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Testing Instructions 

Charge and discharge current of capacitors 

Commonly, constant current is used within voltage range of 1.425V to 2.85V. Highest 
allowed current is 2 A/F, if not otherwise stated in the specifications. Keep in mind not to 
exceed the temperature +65°C. High temperature may damage ultracapacitors. Also, do not 
exceed the rated voltage (2.85V) and do not reverse polarity. 

Application temperature  

The application temperature is -40°C to +65°C for ultracapacitors. 

Capacitance 

The capacitance is calculated from constant current charge-discharge cycles, whereby the 
capacitance value is calculated from the 5th discharge cycle at the current 10mA/F. The cycling 
voltage range within 2.85V to 1.425V is used.  
 
Example: for 500F capacitor the charge-discharge current: 0.010A/F × 500F = 5.0A. 
 

Capacitance is calculated according to eq. 
 

 

Internal resistance (electrochemical series resistance, ESR) 

Internal contact resistance of a capacitor is obtained from the abovementioned capacitance 
measurement cycles. It is calculated according to equation:  

ESRDC =
V3 -V2

I
 

where V2 is 1.425V, and V3 is determined at T3, 0.01 sec after current-cut. 
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Contact resistance with this 0.01 sec method is easy to measure, and does not require 
expensive apparatus. However, for more accurate values, measurements with electrical 
impedance spectroscopy (EIS) is suggested. The impedance at AC frequency of 100Hz gives 
almost the same contact resistance as the 0.01 sec method.  
 

 
 
There is additional resistance in the porous structure of an ultracapacitor that is not included 
in contact resistance. For practical applications, the total resistance is needed. Internal total 
resistance is best measured using electrochemical impedance spectroscopy (EIS) data at AC 
frequency of 0.1Hz.  
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Output power 

The output power of the capacitor is calculated by using the maximum voltage Vmax and the 
internal resistance ESR: 
 
Pmax = Vmax

2 / 4*ESR (maximum power from an ultacapacitor, giving 50% energy efficiency) 
 
Pusable = 0.12*Vmax

2 / ESR (usable power from an ultracapacitor) 
 

For accurate power values, total resistance values (e.g. 0.1Hz AC) should be used. 

Self-discharge 

Self-discharge of Skeleton Technologies’ capacitors is obtained by charging the capacitor to 
the maximum voltage (2.85V) and keeping this constant voltage during 24 hours (current is 
approaching zero during this time). After this, the current is interrupted, and the cell is kept 
at ambient temperature without cables. After 72 hours, the open circuit voltage is measured. 
The decay in voltage (Vmax -V72h) is the self-discharge. 

 

Note: All tests should be made at room temperature (RT = 23 ± 3 deg C) unless noted 
otherwise. 
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