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 “Applications and topologies of power electronic systems for 

large particle accelerators: for example ESS” 

Since the development origin of large scale particle accelerators in the 20ties, their 

powering systems have been amongst the most crucial elements of such large scale 

facilities. After a short introduction to the principles of acceleration of charges parti-

cles and the role of electrical power converters in the fulfilment of basic movement 

profiles, the different types of electrical loads for such power converters and their 

function will be presented (Electro-magnets, High Voltage Radio Frequency Amplifi-

ers 

Once the typical loads and their parameters have been understood, the presentation 

will then focus on the study of the different topologies suitable to realize such power 

converters and the challenges/requirements associated to them. Power Converters for 

Radio Frequency Amplifiers are High Voltage (up to 120 kV, typically) and high 

power (several MW). Power converters for electro-magnets are high current (several 

kA tens kA) and low voltage (tens to hundreds V). All might be pulsed or DC, de-

pending on the nature of the accelerator and have requirements typically very diffi-

cult to combine – high power, high bandwidths and high precision. The power levels 

limit the choice of semiconductor components’ technology; the high bandwidth re-

quirements orient the solution towards high switching frequencies, which might be 

difficult to achieve with some semiconductors. High precision also requires high 

switching frequencies, high quality on the measurements and low EMI. Besides the 

requirements on the load side, challenging requirements, related to power quality are 

also present on the AC-grid side. Indeed, pulsed loads have tendency to generate 

flicker. Depending on the adopted topologies and technology choices, current har-

monic distributions might be also an important factor to account for. To meet all 

these contradictory requirements innovative topologies have been developed for the 

ESS accelerators with unprecedented expected performance at a worldwide scale, not 

only in relation to the main requirements, described above but simultaneously on 

cost and power density. Some examples of prototype developments and results ob-

tained so far will be shown: 

 HV klystron modulator, rated for 115 kV/20 A, pulsed with 3.5 ms (pulse 

width) and 14 Hz (pulse repletion rate) 

 The pulsed power converters for quadrupole focusing magnets, rated for 1 

kV/400 A, pulsed with 4 ms (flattop duration) and 14 Hz repetition rate.  

The ESS accelerator will require 33 units of the first type and 13 units of the second 

type, amongst others. 


