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PV module measurement intercomparison 

AIST
JET
TUV JAPAN

KIER
KTL

ITRI

PTEC
KMUTT

IEE

IEE, ITRI, JET, KIER, KMUTT, KTL, RTEC and TUV Rheinland Japan 
hosted by AIST (2009-2011) 
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Si  

PV module measurement intercomparison 

Fraunhofer ISE press release "PV Modules Measured with Uniform Quality Worldwide", Freiburg, September 
30, 2013, No. 25/13 

AIST, JRC/ESTI, NREL, hosted by Fraunhofer ISE (2013) 

ISE 
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AIST 
NREL 

Si  

  

60904-2 reference devices 
60904-3 STC 
60904-8 SR 
61853 Energy Rating 
60904-1-1 MJ I-V 
60904-8-1 MJ SR 
, etc. 

JIS C8913 
JIS C8919 
JIS C8934 
JIS C8940 
JIS C8943 
JIS C8946 
TS C0051 
, etc. 
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Si  

Conventional c-Si cells < 100 msec. 
Recent high efficiency devices >100 msec. 
dependent on device/module structures. 

Effect of sweep speed and direction on the I-V characteristics of 
high-efficiency c-Si PV modules (HIT, BC, conventional). 

High-efficiency c-Si solar cells: 
I-V sweep speed and direction 

TCO
a-Si (p)
a-Si (i)
c-Si n
a-Si (i)
a-Si n
TCO

JS
ES



Si HIT 

Effect of sweep speed and direction on the I-V characteristics 
of high-efficiency c-Si solar cell (HIT structure). 

High-efficiency c-Si solar cells: 
I-V sweep speed and direction 
Response time is dependent on both the PV  
device and measurement equipment. 

under discussion 
JIS C8913 
JIS C8919 
JIS C8934 
JIS C8940 
JIS C8943 
JIS C8946 
TS C0051 

Si HIT 

Sample stage with multiple contact probes for measuring the 
I-V curve of c-Si bare cells. 

c-Si bare cells: 
distribution of electric field in the cell surface 

Sometimes leads to inappropriate  
4 terminal connection 

"good" 4 terminal connection JS
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Si HIT 

Sample stage with multiple contact probes for measuring the 
I-V curve of c-Si bare cells. 

c-Si bare cells: 
distribution of electric field in the cell surface 

Cells with thinner electrodes and 
thinner (bending) wafers are increasing 
(typ. mV~ mV) 

"good" 4 terminal connection 

I-V curve 

I-V curves of DSC as functions of the sweep time and sweep direction. 

Dependent on the voltage sweep direction  
at sweep time of ~seconds and minutes 

(typ. 1 - 5 min.) 

DSC:I-V Curve 
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QE measurements 

Spectral response measurement of DSC. 

· Very slow response time than other PV devices 
· Response time is dependent on the wavelength 
· Bias light is necessary for accurate characterization 
· Chopper frequency of 1 - 5 Hz or slower (typ. ~1 Hz) 

DSC: Spectral response 

I-V curve(2) 

Example of the I-V parameters of DSC as functions of the 
sweep time and sweep direction. 

Measurement from both directions (Isc to Voc, Voc to Isc) 
Confirmation of Pmax at a fixed bias voltage 

DSC:I-V Curve (slow devices) 
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Quantum efficiency of various PV cells 

OPV a-Si DSC Si CIGS top middle bottom 

OPV: very wide variation of SR 
· The basic features are similar to other thin film PV devices. 
· The spectral response (SR) of OPV sometimes shows different 
features than other PV devices, due to its very wide variation 

 

Example of the relative spectral responses (A/W) of  
an a-Si tandem and an OPV tandem devices. 

OPV: very wide variation of SR 
· The basic features are similar to other thin film PV devices. 
· The spectral response (SR) of OPV, with optical interference 
patterns,  sometimes shows different appearance to other 
PV devices JS
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IRRADIANCE Spectrum  Module temperature 

W-m–2  15 °C 25 °C 50 °C 75 °C 

1 100 AM1,5 NA    

1 000 AM1,5     

800 AM1,5     

600 AM1,5     

400 AM1,5    NA 

200 AM1,5   NA NA 

100 AM1,5   NA NA 

 

100 mW/cm2, 
25C, AM1.5

IEC 
60891 published 
61853-1 published 
61853-2 
61853-3 
61853-4  

STC +irradiance + 
temperature 

Power rating and Energy rating 
Purpose Experiment 
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reference cell 

Example of the ranges of the E and T in Japan 

approximate range:  
0 < E < 1.1 (kW/m2) 
10 < T < 65 (ºC) 
Open rack, Tokyo, Japan 

Irradiance and temperature dependence 

 

(a)
c-Si cell

Si
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standard solar 
spectrum Eref 

solar simulator 
EM 

sample SR 
Smeas 

reference cell SR 
QR 

dSE
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Spectral irradiance measurement 
Measurements of the spectral 
irradiance usually includes larger 
uncertainty than the SR and Isc. dSE

dSE

dSE

dSE
I

I

refref

refmeas

measmeas

measref
measSC

refSC
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,

,

Spectral irradiance of a SS measured by various spectroradiometers. 

· The same standard lamp 
· The same SS 
Difference in the 
measurement result is ~10% JS
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Spectral irradiance measurement 
The possible technical issues for the spectroradiometers are; 
• Linearity according to the irradiance and exposure time 
(The irradiance of SS is 10 - 100 times higher than the standard lamps) 
• Angular dependence of the input optics 
• Stability of the optics 

MJ cells 

Muti-junction PV devices 

Different component cells are 
connected in series 

Requirement of current continuity 

Accurate measurement needs more 
careful attention (simulator 
spectrum, SR, reference cells, etc.) 

Spectrally adjustable solar simulators 
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Spectrally adjustable solar simulators 
• Both the high fidelity to the reference solar spectrum and spectral 
adjustability is necessary for the performance characterization of 
multi-junction PV devices  
• Several PV testing labs. and institutes are developing and installing 
spectrally adjustable SS's 

Schematic optics and spectrum of WHSS with three light sources 

 

Si,CIGS)  
IEC61646 →  
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a-Si CIGS JS
ES



 

SUMMARY: Near-future improvements 
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