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ISFH Calibration and Test Centre (CalTeC)

229.07.2024 Challenges in certified measurements of large-area Si solar cells

• ISFH CalTeC is ISO/IEC 17025 
accredited

• The solar cell calibration 
laboratory is accredited by the 
Germam accreditation body 
DAkkS since 2016



Calibration of solar cells in three steps

3

Area (cell (TA) or mask (DA)) Spectral Responsivity Current-Voltage Chracteristic

• Required for efficiency calculation • Required for spectral mismatch 
correction

• Provides information about linearity

• Required for determination of 
characteristic parameters Isc, Voc, 
Pmax, FF and efficiency
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Metallisation layout
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Metallisation layout
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current
pads

voltage
pads

Where to place voltage pads for correct sensing?



FF over- and underestimation
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• The sensing aims at probing the average 
busbar potential

current extraction



FF over- and underestimation
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FF over- and underestimation
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• The sensing aims at measuring the potential 
that would be measured if the entire busbar
were contacted
 Sensing on busbar with at 1/5th of the 

distance of two adjacent contacting 
probes

 The measured FF is independent of the
actual busbar resistance and number of 
probes

Busbar-resistance neglecting (brn) contacting



Back contact cells
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pad design
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Contacting bare back contact cells – fakir chuck
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• Water cooling
• Vacuum to hold cell
• Correct sensing
• Homogenous contacting
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Contacting bare back contact cells – PCB chuck
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• Peltier cooling
• Vacuum to hold cell
• Correct sensing
• Homogenous contacting
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Contacting bare back contact cells
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Customer contacting units
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14.5 cm

Acceptance tests (selected criteria):
• Temperature:

o Thermal contact area > 50%
o Thermalization to 25°C under illumination possible
o Temperature homogeneity better than ± 0.25 °C

• Electrical contact:
o 4-wire contacting realized
o Sense contact position correct
o Robustness of cables, plugs and sockets OK
o Lateral EL distribution only due to cell "features" 

(busbar & finger resistance, wafer inherent or 
process induced defects) not due to bad contacting 
pins (inhomogeneous contacting resistance)

o Reproducibility of VOC better than ± 0.3 mV
o Reproducibility of FF ± 0.3 %abs



Calibration of solar cells in three steps

20

Area (cell (TA) or mask (DA)) Spectral Responsivity Current-Voltage Chracteristic

• Required for efficiency calculation • Required for spectral mismatch 
correction

• Provides information about linearity

• Required for determination of 
characteristic parameters Isc, Voc, 
Pmax, FF and efficiency

29.07.2024 Challenges in certified measurements of large-area Si solar cells



Calibration of solar cells in three steps

21

Area (cell (TA) or mask (DA)) Spectral Responsivity Current-Voltage Chracteristic

• Required for efficiency calculation • Required for spectral mismatch 
correction

• Provides information about linearity

• Required for determination of 
characteristic parameters Isc, Voc, 
Pmax, FF and efficiency

29.07.2024 Challenges in certified measurements of large-area Si solar cells



LED sun simulators
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Base spectrum
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Spectral modification 1
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Spectral modification 2
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Spectral modification 1 to 50
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Multi-spectrum SR using a LED solar simulator
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Multi-spectrum SR using a LED solar simulator
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Record BC cells calibrated at ISFH
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Thank you for your attention!



Equation system
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𝐼𝐼sc1 = �𝑑𝑑𝜆𝜆 𝜑𝜑1 𝜆𝜆 𝑆𝑆𝑆𝑆(𝜆𝜆)

𝐼𝐼sc2 = �𝑑𝑑𝜆𝜆 𝜑𝜑2 𝜆𝜆 𝑆𝑆𝑆𝑆(𝜆𝜆)

.

.

.

𝐼𝐼scM = �𝑑𝑑𝜆𝜆 𝜑𝜑M 𝜆𝜆 𝑆𝑆𝑆𝑆(𝜆𝜆)

Equation system 1:



Discretization

• Discretization of SR
curve into N intervals

• Obtain second equation
system
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Solving
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Equation system 2:
• Discretization of SR

curve into N intervals

• Obtain second equation
system

• Solvable with least-
square algorithm with N
unknowns

• Result: SR1, …, SRN
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