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Abstract

The RFX-mod2 Nuclear Fusion experiment is an upgrade of RFX-mod, that was shutdown in 2016. Among the
other improvements in machine structure and diagnostics, a larger number of electromagnetic probes (EMs) is
foreseen to provide more information about plasma instabilities and to allow an improved real-time plasma
control. An Analog to Digital Converter (ADC) architecture able to provide both transient recording and real-time
streaming is foreseen in RFX-mod2. Transient recording provides full speed data acquisition by recording data in
local memory and reading memory content after the plasma discharge. Real-time streaming of sub-sampled
data is required for active control. The chosen technology is based on the XILINX Zynq architecture that
provides in the same chip a multi-core ARM processor tightly coupled to an FPGA.

Time critical functions carried out by the FPGA in this context are:

1) The management of a circular data buffer and the DMA transfer in RAM of pre and post trigger samples
after the trigger has been received;

2) Antialiasing filtering and subsampling of the samples to be streamed. The resulting samples are enqueued -

Flexible ADC SoC implementation

The RFX-mod2 improved controllability will require the design of a new ADC

architecture able to provide both the transient recording and the streaming of
data for the control of the experiment.

The transient recorder functionality will provide full speed data acquisition

(up to 1 = 2 MSample/s) by recording data in local memory and reading back

the memory content after the plasma discharge.

At the same time the real-time streaming functionality is required when the
target signal is used in active control because such data must be promptly

available in the closed loop feedback. In this case a 10 kHz sub-sampled version
is streamed out toward the control units.
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The solution proposed comes form the adoption of the technology based on the XILINX Zynq architecture that provides in the same chip a multi-core ARM
processor tightly coupled to an FPGA. The critical functions implemented inFPGA are:

in a FIFO accessed by the processor.
The functions carried out by the processor are:

1) The management of the configuration setting, received via TCP/IP or HTTP. The processor
validates the configuration and write the appreciate registers in the FPGA;

2) Offline data readout of acquired samples in transient recording; \

* The management of a circular data buffer and the DMA transfer in RAM of pre and post trigger samples after the trigger has been received;

» anti-aliasing filtering and sub-sampling of the signal data to be streamed.

* digital integration for deriving magnetic field measurements from EM probe signals

* ROI detection in case ADC triggers are derived from the signal itself (e.g. over a given signal level threshold)

* Clock and trigger extraction in case a highway signal is provided by the timing system, encoding both clock an triggers.

\

The less critical functions that will be carried out by the processor unit are:

3) Network data streaming of subsampled data read from the FIFO and sent in UDP packets to the active
plasma control system.
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Numerical integration of EM probes for RFX-mod2

.

* The management of the configuration setting, received via TCP/IP or HTTP.

» off-line data readout of acquired samples in transient recording;

* network data streaming of sub-sampled data read from the FIFO and sent in UDP packets to the active plasma control system.

RFX-mod [1] is a toroidal plasma machine R = 2.0m, a = 0.46m. Works in 2 MA current (RFP) or 0.5 T
(Tokamak). The experiment was shut down in 2016 and is now being upgraded as RFX-mod2 [2]. A major
foreseen development is a substantial improvement of the magnetic measurement system.

EM feedback changes:
1) Sensors moved inside the vacuum vessel widening usable signal bandwidth up to 200 kHz.
-> better plasma control.

2) Total number of pick-up coils will be increased
-> improved spatial resolution [3].

We need a device with strong electrical insulation. In addition, the possibility of a fast data acquisition,
together with the local numerical integration requires for a device with high bandwidth, sensitivity and SNR.

To match the these characteristics a compact and cost effective solution has been investigated based on
the ATCA-MIMO-ISOL [9] architecture developed for the plasma column vertical stabilization at JET tokamak
experiment. The ADC module is composed by a plug-in component mounting a 18-bit SAR converter from
Analog Devices (AD7641) that acquires signals from a fully differential input in the range 2.048 V at a
maximum rate of 2 MSamples/s.

A proper logic interface has been built in FPGA to talk with the serial 4-wire LVDS protocol. A simulated
mock-up experiment was set to test the correct module acquisition.

Mock-up B field gen.
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Developing critical and non critical functions requires HDL development for the first ones, and C or C++ code development for the others. In
addition, a Linux driver must be written, acting as a bridge between the FPGA functions and the outside world. The ANACLETO framework
provides an effective solution by transparently orchestrating the download and the installation of the required components and toolchain,
letting the developer concentrate on the specific aspects of his/her project.

The following communication media are
supported by ANACLETO:

* |/O registers

* Input and/or output FIFOs

* Input and/or output DMA channels

ANACLETO recognizes the 1/O registers, FIFOs and DMA controllers defined in the FPGA project (available as IPs in the XILINX toolbox),
modifies the device tree produced by VIVADO and produces the corresponding source code driver template.

Starting from the template, the developer will implement the specific functions, but he can ignore to a large extent the intricacies required for
the 1/O data transfer such as Interrupt handler programming and DMA engine configuration.
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