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1. Capacitor

 Capacitor as A Circuit Element
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 Capacitor Applications

- Energy storage

- Surge voltage reduction

- Power electronics ripple filter

- Frequency-selection filter
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2. Capacitor Types
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PME (precious metal electrode)

BME (base metal electrode)

SLC (single layer capacitor)

MLCC (multilayer ceramic capacitor)

ELDC (electic double-layer capacitor) = supercapacitor
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3. Ceramic Capacitors
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4. ELDC

 What is ELDC?

- Halfway between regular capacitors and rechargeable batteries

- EDLC stores charge by means of an electric double layer

- Ions adhere to the surface of an activated carbon electrode. 

- Can be charged in a matter of seconds. 

- Number of charge cycles: Very large

- 10-100 times capacitance of electrolytic capacitors

 ELDC Applications

- Regenerative braking, short-term energy storage, burst-mode power delivery

- In cars, trains, cranes and elevators

- Power backup for SRAM: smaller units of ELDC
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Typical construction of a supercapacitor: (1) power source, (2) collector, 
(3) polarized electrode, (4) Helmholtz double layer, (5) electrolyte having 
positive and negative ions, (6) separator



26



27



28



29



30



31

Pouch type: 
Flat style of a supercapacitor used for 
mobile components

Coin type: 
Radial style of a lithium-ion type 
supercapacitor for PCB mounting used for 
industrial applications
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Cylinder type:
Schematic construction of a wound supercapacitor 1. terminals, 2. safety vent, 
3. sealing disc, 4. aluminum can, 5. positive pole, 6. separator, 7. carbon 
electrode, 8. collector, 9. carbon electrode, 10. negative pole
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A 2.4v Skelcap ultracapacitor
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Prism type:
Schematic construction of a supercapacitor with stacked electrodes 
1. positive electrode, 2. negative electrode, 3. separator
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Dependence of capacitance on frequency of a 50 F supercapacitor



36



37

The lifetime of supercapacitors depends mainly on the capacitor temperature 
and the voltage applied
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5. Capacitor Modeling
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6. Coding Example

1. Calculate the impedance of the following capacitos. Write a Python code calculate
impedances of capacitors 1 and 2 at f = 10 kHz, 100 kHz, 10 MHz, and 1000 MHz.
Run the code and show the result.

Capacitor 1: An ideal capacitor, C = 33000 pF

Capacitor 2: A real capacitor
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