
Electrical Characterization and 
Measurement of Solar Cells  

Horace Chen
Keithley Brand, Tektronix Technology
Date: October 2013



2

Agenda

1. Solar Cell Market and Principle Overview

2. Solar Cell Efficiency

3. I-V Measurement of Efficiency

4. Understanding the Sources of Efficiency Loss

5. Measuring Key Parameters of a Solar Cell

6. Summary and Conclusions



3

Agenda

1. Solar Cell Market and Principle Overview

2. Solar Cell Efficiency

3. I-V Measurement of Efficiency

4. Understanding the Sources of Efficiency Loss

5. Measuring Key Parameters of a Solar Cell

6. Summary and Conclusions



Solar Power Plant with MPPT of One Axis, US  

Source: http://en.wikipedia.org/wiki/Photovoltaics 



‘Mega Solar Panels’, 70MW, Southern JP

Source: http://www.renewableenergyfocus.com/



Japan Set to Overtake US and Europe as 
Leading Solar Market of 2013

Source: http://www.solarsystems-usa.net/



Global Solar Panel Demand to Double in 3 Years

Source: http://www.solarsystems-usa.net/ ,2013



Basic Working Principle of Solar Cell

1. 單晶矽太陽電池(single crystal Si), Wafer type
2. 多晶矽太陽電池(poly crystal Si), Wafer type
3. 非晶矽太陽電池(amorphous Si), Thin film type
4. 化合物半導體太陽電池, Compound semiconductor
5. 其他太陽電池 (Other solar cells)



Schematic of a Typical Single Junction Si Solar 
Cell: The principle of operation of the solar cell

• A Si pn junction with a very thin and more heavily doped n region
• Finger electrodes and thin antireflection (AR) coating on the surface
• Generation of Electron-Hole Pairs (EHP)

Source: Prof. Wei-I Lee, http://ocw.nctu.edu.tw/



Four and Five Junction Solar Cells
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Key Technical Challenge: Increase Efficiency



Current-Voltage (IV) Load Sweep of a Solar Cell

Source: Prof. Wei-I Lee, http://ocw.nctu.edu.tw/

I-V under dark, or dark I-V, shifted by Isc (-Iph)



Delivered Power and Fill Factor

Source: Prof. Wei-I Lee, http://ocw.nctu.edu.tw/



Current-Voltage (IV) Load Sweep of a Solar Cell

Short Circuit

Open Circuit

Driving External Load R



I-V Measurements for Solar Cell Efficiency



I-V Measurements for Solar Cell Efficiency w/
Keithley ACS (Parameter Extraction)
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I-V Measurements for Solar Cell Efficiency w/
Keithley ACS (Parameter Extraction)



Ideal Electrical Model of a Solar Cell



Real World Electrical Model of a Solar Cell



Real World Electrical Model of a Solar Cell, Rs



Real World Electrical Model of a Solar Cell, Rsh



Real World Electrical Model of a Solar Cell, T



Measuring Series Resistance (Rs)
Low Rs  Low Parasitic Loss  Better Efficiency
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Measuring Series Resistance (Rs)
Low Rs  Low Parasitic Loss  Better Efficiency



Measuring Shunt Resistance (Rsh)
High Rsh  Low Internal Loss  Better Efficiency



Measuring Characteristic Resistance:
Max Output Efficiency with RCH Matching

Characteristic Resistance: Resistance at Pmax tells you how 
to connect (set R for load) to avoid external losses
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Summary of Electrical Characterization for Solar 
Cells & Key Parameters
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Conclusions
1. Solar cell is a good technology of green energy with double 

digits in 3 Years.

2. Developing processes can be improved with precision I-V 
measurements of cell parameters (Isc, Voc, Imax, Vmax, 
Pmax, FF, η, Rs, Rsh, RCH, …)

3. Solar Cell tests can be done quickly and easily with Keithley 
single instrument solution.

4. Difficult I-V/C-V measurements of properties of the 
semiconductor material and doping technologies can be 
made simple with Keithley measurement system.

5. Right DUT and right tools. Keithley offers different series of 
SMUs for different requirements of voltage, current, power 
and accuracy levels.



Q & A
 Thanks for participating in this topic of today’s seminar.

 For more information about electrical characterization of solar cells 
feel free to visit and view Keithley web site or contact us. 

 Any questions?



Electrical Characterization and 
Measurement of Solar Cells  

Thanks for your time ~~


