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HOW HIGH-ENERGY CAPACITOR BANKS DRIVE 
PLASMA RESEARCH

From the Nat ional  Igni t ion Faci l i ty  (NIF )  in  Cal i forn ia to the High 
Magnet ic  F ie ld Faci l i ty  in  Dresden,  h igh-energy capaci tor  banks 
are at  the hear t  of  h igh-power pulsed energy exper iments 
wor ldwide.  These systems provide a massive amount  of  fast -
d ischarge energy for  exper iments that  push the boundar ies of 
sc ience and technology. 
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Plasma generation, heating and confinement all require extremely high current pulses, and 
capacitor banks excel at delivering them. Their ability to discharge stored energy in a rapid, 
controlled manner makes them ideal for plasma experiments.  

The Role of Capacitor Banks in Plasma Research 
Capacitor banks enable key processes in plasma research, including:

•	 Plasma Generation: Creating plasma requires ionizing gas with a large electrical discharge. 
Capacitor banks provide the necessary energy for the initial breakdown and ionization 
process.

•	 Plasma Heating: Once a plasma is formed, it must be heated to extreme temperatures (i.e., 
millions of degrees). Ohmic heating, where current is passed through plasma, and inductive 
heating techniques rely on pulsed power from capacitor banks.

•	 Plasma Confinement: In magnetic confinement fusion experiments (e.g., tokamaks and 
stellarators), strong magnetic fields are used to contain hot plasma. Capacitor banks power 
the magnets that generate those fields in pulsed or short-duration scenarios.

•	 High-Temperature, High-Density Plasma Studies: Studying an extreme state of matter 
like plasma requires large amounts of energy delivered over short periods of time, making 
capacitor banks essential in experimental setups.

Assembling Capacitor Banks for Experiments
A high-energy capacitor bank, shown in Figure 1, consists of multiple sub-banks, each composed 
of several energy storage capacitors. These banks are designed to deliver precise, high-current 
pulses. Energy storage capacitors are charged to a specified voltage by a charging supply. 
Then, a trigger pulse generator activates the sub-bank switches, firing them simultaneously for 
synchronized energy discharge. High currents from capacitor banks travel through transmission 
lines, ensuring efficient power delivery to the experiment.

One of the most advanced examples is NIF’s power conditioning system (PCS). The PCS consists 
of 192 modules, each containing eight capacitor banks, ensuring a highly controlled energy 
release. This system drives all 7,680 flashlamps used in the NIF’s laser amplification process, 
delivering nearly 330 million joules of electrical energy for each laser shot. In NIF’s case, 3,840 
high-voltage capacitors store energy over 60 seconds and then release it in a 400-microsecond 
burst to power the laser amplifiers. 
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If you need help selecting from our portfolio please contact us and we can guide 
you through the selection process.

2777 Hwy 20
Cazenovia, NY 13035

(315) 655-8710 Contact Knowles

Learn More

To explore a future powered by pulsed energy, read Exploring Our Energy Future with the Help 
of Capacitors. For more on capacitor technology in pulsed energy applications, read Specifying 
Capacitors for High-Energy Pulse Applications. 

Figure 1 :  This high-energy capaci tor  bank system is  composed of  N sub-capaci tor 
banks,  each containing n energy storage capaci tors .  C represents the capaci tance of 

each energy storage capaci tor.  The resul t  is  a total  equivalent  capaci tance of  nNC. 


