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Project Examples on basis of the NGPS

15Racks/ about 50sources/
about350kW

Developed for the upgrade of a large 
accelerator facility in the US.

Installation of >1.000 devices at 250A/50V 
water cooled (>12,5 MW total), started in 
2020.

Paralleled to 500A/50V

10 ppm pk-pk stability over 7 days!

5 ppm pk-pk stability over 24 hours!
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Beam Stabilization with MicroTCA and Fast-PS
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Machine Protection with MicroTCA Architecture
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ABSTRACT

Programmable logic and integrated technologies, as SoC, FPGA and DSP, have became mature enough to be 
employed in high performance magnet power supply applications.

The use of a configurable mixed current and voltage digital control, combined with adaptable complex 
algorithms for protections (e.g. quenchin superconducting magnets) and auxiliary integration (e.g. transverse 

flux density in a dipole gap) allows obtaining the perfect fit for each specific magnet application.

An entire series of power supplies, coming from a background of particle accelerator applications, has been 
developed for both bipolar and monopolar operation with high bandwidth (fast fields as in corrector magnets 
and steerers) and high adaptability with a user-friendly interface and an embedded Linux OS that allows users 

to implement their own applications directly on the power supply.

The use of 24-bit ADCs and state-of-the-art PWM generation (with possible application of dithering 
techniques to reach 65-ps resolution) enables to obtain fields actuations in the ppm-level range.

Some of the CAENelspower converters, for specific applications (usually dipoles or superconducting), are 
equipped with our closed-loop zero flux transducers that feed their signals to temperature-stabilized 

electronics to reach current temperature coefficient values of lower than 1 ppm/K. 
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Output Control Loop

The on-board programmable logic allows for complex algorithms to be performed on the current and voltage 
output values. 
A lot of different feedback control loops have been implemented but standard ones are modified versions of 
Proportional Integral Derivative (PID). PID-Autotuning optionally available (Automatic tuning of PID 
parameters for any resistive, inductive or capacitive load - or a mix of it)!

Two examples are hereafter shown: 

Application Example: a user can implement a slower closed loop directly on the Linux OS by using 
the readings of the magnetic field from a Hall probe fed to the auxiliary input of the carrier board. 
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Power Stage Control

The on-board FPGA performs all the control loop algorithms at a hardware-level to maximize speed and 
computing power.

The DSPis used as a multi -channel PWM generatorwith a 65-ps PWM resolution. For bipolar stages (H-
Bridge topologies), this resolution can be halved.

The equivalent setting resolution for a 15-kHz switching monopolar power stage can be computed as:

This resolution can be increased to 21 bit for bipolar stages. 
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Current Sensing

The current sensing is made using a 
proprietary closed-loop Zero Flux DCCT (DC 
Current Transformer) and fed to the ADC via 
a temperature-stabilized signal conditioning 
section to reach a TC < 1 ppm/°C. 

CAENels0-FLUCS DC 
CurrentTransformer
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Crowbar

Active circuits to protect 
against back-energy are 

designed for monopolar and 
bipolar power supplies.

A specific circuit that remains 
active for > 10 min after an AC 

mains failure has been 
integrated also for 

superconducting magnets.

Quench Detection

A quench protection procedure is 
running on the FPGA and it is 

configurable. 

Auxiliary Inputs

External analog control 
input (e.g. to use the power 
supply as an amplifier) is 
provided by using another 
ADC at 16-bit 100 ksps.

An external input can also be 
used to read, for example,

the magnetic field generated 
by the magnet - e.g. Hall 
probe. A slow loop can be 
closed on the field value. 
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Fast Connections

Two 6.5 GbpsSFP+ links are 
provided for fast update rates (> 
10 KHz). 

Paralleling is also performed using 
the SFP+. 

Embedded Webserver

EmbeddedOscilloscope andWaveform Generator. 
PID Parameters, Interlocks, Protections, etc. can 
be configured remotely. 
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Front Rear

The QDS is a 4-channel multi-range precision digital quench detection system for superconducting magnets.

The QDS is the new solution for any type of quench detection on superconducting magnets. It is composed by 4 
independent channels, each one floating up to 100 V, that can be connected to voltage taps. The quench detection can 
be performed both in an absolute or differential way and the detection window can be configured from 1 msto 1 s.

Each channel has eleven (11) different full-scale ranges, the largest one up to ± 20 V (2.4 uVresolution) and the 
smallest one up to ± 20 mV (2.5 nVresolution). The range of each channel can be set independently.

Each channel can float up to 100 V from ground and it is fed to a signal conditioning network that converts it with a 24-
bit resolution and a 100-kHz sampling rate.

Interlock signals as well as output status signals are available for different uses - e.g. interfacing to a power supply for 
the superconducting magnet.

Two power outputs, one rated at 12 V and the other one at 24 V, can be used to drive a persistent switch. A 10/100/1000 
Mbit Ethernet connection allows for very fast data transmission and easy instrument control with several operating 
systems and programming languages. The internal firmware can be remotely updated.
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REGUL8OR

POWER CONVERTER Project with TDK Lambda for 30 devices
500A/50V controlled by REGUL8OR

TDK Lambda Genesys+ - stand alone with REGUL8OR
Line Regulation 0,1% 0,0005%
Load Regulation 0,1% 0,0005%
Control Mode CC+CV CC+CV

Accuracy CC-Mode 0,5% <0,01%
Accuracy CV-Mode 0,3% <0,01%
Setting Resolution 0,02% (CV), 0,04% (CI) 24 bit (ca. 0,000025%)

Readback Resolution 0,02% (CV, CI) 24 bit (ca. 0,000025%)

Temperature Stability <0,02%/K (CC- + CV-Mode)
<0,0002% (CC-Mode)
<0,005% (CV-Mode)

Long Term Stability (8h) <0,02% (CC- + CV-Mode)
<0,0005% (CC-Mode)
<0,005% (CV-Mode)

Adaption to different loads by additional hardware - capacitors or inductors
software regulation per PID parameter / 

Autotuning
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Comparison of Current Measurement Technologies

The ZERO-FLUCSprinciple was already discovered in the 1930 years and is up to today the most complex and 
overall most precise, most stable and most versatile current measuring method.

Characteristics/Capability Shunt
Hall Effect 

Sensor
Current 

Transformer
Rogowski 

Coil ZERO FLUCS DCCT

DC Currents Yes Yes No No Yes
Bandwidth Medium Very poor High Very high High
Insulation No Yes Yes Yes Yes
Linearity Medium Very poor Poor Medium Very high
Accuracy Medium Medium Medium Medium Very high
Offset Yes Yes No No No

High Currents No Medium Medium High Very high
Magnetical Saturation No Yes Yes No No
Temperature Stability Medium Poor High Very high Very high
Power Consumption High Low Low Low Medium

Dimension Very small Small Small Medium Medium
Long Term Stability Poor Poor Poor Very good Very good

Automotive Interface Ability Difficult Possible Difficult Possible Possible
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Temperature Stability (Example):

TemperatureStability
over 19 hours:

Temperature
21.2 °C to 23.4 °C

Current Measurement
-10.0023A to -10.0030A
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Development, Manufacturing and Distribution Partners:




























