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INTRODUCTION
The Scalable Readout System (SRS) is an IP co-owned by CERN, Universitat Politècnica de València (UPV) and IFIN-HH Bucharest. It was defined by the CERN RD51 Collaboration [1-2] as a scalable, multi-channel readout platform that could easily adapt to a wide range of front ends.
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In 2014, SRS was ported to the ATCA (Advanced Telecommunications Computing Architecture) standard upon agreement with the German company EicSys. The use of certified crates with built-in and redundant cooling, power and shelf management makes it a more robust mechanical
and electrical solution for prolonged operation in experiments than the original flavor.
NEXT [3] is an underground experiment aimed at searching for neutrinoless double-beta decay that combines an excellent energy resolution
with tracking capabilities merging PMTs and SiPMs. NEXT-DEMO, a small-scale demonstrator, was read out using classical SRS, based on Eurocard mechanics. NEXT has adopted SRS-ATCA for its first stage, called NEW. SRS-ATCA is used for the readout, DAQ and trigger for NEW, being, to our knowledge, the first experiment operating entirely on SRS-ATCA.

ATCA SYSTEM
SRS has two main building blocks: the Front-End Concentrator card (FEC) [4], a flexible front-end interface and data concentrator, and the Scalable Readout Unit (SRU), a second data concentrator stage intended for large scale applications. Both modules are based on FPGA and can interface the DAQ PC farm via GbE links, thus reducing the DAQ and trigger systems to a network-based architecture. Custom
links (named DTCC links) [5] allow to carry clock, slow controls, trigger and data over copper (four LVDS pairs over off-the-shelf HDMI or RJ-45 cable) or optical fibre.
The new ATCA-FEC has two
Xilinx Virtex-6 FPGAs and
DDR3 memory that allow to
implement data processing
customized to target applications, interfaced via two onboard mezzanine connectors
(up to 12 HDMI ports each).
In addition, rear transition
modules (RTM) provides
GbE, 10 GbE and other I/O
connectivity.
This is functionally equivalent
to 2 “classic” FEC modules.
Existing mezzanines are a 24
-ch ADC card and a 12-ch
copper DTCC digital link card.
Optical interface mezzanines
are currently in design phase.
The ATCA backplane provides data connection among
FECs and power.
Different chassis sizes up 14
slots are available.

16xGTX
2xDTC
CLK and trigger distribution
Power management

Power management

CLK and trigger distribution

ZONE
ZONE
2 2

ZONE
ZONE
3 3

2-Slot
ATCA chassis

ADC
card

Inter-slot connection
(56xLVDS, 4xGTX)

ZONE
ZONE
1 1

SODIMM
SODIMM

SODIMM
SODIMM

ATCA

DTC12 mezzanine

DDR3
DDR3

DDR3
DDR3

FEC

12xDTC links

FPGA
FPGA
A A

Spartan-6FPGA
FPGA
Spartan-6

Virtex-6
Virtex-6

SLX9
SLX9

VLX240T
VLX240T

B B

Virtex-6
Virtex-6
VLX240T
VLX240T

ATCA chassis

Mezzanines
Mezzanines

RTM module

5xDATA_PORT
5xDATA_PORT
10xLVDS
10xLVDS
9xGTX
9xGTX
1xCLK
1xCLK
16xGPIO
(2.5V
LVCMOS)
16xGPIO
(2.5V
LVCMOS)
Power
Supply
Power
Supply
Control
Control

MEZZANINE
MEZZANINE
A A

MEZZANINE
MEZZANINE
B B

ATCA
FEC

READOUT AND DAQ ARCHITECTURE
For the NEW DAQ system, up to two and a half ATCA-FECs are needed to read out the detector energy and tracking planes. Specific adapter mezzanines have been developed to interface the PMT and SiPM front-end electronics. Each ATCA-FEC interfaces the PC side via
4 GbE links over optical fibre.
Reading out the tracking plane, which consists of close to 1800 sensors laid out with a 1-cm
pitch in twenty-eight 64-SiPM boards [6], requires one and a half ATCA-FEC and a total of
three digital interface mezzanines. The energy plane (12 PMTs) is read out via an ADC mezzanine plugged onto half ATCA-FEC module. DTC links connect ATCA-FECs to the Trigger
Module as well as to the front-end boards.
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Front-end electronics work in push mode, it stores continuously incoming data in a circular buffer (up to 3.2 ms)
and reads out it when a trigger accept is received. A double buffer architecture allows the reduction of the dead
time. Buffers are implemented in the DDR3 memory. The ATCA-FEC in the energy plane also generates trigger
candidates, based on the early energy estimation of the events received.
There are 3 DAQ modes: Raw data mode; Normal Mode 1 (event discrimination is used, considered “normal events”
are sent zero-suppressed, and “interesting events” in raw mode); Normal Mode 2 (similar to Normal Mode 1, but the
double buffer is only used for “interesting events”, reducing only the dead time for this type of events).
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The Trigger Module (half ATCA-FEC) receives trigger candidates, implements a re-configurable trigger algorithm on
FPGA and sends trigger accept commands to the DAQ Modules [7]. A NIM input in the RTM module allows external
triggers if needed.
The described system has been tested and validated in a small setup with a Trigger Module and 2 ATCA-FECs connected to 12 PMTs and 12 SiPM front-end boards. A setup with the DAQ for the energy plane has been recently running in the Canfranc Underground Laboratory in Spain.
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