@‘ ATL-TILECAL-PROC-2025-016
Y 11 November 2025

PROCEEDINGS

OF SCIENCE

An overview of the LVPS Test Station for the ATLAS
Tile Calorimeter Phase Il upgrade

Vongani Chabalala on behalf of the ATLAS Tile Calorimeter**

“School of Physics and Institute for Collider Particle Physics, University of the Witwatersrand,
Johannesburg, Wits 2050, South Africa

biThemba LABS, National Research Foundation,
PO Box 722, Somerset West 7129, South Africa

E-mail: vongani.cyril.chabalala@cern.ch

The Phase-II upgrade of the Tile Calorimeter (TileCal) in the ATLAS detector is a key step
toward supporting upcoming high-energy physics research and preparing CERN for the High
Luminosity Large Hadron Collider (HL-LHC). A major part of this upgrade focuses on enhancing
detector electronics through the use of radiation-tolerant, transformer-coupled buck converters,
known as Low-Voltage Power Supply (LVPS) boards. These units convert 200 V DC to 10 V
DC, ensuring stable power delivery to the detector systems. To validate their performance under
HL-LHC conditions, a specialized Test Station was developed in collaboration with the University
of the Witwatersrand and iThemba LABS. Given the critical placement of these boards within
the inner barrel of TileCal, a thorough performance screening and certification process has been
established. This involves testing each board using a custom-built test bench that records key
performance parameters, compares them with predefined benchmarks, and certifies compliance
before installation on the detector.
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1. Introduction

The Tile Hadronic Calorimeter (TileCal), positioned around the Liquid Argon (LAr) calorime-
ter, measures the energy of hadronic particles that escape the LAr system, capturing approximately
30% of the energy from particle jets. It plays a vital role in jet energy measurements, missing
transverse energy reconstruction, particle identification, and triggering [1]. As shown in Figure 1a,
TileCal consists of a central long barrel and end-cap barrels, forming four sub-detectors that cover
an inner radius of 2.28 m to an outer radius of 4.23 m, with pseudorapidity coverage up to 1.7.
Its design features alternating layers of steel and plastic scintillators, as shown in Figure 1b, where
particle interactions generate secondary showers. These showers produce photons in the scintillator
tiles, which are then converted into electrical signals proportional to the deposited energy [2]. The
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Figure 1: ATLAS calorimetry system including TileCal at CERN’s LHC [1, 2, 5].

ATLAS TileCal is built to operate throughout the High-Luminosity LHC (HL-LHC) era, from 2029
to 2041, during which it will experience radiation levels five to seven times higher than before due to
increased luminosity. This major upgrade supports an extensive physics program aimed at expand-
ing the frontiers of particle physics research. To meet these challenges, the upgrade plan includes
installation of new front-end and back-end electronics, integrating radiation-hardened components,
and replacing both the high voltage and low voltage power systems-including the Low-Voltage
Power Supply (LVPS) boards that takes a high-voltage input (200 V DC) and converts it to a lower
voltage output (10 V DC)-along with structural enhancements. Furthermore, active dividers will
be added to all photomultiplier tubes (PMTs), and approximately 10% of the PMTs will be replaced
to ensure stable and reliable performance throughout the HL-LHC operation [1, 2, 3].

2. LVPS Board design overview

Figure 2 presents the upgraded LVPS board developed for the TileCal system, with a total of
2,048 units scheduled for installation. The design represents a refined custom development, evolved
through several iterations to meet the demanding requirements of the HL-LHC environment. The
upgraded boards share a common design, enabling efficient mass testing and production. They
feature improved radiation hardness, compact dimensions matching the LVPS layout, magnetic
field stability, and efficiency above 80%. Each unit provides a consistent output of 10 V DC at
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(b) A detailed circuit diagram of the LVPS

(a) Diagram showing the different parts and connections of the LVPS board displaying all the assembled compo-

Board’s electrical system nents.

Figure 2: Circuit diagram of the LVPS board showing all components and electrical connections.

2.3 A, regulated by the LT1681 controller from Analog Devices. This controller utilizes pulse-width
modulation (PWM) at a frequency of 300 kHz and drives a pair of MOSFETs that switch alternately,
managing current flow through the transformer to ensure efficient energy transfer between the
primary and secondary windings [2, 3]. On the transformer’s secondary side, a buck converter
produces a stable DC voltage, which is smoothed by an LC filter to minimize ripple and electrical
noise. Output regulation is managed via opto-isolators, which maintain electrical isolation while
conveying feedback signals to the controller by converting electrical signals into light and back.
Current is monitored using two shunt resistors, with their voltage drops also sent through opto-
isolators to the controller. Precise regulation and remote adjustment are further supported by a
reference voltage from the LVPS box and the Embedded Local Monitoring Board (ELMB) [2].
The board incorporates three protection mechanisms to safeguard the system. On the primary side,
Over-Voltage Protection (OVP) and Over-Current Protection (OCP) are specifically tuned for the
application. Over-Temperature Protection is built into the LT1681 chip, which monitors the low-side
MOSFET and disables the board if temperature limits are exceeded. Additional monitoring circuits
provide real-time status to the ELMB, which can also initiate a shutdown. The ELMB oversees two
critical thermal points - near the LT1681 and the output stage - enhancing thermal management and
overall system safety [2, 4].

3. LVPS Test bench and Quality Assurance (QA)

An upgraded test station was jointly developed by the University of the Witwatersrand and
iThemba LABS to ensure the performance and reliability of the new TileCal LVPS boards. The
station rapidly evaluates multiple performance metrics, featuring a 200 V DC power supply for
precise power delivery, an oscilloscope for signal analysis, and a DAQ system to record and process
electrical and physical signals. The LVPS board is mounted on a metal case for support, with
an interface board connecting the DAQ system to measurement instruments and a dummy load,
simulating real operating conditions. LabVIEW software manages the setup and reads out the
necessary evaluation parameters, as shown in Figure 3 [2]. The LVPS boards, partly sourced from
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Figure 3: Block diagram of the test station used for QA of the LVPS boards [2].
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Figure 4: The LabView test panel display.

industry based on production needs, are assembled there and undergo rigorous testing to ensure
high quality before delivery to CERN. The process includes automated visual inspections to detect
manufacturing defects, X-ray imaging to identify potential solder voids near critical components,
and preliminary testing to verify baseline performance, protection circuits, and operational behavior.
Burn-in is a reliability test where LVPS boards are operated under elevated thermal and electrical
stress for an extended period (8 hours) to expose early-life failures and ensure long-term stability.
Boards then undergo burn-in under thermal and electrical stress to identify early-life failures,
followed by final tests confirming stability and detect any degradation. Only units that meet all
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qualification criteria are shipped for integration into the TileCal detector. Testing focuses on key
parameters such as the 10 V DC output-voltage (Vo) and the Over-Voltage Protection (OVP), which
safeguards both the LVPS and connected electronics from excessive current [2, 3]. As shown in
Figure 4, the LabVIEW test panel displays all required tests, with each board individually tested
for 10 minutes. Any failure results in the board being rejected, and only fully passing units are
approved for shipment to CERN.

4. Pre-production results

Each LVPS board underwent initial and final testing, with each tests lasting approximately
10 minutes. Data collected during these tests were recorded and analyzed. Figure 5 shows the
output-voltage and OVP results for all boards that passed the initial evaluation, burn-In, and final
assessment. The tests confirmed that all boards successfully converted the 200 V DC input to the
expected 10 V DC output. The output voltage (V) and OVP behavior were consistent across all
units, with the OVP threshold scaling correctly with the number of boards, demonstrating proper
functionality and effective protection.
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Figure 5: Evaluation results for LVPS boards: (a) output-voltage (Vo) and (b) OVP threshold.

5. Conclusion

The upgraded LVPS system for the Tile Calorimeter, part of the ATLAS Phase-II upgrade,
provides stable 10 V power from a 200 V input with integrated protections and monitoring for
reliable operation in the High-Luminosity LHC environment. To ensure quality and performance,
the University of the Witwatersrand and iThemba LABS developed a dedicated automated test
station that evaluates all critical metrics during initial and final testing, including a burn-in phase to
detect early failures. Pre-production testing confirmed that the LVPS boards consistently met design
specifications, maintaining output-voltage (V,y) and effective Over-Current Protection. Boards
passing these tests were qualified for integration, marking a key milestone in preparing TileCal for
high-luminosity operations.
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