res  an  Abbe refractometer accurate  to  0 , 001  equ ipped  
wi th  a  temperature-control l i ng  device  for the  specimens  and  prisms,  set up  in  an  envi ronment 
main tained  at (23  ±  2)  °C  and  (50  ±  5)  %  re lative  hum id i ty.  

5. 2. 4. 4  Procedu re  

Fol low I SO  489: 1 999  method  A / transm ission  or reflection  mode  procedure  (6. 1 . 1  and   6 . 1 . 4) .  
Recommended  specimen  s i ze  for sheet specimens  i s  8  mm  ×  20  mm  wi th  a  th ickness  of 3  mm  
to  5  mm.  Prepare  2  sets  of 5  specimens  each .  A contacti ng  l iqu id  wi th  a  h igher refracti ve  
i ndex than  the  specimen  is  used  to  establ ish  close  contact between  the  specimen  and  the  
prism  (3. 1 . 3) .  

Rectangu lar prism -shaped  specimens  may be  cu t  from  lenses.  Measure  refractive  index on  
flat su rface  facing  the  Sun  or,  i f necessary,  on  Fresnel  s tructure  su rface  after removal  of the  
Fresnel  structure.  Any other adequate  preparation  techn ique  may be  employed  that  renders  
specimens  wi th  a  flat surface  to  be  coupled  to  the  fixed  hal f of the  refractometer prisms.  I n  the  
case  of s i l i cone-on-g lass  lenses,  i t  may be  practical  to  prepare  separate  g lass  and  s i l i cone 
specimens  from  their respective  raw materia ls.  

Standard  cond i tion ing  of specimens  shal l  be  done  for at l east 88  h  at  (23  ±  2)  °C  and  at  
(50  ±  5)  %  re lati ve  hum id i ty before  the  measurement.  

Carry ou t the  measurement at (23  ±  0 , 5)  °C  for the  fi rst  set  of 5  specimens.  

Carry ou t the  measurement at (50  ±  0 , 5)  °C  for the  second  set of 5  specimens.   

Assum ing  l i near behaviour,  the  temperature-dependence of the  index of refraction  may be  
calcu lated  between  the  two  temperatures.  I n  add i ti on ,  the  measurement may be  carried  ou t  at  
more  than  two  temperatures.  I f the  refracti ve  index i s  known  to  be  sens i ti ve  to  hum id i ty,  the  
l ens  suppl ier may decide  to  prepare  a  th i rd  set of 5  specimens  that are  cond i tioned  by 
submers ing  them  in  water at 23  °C  at least unti l  constan t weight i s  reached .  Perform  
measurements  of refracti ve  i ndex immed iatel y after removing  specimens  from  the  water and  
drying  them  wi th  a  non-abras ive  optic  clean ing  tissue.   

5. 2. 4.5  Presen tati on  of resu l ts  

Express  average  refracti ve  index values  nD
23  (23  °C)  and  nD

50  (50  °C)  to  three  decimal  

p laces.  
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5. 3  Focu sin g  ch aracteri sti cs:  Focal  len gth ,  len s  efficien cy,  focal  spot si ze  an d  
u n iform ity 

5. 3. 1  Prel i mi n ari es  

A round  robin  s tudy was  conducted  to  a l low for the  assessment of the  accuracy and  su i tabi l i ty 
of avai lab le  Methods  to  measure  the  focus ing  characteristics  focal  l ength ,  l ens  efficiency,  
focal  spot s ize  and  un i form i ty of Fresnel  l enses.  Sets  of Fresnel  l enses  i n  the  materia ls  PMMA 
and  s i l icone-on-g lass  were  i ndustria l l y produced  wi th  a  tool  des igned  for ne i ther SOG  nor 
PMMA,  sent to  l aboratories,  and  measured  accord ing  to  the  method  avai l able  there.  The  
resu l ts  were  compared  and  found  to  be  wi th in  acceptable  to lerance brackets.  Any of the  
methods  developed  by the  laboratories  may be  fol lowed .  Table  7  l i sts  the  methods  and  
resu l ts.  

Wavelength  ranges  mentioned  i n  th is  subclause  are  re lated  to  the  instruments  that have  been  
used  i n  these  methods.  
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Table  7  – M eth od s  an d  resu l ts  of th e  rou n d  robin  for th e  focal  ch aracteri stics  of Fresn el  l en ses  

Laboratory 
m e th od  

Focal  s pot  s i ze   Focal  s pot  
d i s tan ce  

 Len s  effi ci en cy   M eth od     

 S OG  PM M A  S O G  PM M A  S OG  PM M A Accu racy Re prod u ci b i l i ty 
(sam e  d ay  

s eri es/  d i fferen t  
d a ys  wi th  

recal i brati on )  

Tem peratu re  I n s tru m en t  
type  

Wavel en g th  S ou rce  
type  

Col l i m ati on  
h al f-an gl e  of 

s ou rce  

Date  

 Rad i u s  
mm  

 mm   %    °C  nm  °   

A 1 , 53  1 , 07   1 04 , 5  83 , 0   83, 2  8 1 , 2    25  
Spectrorad i ometer 
+  d i apraghm  

300  to  1  600  
Xenon  
l amp  0 , 458   

B  1 , 1 8  0 , 96  ±  2 , 6  %  1 05 , 9  86 , 1  ±  0 , 2  82 , 9  83 , 6  ±  2  %  ±  0 , 2  %  /   27 , 5  
CCD  camera  +  
so l ar cel l  

400  to  730  
Xenon  
fl ash  0 , 270   

B  1 , 27  0 , 98  ±  2 , 6  %  1 06 , 5  86 , 4  ±  0 , 2  8 1 , 4  82 , 6  ±  2  %  ±  0 , 2  %  /   25  
CCD  camera  +  
so l ar cel l  

730  to  1  040  
Xenon  
fl ash  0 , 270   

C  0 , 93  0 , 53  ±  2 , 5  %  1 03 , 3  84 , 1  ±  0 , 2  82 , 1  81 , 4  ±  2  %  ±  0 , 2  %  /  ±  1 , 0  %  26 , 8  CCD  camera  622  LED    

C  0 , 74  0 , 55  ±  2 , 5  %  1 06 , 4  84 , 0  ±  0 , 3  82 , 5  81 , 4    49 , 1  CCD  camera  622  LED    
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5. 3. 2  M eth od  A 

5. 3. 2 .1  Gen eral  

Th is  second  method  characterizes  the  l i gh t d istribu tion ,  spatia l  and  spectral l y,  at the  focal  
spot us ing  a  col l imated  Xe  l amp,  a  spectrorad iometer and  several  apertures  attached  to  i ts  
head .  Th is  method  provides  the  i n tercept rad ius  and  the  optical  efficiency (as  described  
before)  together wi th  the  spatia l  d is tribu tion  of the  spectral  i rrad iance  at the  focal  spot.  

5. 3. 2 .2  Apparatu s  

5. 3. 2 .2 . 1  Gen eral  

The complete  setup  i s  composed  of a  l i ght source,  the  sample  holder,  apertures,  and  the  
detector.  The  components  shal l  be  fixed  i n  a  manner that ensures  thei r proper a l i gnment,  
mechan ica l  s tabi l i ty and  repeatabi l i ty.  

5. 3. 2 .2 . 2  Ligh t  sou rce  

The l i ght source  is  a  col l imated  Xe  lamp.  The  spectral  and  power d istribu tion  of the  Xe  l i ght  
on  the  entrance  aperture  shal l  be  un i form .  

5. 3. 2 .2 . 3  Sample  h old er 

The sample  holder al l ows  the  CPV primary optical  component under study to  be  posi tioned  
perpend icu larl y towards  the  i ncident l i gh t beam.  To  th is  end ,  i t  provides  the  requ ired  
trans lational  and  ti l t  movements .  The  sample  holder i s  attached  to  a  breadboard  where  the  
detector head  and  other requ i red  components  are  a lso  fixed .  I n  th is  way,  the  mechan ical  
stabi l i ty and  repeatabi l i ty of the  measurements  is  faci l i tated .  

5. 3. 2 .2 . 4  Apertu res  

For the  determ ination  of the  i n tercept rad ius ,  a  d iaphragm  wi th  a  variab le  aperture  d iameter 
rang ing  from  1  mm  to  1 1  mm  is  used .  On  the  other hand ,  and  wi th  the  purpose  of s tudying  the  
spatia l  d is tribution  of the  l i gh t at  the  focal  spot,  the  l i gh t i rrad iance  i s  mapped  us ing  a  p i nhole  
of a  fixed  aperture  s i ze.  S ince  CPV primary optical  componen ts  m ight have  very d i fferent 
focal  spot s i zes,  the  p i nhole  s ize  wou ld  need  to  be  adapted  for each  component under study.  

5. 3. 2 .2 . 5  Detector 

The detector i s  a  cal i brated  spectrorad iometer,  cons isting  of a  head  (a lso  known  as  optical  
probe),  and  the  spectrorad iometer.  The  head ,  wh ich  shou ld  ensure  a  good  cos ine  correction  
(such  as  an  i n tegrati ng  sphere)  i s  responsible  for coupl i ng  the  l i ght i n to  the  
spectrorad iometer.  Th is  head  i s  connected  to  the  spectrorad iometer by means  of a  b i furcated  
fibre.  The  detector,  whose  spectra l  range  goes  from  300  nm  to  1  600  nm ,  may be  composed  
of two CCD arrays,  for example  one  based  on  S i ,  for the  spectra l  range  from  200  nm  to  
850  nm ,  and  another one  for the  800  nm  to  1  650  nm  spectral  range  made of I nGaAs.  Al l  the  
measurements  are  carried  ou t  us ing  th is  detector.  

5. 3. 2 .3  Test specim en s  

Specimens  used  for the  purpose  of datasheet reporting  shal l  be  maintained  at (23  ±  2)  °C,  
(50  ±  5)  %  re lative  hum id i ty for at  l east 24  h ,  as  recommended  i n  I SO  291 ,  prior to  optical  
measurement.  
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5. 3. 2 .4  M easu rem en t proced u re  

5. 3. 2 .4.1  Speci m en  preparati on  

Prior to  measurement,  specimens  shou ld  be  free  of dust,  g rease,  or other contam inants .  The  
specimens  and  i nstrument shou ld  be  i n  thermal  equ i l i brium  prior to  measurement.  

The  temperature  of the  test specimen  shal l  be  homogeneous  over the  entrance  aperture  
wi th in  ±  2  K.  The  temperature  of the  test specimen  shal l  not vary by more  than  2  K during  the  
data  acqu is i ti on  time of a  measurement.  The  temperature  shal l  be  measured  wi th  a  precision  
of ±  1  K and  shal l  not deviate  more  than  1  K from  the  temperature  of the  test specimen .  

5. 3. 2 . 4.2  Determ in ation  of th e  focal  d i stan ce  an d  th e  in tercept  rad iu s  

a)  The  sample  to  be  measured  shal l  be  p laced  i n  the  holder,  and  pos i tioned  perpend icu larl y 
to  the  i nciden t l i gh t.  The  d istance  between  the  sample  and  the  detector head  shou ld  be  
close  to  the  expected  focal  d istance.  The  detector head  and  aperture  (attached  to  i t)  
shou ld  a lso  be  a l i gned  perpend icu larl y to  the  i nciden t l i gh t.  

b)  The  d iaphragm  aperture  s ize  shal l  be  chosen  to  be  smal ler than  the  tota l  spot s i ze.  Wi th  
the  d iaphragm  aperture  attached  to  the  detector head ,  the  detector head  i s  moved  in  x,  y,  
and  z  d i rections  un ti l  the  rad iant fl ux  (spectral  fl ux i n tegrated  from  300  nm  to  1  600  nm)  is  

maxim ized .  The  pos i ti on  for wh ich  the  rad iant  fl ux is  maxim ized  i s  des ignated  to  be  the  
focal  poin t,  and  the  d istance  from  th is  poin t  to  the  sample  is  the  focal  d istance.  

c)  Once  be ing  l ocated  at th is  focal  poin t,  the  d iaphragm  shal l  be  opened  and  the  spectral  fl ux 
from  300  nm  to  1  600  nm  shal l  be  measured  for d i fferent  d iaphragm  aperture  s i zes.  
Previous l y,  a  spectrum  i n  dark cond i ti on  ( i . e .  wi th  the  source  deactivated)  shal l  have  been  
measured ,  and  then  au tomatical l y subtracted  from  the  measured  data.  For each  aperture  
s i ze,  the  rad iant fl ux,  obta ined  as  the  spectral  fl ux i n tegrated  from  300  nm  to  1  600  nm ,  
shal l  be  ca lcu lated ,  and  from  the  representation  of th is  rad ian t fl ux versus  the  d iaphragm  
aperture  rad ius,  the  i n tercept rad ius  shal l  be  determ ined .  

5. 3. 2 . 4.3  Determ in ation  of th e  optical  effi ci en cy 

The spectral  flux from  300  nm  to  1  600  nm  is  measured  on  the  en trance  aperture  of the  CPV 
primary optics  us ing  the  detector head  free  of apertures.  From  the  i n tegration  of these  data ,  
the  rad iant  fl ux is  obtained .  Then ,  the  optical  efficiency i s  calcu lated  as  the  ratio  of the  rad iant 
fl ux wi th in  the  i n tercept rad ius  to  the  rad ian t fl ux on  the  en trance  aperture  of the  primary 
optics,  expressed  as  a  percentage  value.  

5. 3. 2 .4. 4  Determ in ation  of th e  i rradi an ce maps  

With  the  purpose  of studying  the  spatia l  d istribution  of the  spectral  i rrad iance  at the  focal  
spot,  the  l i gh t i s  mapped  us ing  a  p inhole  wi th  a  defined  aperture.  Th is  p inhole  is  moved  a  
d istance  (wh ich  depends  on  the  focal  spot s i ze  and  the  pi nhole  aperture  s ize)  wi th  a  
determ ined  step  in  x  and  y  d i rections.  S ince  CPV primary optics  m ight  have  very d i fferen t 
focus ing  characteristics,  both  p inhole  aperture  s i ze  and  step  wou ld  need  to  be  adapted  for 
each  component under study.  For each  pos i tion ,  the  spectral  i rrad iance  from  300  nm  to  
1  600  nm  is  detected .  The  spatia l  d istribu tion  of the  i rrad iance  in tegrated  for d i fferen t spectra l  
ranges  that correspond  to  the  absorption  reg ions  of the  materia ls  that form  a  mu l ti - j unction  
solar ce l l  can  be  calcu lated  and  p lotted .  

5. 3. 3  M eth od  B  

5. 3. 3. 1  Apparatu s  

5. 3. 3.1 . 1  Gen eral  

The test i nstrument shal l  i ncl ude  a  l igh t source,  a  sample  holder,  and  a  detector un i t.  
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5. 3. 3.1 .2  Lig h t  sou rce  

A col l imated  beam  solar s imu lator shal l  be  used  to  i l l um inate  the  optics  aperture.  The  solar 
s imu lator shou ld  be  classi fi ed  as  cl ass  A for the  category spatia l  non-un i form i ty described  i n  
I EC 60904-9-1  [5] .  

The  col l imation  ang le  as  defined  i n  I EC 60904-9-1  shou ld  be  (4, 65  ±  0 , 05)  mrad .  The  
col l imation  ang le  i s  defi ned  as  the  angu lar rad ius,  wi th  respect to  a  vector normal  to  the  test 
p lane,  conta in ing  90  %  of a l l  i ncom ing  l i gh t fl ux.  

5. 3. 3.1 .3  Sampl e  h old er 

The sample  holder shal l  support the  sample  in  a  way that ensures  that the  sample  does  not  
move or vibrate  during  measurement.  I t  shal l  pos i ti on  the  sample  i n  the  homogeneous  l ight  
beam  of the  l i gh t source  wi th  i ts  optical  axis  a l i gned  to  the  d i rection  of the  l i gh t beam.  The  
m isal ignment of the  opti cal  axis  of the  sample  to  the  d i rection  of the  l i gh t beam  shal l  not 
exceed  1  mrad .  No  non-transparent part of the  sample  holder or any edge  of a  transparen t 
part may be  i n  front of the  entrance  aperture  (b locking  the  d i rect l i ght beam)  or cl oser than  
1  mm  to  the  en trance  aperture  of the  sample.  No  part of the  sample  holder shal l  be  closer 
than  1  mm  to  the  l i gh t path  between  the  entrance  apertu re  and  the  detector.  Care  shal l  be  
taken  so  that no  stray l i gh t from  any parts  of the  sample  holder can  reach  the  entrance  
aperture  of the  sample  or the  detector.  

The  sample  holder may a lso  i nclude  equ ipment to  ad j ust the  temperature  the  sample.  

5. 3. 3.1 . 4  Detector 

This  test method  requ i res  one  or several  of the  fol l owing  detectors:  transl ucent Lambertian  
d i ffusing  surface,  d i g i ta l  camera,  cal ibrated  solar cel l .  

5. 3. 3.1 . 5  Dig i tal  cam era  an d  tran slu cen t Lamberti an  d i ffu si n g  su rface   

The d ig i ta l  camera  (CCD  or CMOS)  i s  used  to  determ ine  the  d istribution  of rad iant fl ux on  the  
target area.  The  target area  shal l  be  a  th i n  translucent Lambertian  d i ffus ing  surface  where  the  
d ig i ta l  camera  is  imaged .  Spectral  fi l ters  may be  added  to  the  d i g i ta l  camera  to  mod i fy i ts  
spectral  response.  I f the  d ig i ta l  camera  sensor i s  l arge  enough ,  the  sensor can  act as  the  
target area  and  the  primary optics  can  be  d i rectl y focused  on  the  sensor.  To  fu l fi l  th is  
cond i ti on ,  a  ci rcle  whose  rad ius  is  twice  as  large  as  the  i n tercept rad ius  shal l  be  able  to  be  
i nscribed  i n  the  d ig i tal  camera  sensor.  

Regard ing  adequate  use  of a  d ig i ta l  camera,  i f the  p ixel  wi th  the  h i ghest recorded  va lue  is  
equal  to  the  fu l l -scale  va lue  of the  CCD device  or l ess  than  hal f the  fu l l -scale  value  of the  
CCD device,  neu tral  densi ty fi l ters  shou ld  be  added  or the  camera  i n tegration  time shou ld  be  
ad j usted  and  the  measurement shal l  be  repeated .  

The  p ixel  wi th  the  l owest  recorded  value  shal l  be  l ess  than  0 , 5  %  of the  value  of the  p ixel  wi th  
the  h ighest recorded  value.  I f the  l evel  of no ise  is  greater than  0 , 5  %,  then  the  neu tra l  dens i ty 
fi l ters ,  camera  in tegrati on  time,  or other aspects  of the  measurement setup  up  shal l  be  
ad j usted  and  the  measurement shal l  be  repeated .  

5. 3. 3. 1 .6  Cal i brated  sol ar cel l  

The ca l i brated  solar ce l l  i s  used  to  determ ine  the  tota l  i rrad iance  at the  aperture  entrance  of 
the  optics  as  wel l  as  the  i rrad iance  at  the  focal  p lane.  

The  cal ibrated  solar cel l  acts  as  the  target area.  A ci rcle  whose  rad ius  i s  twice  as  l arge  as  the  
i n tercept rad ius  shal l  be  able  to  be  i nscribed  in  the  acti ve  area  of the  solar ce l l .  

I t  i s  the  responsibi l i ty of the  user to  ensure  the  l i neari ty of the  reference  cel l .  
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5. 3. 3.2  Test speci m en s  – Precon diti on i n g  of speci m en s  

Specimens  used  for the  purpose  of datasheet reporting  shal l  be  mainta ined  at (23  ±  2)  °C,  
(50  ±  5)  %  re lative  hum id i ty for at l east 24  h ,  as  recommended  i n  I SO  291 ,  prior to  optical  
measurement.  

5. 3. 3.3  M easu rem en t proced u re  

5. 3. 3.3. 1  Specim en  preparati on  

Prior to  measurement,  specimens  shou ld  be  free  of dust,  g rease,  or other contam inants .  The  
specimens  and  i nstrument shou ld  be  i n  thermal  equ i l i brium  prior to  measurement.  

The  temperature  of the  test specimen  shal l  be  homogeneous  over the  entrance  aperture  
wi th in  ±  2  K.  The  temperature  of the  test specimen  shal l  not vary by more  than  2  K during  the  
data  acqu is i tion  time of a  measurement.  The  temperature  shal l  be  measured  wi th  a  precis ion  
of ±  1  K and  shal l  not deviate  more  than  1  K from  the  temperature  of the  test specimen .  

5. 3. 3.3.2  Determ i n ati on  of th e  in tercept rad i u s  an d  th e focal  d i stan ce   

The measurement procedure  comprises  the  fol l owing  s teps:  

a)  The  sample  to  be  measured  shal l  be  p laced  i n  the  holder,  the  primary optics  shal l  be  
a l i gned  wi th  the  i nciden t l igh t and  the  optica l  axis  shal l  be  perpend icu lar to  the  translucen t 
Lambertian  d i ffus ing  surface.  The  d istance  between  the  primary optics  and  the  trans lucent  
Lambertian  d i ffus ing  surface  shal l  be  close  to  the  expected  focal  d is tance.  

b)  The  d i g i ta l  camera  shal l  be  focused  on  the  translucent  Lambertian  d i ffusing  surface.  I f  
spectral  fi l ters  are  used  to  mod i fy the  spectra l  response of the  d ig i ta l  camera,  they shal l  
be  placed  between  the  d i g i ta l  camera  and  the  translucent  Lambertian  d i ffus ing  surface.   

c)  The  i rrad iance  d istribution  over the  trans lucent  Lambertian  d i ffus ing  surface  shal l  be  
photographed  wi th  the  d i g i ta l  camera.   

d )  The  cen troid  of the  photographed  i rrad iance  d istribution  shal l  be  ca lcu lated .  U sing  the  
cen troid  as  ori g in ,  the  enci rcled  energy g raph  shal l  be  calcu lated .  The  i n tercept rad ius,  as  
defined  i n  3 . 3 ,  sha l l  be  calcu lated .  

e)  The  d istance  between  the  primary optics  and  the  target area  shal l  be  mod i fied  and  s teps  
b),  c)  and  d )  sha l l  be  repeated .  I t  i s  recommended  to  change  the  d istance  between  the  
primary optics  and  the  target area  i n  i ncrementa l  d isp lacements  of 0 , 5  %  of the  expected  
focal  d istance.   

f)  The  focal  d istance,  as  defined  i n  3 . 9 ,  shal l  be  calcu lated .  The  encircled  energy and  the 
i n tercept rad ius  at the  focal  d istance  shal l  be  determ ined .   

5. 3. 3. 3.3  Determ in ation  of th e  optical  effi ci en cy 

The measurement procedure  comprises  the  fo l l owing  steps:  

a)  The  en trance  aperture,  as  defined  in  3 . 1 ,  shal l  be  measured .   

b)  The  sample  to  be  measured  shal l  be  p laced  i n  the  holder,  the  primary optics  shal l  be  
a l i gned  wi th  the  inciden t l i gh t.   

c)  The  ca l ibrated  solar ce l l  shal l  be  p laced  close  to  the  primary optics  en trance  aperture  to  
determ ine  the  rad iant flux on  the  en trance  apertu re.  The  acti ve  surface  of the  cal ibrated  
solar cel l  shal l  be  p laced  para l l e l  to  the  entrance  aperture.  The  cal ibrated  solar cel l  shal l  
be  p laced  i n to  a  col l imating  tube  to  ensure  that on l y d i rect  i rrad iance  reaches  the  
cal i brated  solar ce l l .  The  short-ci rcu i t  current  of the  cal ibrated  solar cel l  shal l  be  
measured ,  and  the  ca l ibration  va lue  shal l  be  used  to  calcu late  the  rad ian t fl ux on  the  
en trance  aperture  of the  primary optics.   

d )  The  cal ibrated  solar ce l l  sha l l  be  p laced  at the  lens  focal  p lane.  The  cal ibrated  solar cel l  
acts  as  target area.  The  ca l i brated  solar cel l  su rface  shal l  be  perpend icu lar to  the  primary 
optical  axis .  The  d istance  between  the  primary optics  and  the  cal i brated  solar cel l  shal l  be  
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cl ose  to  the  expected  focal  d istance.  The  short-ci rcu i t  current of the  cal ibrated  solar cel l  
shal l  be  measured ,  and  the  cal i bration  value  shal l  be  used  to  calcu late  the  rad ian t fl ux on  
the  target area.  The  optical  efficiency,  as  defined  i n  3. 4,  sha l l  be  ca lcu lated .  I f two  
equ ivalent ca l i brated  solar cel ls  are  avai l able,  steps  c)  and  d )  can  be  performed  
s imu l taneousl y p lacing  one  of the  ca l i brated  solar cel l s  near the  en trance  apertu re  of the  
optics  and  using  the  other cal ibrated  sol ar ce l l  as  the  target area.  Two cal i brated  solar 
ce l l s  are  equ iva lent when  both  have  the  same spectral  response.  

e)  The  d istance  between  the  primary optics  and  the  target area  shal l  be  mod i fied  and  step  d )  
shal l  be  repeated .  The  optical  efficiency shal l  be  determ ined  as  the  mean  of the  optica l  
efficiency va lues  for the  posi tions  where  the  opti ca l  efficiency i s  h igher than  98  %  of the  
maximum  calcu lated  value.  I t  i s  recommended  to  change  the  d istance  between  the  
primary optics  and  the  target area  i n  i ncremental  d isp lacements  of 0 , 5  %  of the  expected  
focal  d istance.   

5. 3. 3.4  Calcu l ati on  an d  expression  of resu l ts  

5. 3. 3.4. 1  Cal cu l ati on  of th e  optical  effi ci en cy 

The  optica l  efficiency may be  calcu lated  wi th  Formu la  (8) :  
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where  

ηop   refers  to  the  optical  efficiency (%);   

Pout   i s  the  rad ian t flux (W)  on  the  target  area  wi th in  the  i n tercept rad ius ;   

Pi n    i s  the  rad ian t fl ux  (W)  over the  en trance  aperture.   

The optical  efficiency can  be  expressed  in  terms  of Gi n  the  average  i rrad iance  at the  en trance  
aperture  (W/m 2) ;  Gout  the  ou tput i rrad iance  at the  target area  (W/m 2) ,  and  Xgeo  the  geometric  
concentration .  The  geometric concentration  i s  defi ned  as  the  ratio  of the  en trance  aperture  A i n  
to  the  target  area  Aout .   

5. 3. 4  M eth od  C  

5. 3. 4. 1  G en eral  

This  th i rd  method  characterizes  the  spatial  l i ght  d is tribution  at  the  focal  spot us ing  a  
col l imated  narrow bandwid th  (e. g .  red ,  (622  ±  7)  nm)  LED  and  a  h igh l y l i near scien ti fic  CCD  
camera  ch ip  wi thout a  camera  lens .  Th is  method  provides  the  i n tercept rad ius  and  the  optica l  
efficiency together wi th  the  spatia l  d istribu tion  of the  narrow bandwid th  LED  i rrad iance  at the  
focal  spot.  Th is  enables  the  qual i fication  of concentrator l enses  i n  terms  of optical  
performance and  the  determ ination  of poss ib le  errors  of the  manufacturing  process  and  thei r 
consequences  on  performance.  

5. 3. 4.2  Apparatu s  

5. 3. 4. 2 .1  G en eral  

The complete  setup  is  composed  of a  l i gh t source,  the  sample  holder,  apertures,  and  the  
detector.  The  componen ts  shal l  be  fixed  i n  a  manner that ensures  the ir proper a l i gnment,  
mechan ical  s tabi l i ty and  repeatabi l i ty.  

The  setup  is  des igned  to  hold  lens  panels  of d i fferen t s izes .  The  panels  are  moved  on  a  
s l id ing  carriage  a long  two l inear axes  between  l i gh t source  and  detector un i t.  The  detector 
un i t may be  fixed  or a lso  moved  on  (optional l y motorized)  XYZ precis ion  l i near stages.  
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5. 3. 4.2 .2  Lig h t  sou rce  

The l i gh t source  consists  of a  narrow bandwid th(s)  (e . g .  red  or a  mu l ticolour)  LED  wh ich  
i l l um inates  a  ci rcu lar aperture.  The  wid th  of the  aperture  and  the  focal  l eng th  of the  
success ive  col l imating  optics  define  the  angu lar d i vergence  of the  l i gh t  i n  test.  Th is  
d ivergence shou ld  be  (4 , 65  ±  0 , 05)  m rad ,  wh ich  equals  the  angu lar d i vergence  of the  Sun .  
Using  LEDs  a l lows  a  narrow bandwid th  i l l um ination .  An  aspheric  l ens  for a  s i ng le  
monochromatic LED  i l l um ination  or an  achromat l ens  for mu l ti  LED  i l l um ination  is  i l l um inated  
by the  aperture  and  creates  the  col l imated  beam  as  i ncident l i ght on  the  lens  panel .  The  
spatia l  i rrad iation  at sample  level  shou ld  not  change more  than  2  %  across  the  sample’s  
aperture  i n  test.  I t  i s  recommended  to  measure  th is  la teral  i rrad iation  d istribution  to  
post-correct the  measured  s ignals  i n  numerical  anal ysis .  The  time stabi l i ty of the  l i gh t source  
i n tens i ty shou ld  be  better than  0 , 1  %/h ,  wh ich  d i rectl y affects  the  reproducibi l i ty of success ive  
measurements ’  resu l ts .  

5. 3. 4. 2 . 3  Sample  h ol d er 

The sample  holder a l lows  the  lens  panel ’s  moving  on  a  s l id i ng  carriage  a long  two  l i near axes  
between  l i gh t source  and  detector un i t.  The  sample  does  not move  or vibrate  during  
measurement and  i t  i s  importan t that the  holder i s  pos i ti oned  perpend icu larl y (±2, 5  m rad)  
towards  the  i nciden t l i gh t  beam.  The  holder shou ld  be  mat b lack to  m in im ize  s tray l i gh t.  

5. 3. 4. 2 .4  Apertu res  

For the  investigation  of partia l  areas  of a  sample  specimen,  add i ti onal  apertures  may be  
appl ied  to  l im i t  the  i l l um inated  area  of the  specimen .  I f apertures  define  partia l  areas  of the  
specimen ,  th is  shou ld  be  reported  wi th  a l l  subsequent resu l ts  by speci fying  the  s ize  and  
pos i tion  of the  aperture.  

5. 3. 4. 2 .5  Detector u n i t  

The detector i s  a  h i gh l y l i near and  wel l -speci fied  scienti fic-grade  monochrome CCD camera  
wi th  a  1 4-b i t  d ynam ic range,  wi thou t a  camera  lens  and  is  to  be  ca l i brated  prior to  
measurement ( i n  house).  The  ch ip  has  a  very low i ncidence angu lar dependence  
(90  %  at 30° )  and  a  h i gh  resolu tion .  The  camera  ch ip  is  based  on  S i  technology and  i s  
appropriate  for a l l  l i gh t sources  between  the  spectral  ranges  from  250  nm  through  950  nm .  
Principa l l y,  the  detector s ize  l im i ts  the  maximum  detectable  i n tercept rad ius.  Wi th  the  
aforementioned  precis ion  stages,  a  s ti tch ing  of the  measurement s ignal  i s  poss ib le.  

5. 3. 4.3  M easu rem en t proced u re  

5. 3. 4.3.1  Speci m en  preparati on  

Prior to  measurement at  room  temperature,  the  specimens  shou ld  be  clean  and  at the  same 
temperature  l i ke  the  l aboratory.  For measurements  at specimen  temperatures  deviati ng  from  
room  temperature  (e. g .  measurement of heated  specimen) ,  the  desi red  temperature  of the  
test specimen  shou ld  be  homogeneous  ±2  K across  the  en ti re  en trance  aperture  measured .  
The  l i gh t source  and  the  camera  shou ld  be  i n  a  s teady state  and  in  thermal  equ i l i brium .  

5. 3. 4.3. 2  Determ in ation  of th e  focal  d i stan ce  an d  th e  i n tercept  rad iu s  

a)  The  quanti tati ve  anal ys is  of the  CCD s ignal  i s  performed  by referencing  to  a  measurement 
wi thout a  sample,  wh ich  i s  recorded  immed iate l y before  the  sample  measurement.   

b)  The  primary optics  to  be  measured  i s  p l aced  i n  the  holder,  posi ti oned  and  a l i gned  
perpend icu larl y to  the  i ncident  l i ght  source.   

c)  To  avoid  l arge  d i fferences  i n  exposure  time between  sample  and  reference  measurement,  
the  l i gh t sou rce  i s  d immed  au tomatical l y us ing  neu tral  densi ty fi l ters  during  measurement 
of the  sample  l enses.  The  attenuation  of the  fi l ter i n  the  l i gh t source  i s  ca l i brated  
external l y i n  a  measurement of the  l i gh t source  wi th  and  wi thout fi l ter.  
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d )  The  resu l ti ng  CCD s ignal  of a  primary optics  measurement i s  anal ysed  wi th  respect to  the  
d imension  of the  focus  and  the  i n tegra l  va lue  over a  target area  is  ca lcu lated .  The  target 
area  is  a  p lane  area  of s imple  geometric shape  (e. g .  square,  rectangu lar,  round)  that i s  
l ocated  in  proxim i ty of the  focal  spot of the  primary concentrator optics.  The  target area  i s  
cen tred  on  the  barycentre  (centre  of mass)  of the  focal  spot.  

e)  The  d istance  between  the  primary optics  and  the  target area  shal l  be  mod i fied  
(e. g .  manual l y or au tomatical l y)  and  step  d )  shal l  be  repeated .   

The  CCD s ignal  images  provide  i rrad iance  maps  as  measured  at  the  target p lane.  From  these  
i rrad iance  maps,  the  fol l owing  quanti ties  are  calcu lated  (see  step  d )  above) .  

The  d istance  between  camera  CCD  surface  and  l ens  sample  wi th  the  l owest  i n tercept rad ius  
is  the  identi fi ed  focal  d is tance.  The  focal  d istances  may be  measured  wi th  reference to  the  
p lane  bes ides  the  lens  structure,  wh ich  is  the  support pl ane  for samples  under measurement.  
I n  th is  case,  the  focal  d i stance  between  the  en trance  aperture  (most exterior su rface  of the  
primary optics)  and  target area  i s  equ iva lent to  the  i den ti fi ed  focal  d istance  that m in im izes  the  
i n tercept rad ius  p l us  the  th ickness  of specimen  (e. g .  g l ass  or PMMA).  Wi th  a  report on  
resu l ts,  the  defin i tion  of focal  d is tance  (focal  l ength)  shal l  be  provided  to  avoid  confusion  wi th  
d i fferent  defi n i ti ons.  

For evaluation  of optical  efficiency,  the  target area  is  chosen  accord ing  to  the  procedure  
described  above ( i . e .  ci rcu lar of rad ius  twice  the  i n tercept rad ius) .  Then ,  the  i rrad iance  wi th in  
th is  area  is  dervied  from  the  CCD camera  s ignal  and  referenced  to  the  CCD s ignal  wi thout a  
sample  i n  the  l i ght  path .  

5.3.4.3.3  Test report  

This  subclause  i s  appl icable  for a l l  Methods  A to  C  above.  A report of the  tests  shal l  be  
prepared  by the  test group.  The  report shal l  con ta in  the  detai l  speci fication  for the  specimens.  
Each  certi ficate  or test  report shal l  i ncl ude  at  l east  the  fol lowing  i n formation :  

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  certi fication  or report  and  of each  page;  

d )  name and  address  of cl i ent,  where  appropriate;  

e)  description  and  i denti fication  of the  i tem  tested ,  type  of optics  ( l ens/m irror) ,  the  specimen  
s i ze  ( l ength  and  wid th  or d iameter);  

f)  characterization  and  cond i tion  of the  test i tem,  i nclud ing  the  method  and  deta i l s  of 
specimen  preparation  ( i nclud ing  clean ing  or s im i l ar process ing ,  i f appl icable)  and  
precond i tion ing ;  

g )  date  of receipt  of test i tem  and  date(s)  of test,  where  appropriate;   

h )  i denti fication  of test method  used ,  i nclud ing  a  brief description  of the  measurement setup  
and  i nclud ing  the  waveleng th  and  spectral  wid th  of the  l i gh t used  for measurement as  wel l  
as  the  spectra l  response of the  detector;  

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

j )  any deviations  from ,  add i ti ons  to,  or exclus ions  from ,  the  test method  and  any other 
i n formation  re levant to  a  speci fic test,  such  as  envi ronmental  cond i ti ons;  and  the  
procedure(s)  and  cond i ti on(s)  used  for weathering  and  any precond i tion ing  conducted  
prior to  measurements;   

k)  measurements,  exam inations  and  derived  resu l ts  supported  by tables ,  graphs,  sketches  
and  photographs  as  appropriate,  and  any fa i l u res  observed ;  

l )  the  focal  d istance,  the  optica l  efficiency at focal  d istance,  the  i n tercept rad i us  at focal  
d istance  and  the  maximum  local  concentration  at focal  d istance  of each  optics  that was  
measured ,  incl ud ing  the  wavelengths  and  spectral  wid th  of the  l igh t used  for 
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measurement,  the  geometry and  s i ze  of the  target area,  the  geometric  concentrati on ,  the  
focal  l eng th ,  and  the  temperature  of the  specimen ;  

m )  i f the  specimen  is  a  parquet of optics,  the  parquet efficiency and  the  m in imum  optica l  
efficiency of a l l  optics  i n  the  parquet,  i nclud ing  the  wavelengths  and  spectra l  wid th  of the  
l i gh t used  for measurement,  the  geometry and  s i ze  of the  target area,  the  geometric  
concentration ,  the  d is tance  of the  target area  to  the  en trance  aperture  of the  specimen ,  
and  the  temperature  of the  specimen;  

n )  for at l east one  optics  of each  specimen  measurements  at three  d i fferent temperatures  ( i f 
possib le)  of the  specimen  that d i ffer by at l east 1 0  K from  each  other:  focal  d istance,  
optical  efficiency at focal  d istance,  i n tercept rad ius  at focal  d istance,  for each  temperature  
i nclud ing  the  wavelengths  and  spectral  wid th  of the  l i gh t used  for measurement,  the  
geometry and  s i ze  of the  target area,  the  geometric concentration ,  the  d istance  of the  
target area  to  the  en trance  aperture  of the  specimen ,  and  the  temperature  of the  
specimen .  Temperature-dependent efficiency values  may d i ffer from  the  optimum  value  of 
l ens  efficiency,  focal  spot  s ize  and  un i form i ty;  

o)  for at l east one  optics  of each  specimen :  a  two-d imensional  p l ot of the  l ocal  concentration  
at focal  d is tance  wi th  a  spatia l  resolu tion  of at l east 1 0  %  of the  target area  d iameter ( i f 
round)  or edge  l eng th  ( i f square)  and  supplemental  i n formation  for th i s  p lot  i ncl ud ing  the  
wavelengths  and  spectral  wid th  of the  l i ght  used  for measurement,  the  geometry and  s i ze  
of the  target area,  the  geometric concentration ,  the  focal  d is tance,  and  the  temperature  of 
the  specimen;  

p)  a  s tatement of the  estimated  uncertain ty of the  test resu l ts  (where  re levan t) ; .  

q )  a  s i gnature  and  ti tle ,  or equ ivalent i denti fication  of the  person(s)  accepting  responsibi l i ty 
for the  con ten t of the  certi ficate  or report,  and  the  date  of i ssue;  

r)  where  re levant,  a  s tatement to  the  effect that the  resu l ts  re late  on l y to  the  i tems  tested ;  

s)  a  statement that the  certi ficate  or report shal l  not be  reproduced  except in  fu l l ,  wi thout the  
wri tten  approval  of the  l aboratory.  

6 Mechanics  

6.1  M in imum  rad ius  

The manufacturer shou ld  speci fy the  m in imum  bend ing  rad ius  of the  material  i n  accordance  
wi th  other standards,  e. g .  I EC  62899-201  [6 ] .  

6.2  Surface  hardness  

The methods  to  determ ine  surface  hardness  vary by materia l ,  i ncl ude  Rockwel l  for metals  and  
hard  p lastics  ( I SO  2039-1  [7] ) ,  Shore  for e l astomers  ( I SO  761 9-1  [8 ] ) ;  there  is  a  Penci l  
Hardness  Test for pl asti cs  (ASTM  D3363-05 [9] )  re lated  to  the  test for hardness  of coatings  
I SO 1 51 84  [1 0] .  The  Knoop hardness  for g lass  i s  defined  i n  I SO  9385: 1 990  [1 1 ] .  The  
manufacturer shou ld  g i ve  a  method ,  va lue  and  un i t for the  hardness  of the  materia l  of the  
primary optics .  

6.3  Impact resistance (dynamic)  

6.3. 1  Defin i tions  

The  purpose  of the  ha i l  impact test i s  to  determ ine  whether primary optica l  e lemen ts  ( l enses,  
m i rrors,  l ens  parquets  or m irror parquets)  can  survive  a  hai ls torm .  The  test fo l l ows  1 0. 9  of 
IEC 621 08: 2007  wi th  the  exception  that the  primary optica l  e l ements  are  mounted  to  frames  
and  not bu i l t  i n to  modu les.  The  mounting  may be  of a  generic type  or m im ic a  certa in  modu le  
des ign .  
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6. 3. 2  Setu p  of experi m en ts  

 

Fig u re 2  – Exampl e of a  pri m ary len s  parqu et,  set  u p  for th e  h ai l  i mpact test  

Fol low 1 0 . 9. 2  a)  to  d ) ,  1 0. 9. 2  f)  and  1 0. 9. 2  g )  of I EC 621 08: 2007.  As  long  as  the  ice  ba l l  s i ze  
and  weight requ i rements  i n  1 0. 9. 2a)  and  1 0 . 9. 2f)  of I EC 621 08: 2007  are  satisfied ,  any other 
preparation  method  can  be  appl ied .  I n  that case,  state  the  substi tu te  preparation  method .  

For rectangu lar optical  e lements ,  the  fol lowing  mounting  method  is  recommended .  The  
sample  i s  supported  by a  rectangu lar metal  fixi ng  frame,  faced  wi th  a  rubber or s i l i cone  
gasket.  The  sample  i s  cl amped  to  the  fixing  frame by a  metal  hold ing  frame and  qu ick-release  
togg le  cl amps  a long  a l l  four edges,  set apart by an  appropriate  d is tance  (F igure  2) .  

Mounting  methods  other than  that shown  i n  F igure  2  may be  used ,  i ncl ud ing  us ing  the  CPV 
modu le  or assembly component.  I t  i s  recommended  that the  sample  does  not sh i ft i ts  pos i ti on  
during  impact wi th  respect to  the  frames,  or other means  of moun ting .  Report the  moun ting  
method .  

6. 3. 3  Proced u re  

Fol low 1 0. 9. 3  of I EC  621 08:2007,  except that the  test p iece  cons ists  of the  primary optica l  
e lemen t mounted  as  described  i n  C lause  4 .  

6. 3. 4  Presen tati on  of resu l ts  

Fol low 1 0 . 9. 4  of I EC  621 08: 2007.  Add  a  description  of the  mounting  method  used .  Add  a  
description  of the  preparation  procedure  of the  ice  bal ls ,  i f necessary.  

7 M ateri al s  

The materia l  type  of the  l ens  shal l  be  g i ven ,  reveal i ng  the  chem ical  natu re  wi thou t grade  or 
manufacturer,  d i rections  for assembly (mechan ical l y,  chem ical l y)  shou ld  be  l i sted ,  i ncl ud ing  

IEC  
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Hold ing  frame  

Fixing  frame  
Fresne l  l ens  
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type  and  manufacturing  process ,  materia l  type,  manufacturing  process ,  chem istry,  mass,  
gra in  s i ze,  chem ical  composi ti on ,  permeabi l i ty,  absorpti vi ty,  thermal  expansion ,  moisture  
expansion ,  d urabi l i ty,  UV-absorbants  (optional ) ,  ye l l owness  i ndex (see  a lso  5. 2. 1 . 6 . 3) ,  
accelerators,  non-voluntary compl iance  RoHS,  WEEE,  OH&S,  among  others .  

8 Geometry 

8. 1  G en eral  

This  clause  describes  the  techn ical  d rawing  of the  primary optica l  e lement (POE).  The  
drawing  visual l y supports  an  e lectron ic fi l e  ( i n  STEP format)  con ta in ing  a l l  geometrical  data  of 
the  POE necessary for manufacturing  of the  POE,  i ts  assembly i n to  the  concentrator modu le,  
and  i ts  l ater use.  The  drawing  contains  data  not avai l able  i n  the  e lectron ic fi l e ,  such  as  the  
materia l  of the  POE,  and  tables  of data  and  to lerances.  Whi le  i t  shal l  be  mandatory to  i nclude  
th is  techn ical  d rawing  wi th  every POE,  the  e lectron ic  fi l e  shou ld  accompany the  POE  when  
needed  by the  recipient.  

Fresnel  l enses  and  Fresnel  m i rrors  are  excluded  from  ISO  1 01 1 0-1 9:201 5.  Appropriate  
ad j ustments  are  made  here  i n  response.  

8. 2  Defi n i tion s  

Fol low the  defin i ti ons  g iven  i n  I SO  1 01 1 0-1 9: 201 5,  regard ing  general  surface,  reference  
coord inates  (orthogonal  X,  Y,  Z axes  i n  a  right-hand  system),  surface  form  tolerances,  
cen tering  to lerances,  to lerance speci fications  for surface  imperfections  and  surface  texture,  
except when  the  POE  is  a  Fresnel  l ens .  

The  d imensions  of a  POE can  span  several  orders  of magn i tude.  G lobal  d imensions  are  
concerned  wi th  d imensions  measured  i n  metres  (m ).  The  prism  or segment geometries  are 
concerned  wi th  d imensions  measured  in  m i l l imetres  (mm).  The  su rface  morphology is  
concerned  wi th  d imensions  measured  in  m icrometres  (µm)  and  nanometres  (nm).  

8. 3  Fresn el  l en ses  an d  Fresn el  m i rrors  

Fresnel  l enses  i n  thei r cross-sectional  representation  are  made up  of prisms,  made  of three,  
i ncl i ned  surfaces,  decoupl i ng  l ocal  and  g lobal  su rface  s lopes.  The  prisms  of standard  Fresnel  
l enses  have  two  optical l y active  surfaces  and  one  d raft  surface.  Fresnel  l enses  may make use  
of tota l  i n ternal  reflection  at one  of the  three  su rfaces;  then  a l l  th ree  su rfaces  are  optical l y 
acti ve  surfaces.  The  local  surfaces  ( i . e.  the  prism  surfaces)  may or may not be  flat.  

For Fresnel  l enses,  the  g lobal  surface  facing  the  Sun  i s  often  smooth  and  free  of prism  facets.  
The  g lobal  surface  facing  the  target i s  typica l l y s tepped .  The  g lobal  shape  of the  Fresnel  l ens  
may be  fl at,  though  the  l ens  can  have  any g lobal  shape.  Fresnel  l enses  can  be  l i near cyl i nder 
l enses  (flat or arched),  rotational  lenses  (flat or domed),  toroidal  l enses,  or freeform  lenses.  

Prisms  have  tips,  ad jacent prisms  form  grooves.  There  are  rad i i  associated  wi th  ti ps  and  
grooves.  

Any number of s i ng le  Fresnel  l enses  may be  made  as  or assembled  i n to  Fresnel  l ens  
parquets.  

Fresnel  m i rrors  are  made of stepped  reflector segments .  The  in ten tion  i s ,  j ust as  i n  Fresnel  
l enses,  to  ga in  one  degree  of freedom  in  des ign  by decoupl i ng  local  and  g lobal  surface  
s lopes.  Fresnel  m i rrors  shou ld  be  treated  analogous  to  Fresnel  l enses  in  the  sections  be low.  

8. 4 Presen tati on  of d rawin g  an d  tabl es  

Give  one  drawing  of the  POE.  Fol low I SO 1 01 1 0-1 : 2006  and  I SO  1 01 1 0-1 9: 201 5.  
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I f the  POE is  a  Fresnel  l ens  parquet or Fresnel  l ens ,  one  supporting  d rawing  shou ld  i denti fy 
the  g lobal  d imensions  of the  parquet (F igure  3 ,  i f appl icable),  a  separate  d rawing  shou ld  show 
a  s ing le  Fresnel  l ens  d rawing  i n  top  view (F igure  4)  and  a  separate  d rawing  shou ld  show a  
s ing le  Fresnel  lens  in  s i de  view (Figure  5) ,  a  separate  d rawing  shou ld  show the  detai l  of the  
prisms  and  the ir to lerances  (F igure  6).  

Un less  noted  otherwise,  a l l  d imensions  shal l  be  g i ven  in  m i l l imetres  (mm).  Drawings  are  i n  
accordance  wi th  I SO  1 01 1 0  for the  example  des ign  i n  reference  [1 2]  of the  B ib l iography.  

 

Figu re  3  – Drawin g  of g en eral  d im en si on s  of Fresn el  len s  parq u et  

Note  that the  area  of the  g lass  superstrate  of the  parquet i s  l arger than  the  optical l y active  
surface  area.  Th is  i s  an  example  of a  Fresnel  l ens  parquet made of 1 6  ×  1 2  s ing le  lenses  i n  
s i l i cone-on-g lass  (SOG)  materia ls .  
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Ke y 

Flange  i s  1 5  mm  wide,  d i stance  l ens  centre  to  edge  of parquet i s  40  mm,  i n tra-l ens  d i stances  are  50  mm .  
Tolerances  are  g i ven .  

Figu re 4 – Detai l  X from  Fig u re  3  – F lan g e an d  l en s  of Fresn el  len s  parqu et 

 

Fi gu re  5  – Detai l  Y from  Fig u re  3  – Th i ckn ess  of l en s  su bstrate  (g lass)  
an d  su perstrate  (s i l i con e)  
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Figu re 6  – Detai l  Z  from  Fi g u re  5  – Drawin g  of pri sm  with  ti p  radiu s  Rt  
an d  g roove radiu s  Rg  

Add  one  or more  tables  i n  the  d rawing  for clari fication .  Th is  shou ld  represent the  Tables  g i ven  
i n  th is  document,  i . e.  Table  1  – Product I denti fication ,  Table  2  – Optics,  Table  3  – Mechan ics,  
Table  4  – Materia ls,  Table  5  – Geometry (g lobal  d imensions,  l ens  d imensions,  number of 
l enses,  parquet d imensions,  fl atness,  waviness,  prism  geometry,  des ign  approach ,  facet and  
step  s i ze,  facet shape,  t i p  and  groove  rad i i ,  d raft  ang le,  surface  morphology,  roughness  (Rq  

as  i n  I SO  1 01 1 0-8),  su rface  energy,  as  speci fied  i n  Table  5),  and  Table  6  – visual  
appearance.  L ist  properties  that are  not  read i l y avai lable  from  the  d rawings  above,  and  that  
are  necessary for the  understand ing  of the  manufacturing ,  assembly and  use  of the  POE.  

8. 5  Data  exch an g e  

Al l  POE data  shal l  be  g i ven  as  sol i d  model  i n  STEP format,  i n  accordance wi th  I SO  1 0303-21 .  
Data  for a  parquet and  data  for a  s i ng le  l ens  or m i rror e lemen t may be  g i ven  i n  separate  fi les ;  
the  former may carry g lobal  d imensions  on l y,  the  l atter shal l  have  a l l  geometrical  optical  
i n formation ,  as  created  i n  the  optical  des ign .  Th is  excludes  ti p  and  groove rad i i ,  and  data  that  
cannot be  i ncluded  i n  a  STEP fi le ,  or can  on l y wi th  unreasonable  effort or extreme data  
consumption  be  i ncluded  i n  the  STEP fi le .  

Fol low the  stipu lations  in  I SO  1 01 1 0-1 9:201 5  regard ing  the  data  exchange,  and  data  
reduction ,  to  ensure  correctness  of the  data  transfer.  

9  Vi sual  apprearance  

9. 1  Imperfecti on s,  bl emi sh es  

Imperfections,  b l em ishes  ( I SO 1 01 1 0-7),  such  as  scratches,  bubbles,  and  edge  ch ips  shal l  be  
described  and  reported ,  g i vi ng  a  representati ve  quan ti ty of the  popu lation  of such  
imperfections.  

9. 2  Cl ari ty an d  col ou r 

9. 2. 1  H aze (an d  sch l i eren ;  scorch )  

9. 2. 1 . 1  Defin i ti on s  

Percentage  of transm itted  l i ght,  passing  through  a  specimen ,  wh ich  deviates  from  the  inciden t 
l i gh t by more  than  0, 044  rad  (2, 5° )  by forward  scattering ,  i . e .  the  l i ght  between  2 , 5°  and  90° .  

IEC  
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9. 2. 1 .2  Apparatu s  

The apparatus  shou ld  cons ist of a  stabi l i zed  l ight  source,  an  associated  optica l  system ,  an  
i n tegrati ng  sphere  wi th  ports ,  and  a  photometer compris ing  a  photodetector,  s ignal  processor 
and  d isplay un i t  or recorder.  The  apparatus  shal l  be  consisten t wi th  I SO  1 4782.  

The  l i gh t source  and  the  photometer shou ld  be  used  i n  con junction  wi th  a  fi l ter to  provide  an  

ou tpu t correspond ing  to  the  photopic s tandard  l um inous  efficiency V(λ)  (as  defined  i n  
IEC 60050-845),  wh ich  i s  i dentica l  to  the  colour-match ing  function  y(λ)  speci fi ed  i n  
ISO  1 1 664-1  under CI E  s tandard  i l l um inan t D65  as  speci fi ed  in  I SO  1 1 664-2.  

Standard  i l l um inan t C  may a l so  be  used ,  i n  wh ich  case  th is  i s  to  be  reported .  

The  i n tegrati ng  sphere  used  to  col l ect the  transm itted  l i ght may be  of any d iameter (bu t  
preferably no  l ess  than  1 50  mm  in  order to  be  able  to  accommodate  large  specimens),  as  long  
as  the  tota l  port  area  does  not  exceed  3, 0  %  of the  i n ternal  reflecting  area  of the  sphere  

9. 2. 1 .3  Setu p  of experi m en t  

When  cond i ti on ing  i s  requ i red ,  cond i ti on  the  specimens  i n  accordance wi th  I SO  291  at  
(23  ±  2)  °C  and  (50  ±  1 0)  %  re lati ve  hum id i ty for no  l ess  than  40  h  prior to  the  test.  

When  cond i ti on ing  i s  requ i red ,  p lace  the  test apparatus  in  an  atmosphere  main tained  at  
(23  ±  2)  °C  and  (50  ±  1 0)  %  re lative  hum id i ty.  

9. 2. 1 .4  Procedu re  

Cut specimens  from  a  flat section  of "Primary Optics",  or otherwise  prepare  a  flat un -faceted  
coupon  wi th  the  same chem ical  composi ti on  and  materia l  formu lation  as  the  "Primary Optics" .  

Specimens  shal l  be  free  of dust,  g rease,  adhes ive  from  protecti ve  materia ls ,  scratches,  
b lem ishes  and  other defects,  i ncl ud ing  vis ib l y d iscern ib le  i n ternal  voids  and  fore ign  bod ies.  

Specimens  shal l  be  sufficien tl y l arge  to  cover e i ther the  entrance  port  or,  i f requ i red ,  the  
compensation  port of the  i n tegrati ng  sphere.  A d i sc of 50  mm  in  d iameter or a  square  wi th  a  
s i de  of the  same l eng th  i s  suggested .  

Un less  otherwise  speci fi ed ,  prepare  three  (3)  specimens  of each  sample  of a  g i ven  materia l .  

Th ickness  of specimens  shal l  be  the  same as  "Primary Optics" .  State  the  th ickness  on  the  test 
report.  State  a lso  the  method  of preparation  of the  un-faceted  coupon .  State  the  i l l um inan t 
used .  

Carry ou t the  procedure  on  each  of i n  three  (3)  specimens  i n  turn .  

Calcu late  the  haze  for the  wavelength  band  360  nm  to  830  nm  i n  accordance wi th  I SO 1 4782.  

Haze  may a lso  be  calcu lated  as  the  ratio  of the  d i ffuse  transm i ttance  τd  to  the  total  l um inous  
transm ittance  τt,  i n  wh ich  case  the  method  shal l  be  reported .   

The  haze  va lue,  i . e .  the  average  of the  resu l ts  for a l l  three  (3)  specimens,  to  one  (1 )  decimal  
p lace.  

9. 2. 2  Colou r 

Calcu late  the  L*a*b  colour i nd ices  in  accordance  wi th  I SO  1 1 664-4.  

International  Electrotechnical  Commission

Provided by IHS Markit under l icense with  IEC

 



 – 36  – I EC TS  62989: 201 8  © I EC 201 8  

 

Bibl iography 

[1 ]  ASTM  D7490,  Standard Test Method for Measurement of the Surface Tension of Solid 
Coatings,  Substrates and Pigments using Contact Angle Measurements   

[2 ]  I SO 1 3468-2 ,  Plastics – Determination of the total luminous transmittance of 
transparent materials – Part 2: Double-beam instrument  

[3 ]  ASTM  E424-71 : 2007,  Standard test methods for solar energy transmittance and 
reflectance (Terrestrial)  of sheet material   

[4 ]  S .  Meyen  et a l . ,  Parameters and method to evaluate the solar reflectance properties 
of reflector materials for concentrating solar power technology;  
Official Reflectance Guideline,  Vers ion  2 . 5,  J une  201 3,   

h ttp: //www.solarpaces.org/tasks/task-i i i -solar-technology-and-advanced-appl ications  

[5 ]  I EC 60904-9-1 ,  Photovoltaic devices – Part 9-1 : Collimated beam solar simulator 

performance requirements2  

[6 ]  I EC 62899-201 ,  Printed electronics – Part 201:  Materials – Substrates  

[7 ]  I SO 2039-1 : 2001 ,  Plastics – Determination of hardness – Part 1 :  Ball indentation  
method  

[8 ]  I SO  761 9-1 : 201 0,  Rubber,  vulcanized or thermoplastic – Determination of indentation  
hardness – Part 1 :  Durometer method (Shore hardness)  

[9 ]  ASTM  D3363-05,  Standard test method for film hardness by pencil test   

[1 0]  I SO 1 51 84: 201 2,  Paints and varnished – Determination of film hardness by pencil test   

[1 1 ]  I SO 9385: 1 990,  Glass and ceramics – Knoop hardness test  

[1 2]  Sum i tomo E lectric I ndustries ,  Ltd . ,  Design 402011006624-0001 .  Deu tsches  Paten t-  
und  Markenamt 

 

___________ 

 

___________ 

2  Under considerati on .  

International  Electrotechnical  Commission

Provided by IHS Markit under l icense with  IEC

 



International  Electrotechnical  Commission

Provided by IHS Markit under l icense with  IEC

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

INTERNATIONAL 

ELECTROTECHNICAL 

COMMISSION 

 

3,  rue de Varembé 

PO Box 1 31  

CH-1 21 1  Geneva 20 

Switzerland  

 

Tel:  +  41  22 91 9 02 1 1  

Fax:  +  41  22 91 9 03 00 

info@iec.ch  

www. iec.ch  

International  Electrotechnical  Commission

Provided by IHS Markit under l icense with  IEC

 


