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1. Sample Type and ID 
 
Monocrystalline p-type silicon wafer solar cell.  Sample ID: Customer001. 
 

2. Dates of Receipt of Sample and Measurement  
 

Table 1. Dates of Receipt of Sample  

Sample ID Date 

Customer001 Jan 1, 2015 

 
 

Table 2. Dates of Measurements  

Sample ID Measurement Date 

Customer001 Spectral Response Jan 5, 2015 

Customer001 One-Sun I-V  Jan 5, 2015 
 

 

3. Measurement Procedure 
 

3.1. Solar Cell Designated Area 
 
The test solar cell designated area was deemed as being the wafer area.  It was measured using a 
high-precision topology measurement tool with ±4 µm accuracy. 
 

3.2. Absolute Differential Spectral Response Measurement 
 
The test solar cell was electrically biased near short-circuit conditions (within 3% of the 1-sun 
open-circuit voltage Voc), at 25.0 ± 0.5°C, under constant and uniform light bias corresponding to 
about 0.35 suns.  The differential short-circuit current (Isc) of the test solar cell induced by a 
chopped monochromatic light beam (chopping frequency at 166 Hz) was measured.  The 
monochromatic beam was generated from a grating monochromator.  It was 5% uniform over an 
area of 156 mm x 156 mm, and had a spectral bandwidth of about 15 nm.  The wavelength was 
varied in the range 300-1185 nm.  The test cell was contacted using Kelvin probes placed onto the 
busbars near the wafer edge with negligible shading.  See IEC 60904-8 Ed 3.0 2014-05. 
 
Traceability of the Reference Solar Cell: 
Serial Number: ENL001 / ET1401001 
Certificate Number: DKD-K-47101 
Traceability: Fraunhofer ISE CalLab 
 

3.3. One-Sun I-V Characteristics Measurement 
 
The solar simulator and I-V tester used for I-V characteristics measurement operate under steady-
state conditions and is of class AAA according to IEC 60904-9 Ed 2.0 2007-10.  The test solar cell 
current was extracted using a four-quadrant source measurement unit with the simulator irradiance 
of 1000 W·m-2.  The temperature of the test stage was maintained at 25.0 ± 0.5°C.  No 
temperature correction was applied.  The spectral mismatch caused by the deviation of the solar 
simulator from AM1.5G (IEC 60904-3-Ed.2 2008), and the difference in spectral response of the 
test solar cell from the reference solar cell, was calculated according to IEC 60904-7-Ed. 3 2008.  
A shunted monitor solar cell in the test plane was used to record the relative illumination intensity 
at the time of measurement of the reference solar cell and the test solar cell.  Linear irradiance 
correction was applied to the measured current only.   
 
Traceability of the Reference Solar Cell: 
Serial Number: ENL001 / ET1401001 
Certificate Number: DKD-K-47101 
Traceability: Fraunhofer ISE CalLab 



 

               
 
SERIS-2015-000 Page 3 of 6 
 

SERIS is a research institute at the National University of Singapore (NUS). SERIS is sponsored 
by the National University of Singapore (NUS) and Singapore’s National Research Foundation 
(NRF) through the Singapore Economic Development Board (EDB). 

4. Measurement Results 
 

4.1. Absolute Differential Spectral Response Measurement 
 

Table 3. Spectral response measurement parameters 

Sample ID Probed voltage Bias current  
Test cell 

temperature 
Reference cell 
temperature 

Area 

 (V) (A) (°C) (°C) (cm2) 

Customer001 0.00 3.04 25.0 25.0 239.3 

 
 
The plot and tabulated values of the test solar cell spectral response are shown below. 
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Figure 1. Spectral response of the test solar cell Customer001 
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Table 4. Spectral response of the test solar cell Customer001 
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4.2. One-Sun Current-Voltage (I-V) Characteristics Measurement 
 
The I-V parameters of the test solar cell are shown below. 
 

Table 5. Main I-V parameters for the test solar cell 

Sample ID 
Open-circuit 

voltage  
Voc 

Short-circuit 
current  

Isc 

Fill factor  
FF 

Area 
Efficiency  

η 

 (V) (A) (%) (cm2) (%) 

Customer001 0.632 8.76 80.67 239.3 18.70 

 
 Table 6. Other I-V parameters for the test solar cell 

Sample ID 
Voltage at 

max. power 
Vmpp 

Current at 
max power 

Impp 

Maximum 
power 
Pmpp 

Short-circuit 
current density 

Jsc 

Mismatch 
correction 

factor 

 (V) (A) (W) (mA/cm2)  

Customer001 0.542 8.25 4.47 36.61 0.9980 

 
 
The plot and tabulated values of the test solar cell I-V characteristics are shown below. 
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Figure 2. I-V characteristics of the test solar cell Customer001 
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Table 7. I-V characteristics of the test solar cell 

 

 
 
 

 


