
➢ Buck Point of Load converter (bPOL):
DC/DC buck converter. Converts 12V input to 2.5V output 
required by components on the tileboard. 
➢ High Granularity Calorimeter Read Out Chip (HGCROC):
Responsible for analogue to digital conversion (ADC). 
Acquires analogue signal from detector, amplifies it, and 
converts the signal to digital for output and analysis.
➢ Analogue Low Dropout Regulator (ALDO): 
Voltage regulator that supplies stable power to the HGCROC. 
Minimizes electrical noise. 
➢ Gigabit Transceiver - Slow Control Adaptor (GBT SCA):
Configures front end electronics. Bridges communication 
between back end and front end electronics. Receives and 
outputs digital signal from HGCROC.
➢ Low Dropout Regulator (LDO):
Voltage regulator that removes ripple and noise from BPOL 
output.
➢ Chicken Feed:
Supplies and regulates voltage to surrounding 4 SiPMs.
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Test Procedures 

LED Test: Dead or alive check
➢ SiPMs have a baseline noise.
➢ The SiPMs are supplied with bias voltage 

and the LED adjacent to each SiPM 
flashed to check for a resultant signal 
above baseline noise.

ToA & ToT Tests: Parameterization of 
the time of arrival (ToA) and time 
over threshold (ToT) for reference in 
analyzing data.

➢ Toy pulses are injected into each 
SiPM to simulate photon collection. 
Pulses increase in size with time 
and are fit into bins.

➢ ToA Test: Plots the time at which 
the pulse first crosses a designated 
threshold value for the increasing 
pulse sizes.

➢ Curves are collected, averaged, 
and aligned for all SiPMs to create 
a reference ToA plot.

➢ ToT Test: Plots the width of the 
pulse between where it first and 
last crosses the given threshold. 
The ToT curves are aligned in a 
similar procedure as ToA.

➢ The energy of a detected event 
can be determined by referencing 
the curves.

Board Reception: 
➢ The tile boards are produced by Piranha Electronic Manufacturing 

Services and then shipped to UMD.
➢ Once received, tile boards are assigned serial numbers and undergo 

visual inspection of both sides to search for damage with special focus 
placed on the Silicon Photomultipliers (SiPMs), the optical devices that 
collect scintillation light.

Efficiency Upgrades: 
➢ The cold and warm tests will be consolidated together to save time and 

increase efficiency.  This will increase output rate from 40 to 60 boards per 
week.

Tile Boards

Results

➢ SiPMs: Use the photoelectric effect to produce an 
avalanche current after photon detection. 

➢ Photons detected by SiPMs are produced by attached 
scintillators.

➢ Provide gain of approximately 3.5×105 electrons per 
photon.

➢ The readout current is routed to the HGCROC.

HGCROC Side:
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TOA Graphs: 
➢ ToA graphs occasionally have outliers, likely 

caused by a software issue causing bin-overflow 
errors.

➢ These boards will be further monitored; DESY and 
Fermilab will be contacted for assistance.

Cold Tests: 
➢ A truncated version of the room 

temperature tests is repeated at -30° C, 
the temperature of operation of the 
HGCAL detector.

➢ Only LED and pedestal tests analyzed, 
focus is put especially on noise values.

Average ADC Signal per Channel

Zeroed Pedestal Values

Results of Quality Control Tests: The current test procedure ensures that the tile 
boards can be used for the HGCAL detector, which will operate from 2031 to 2042.

➢ The pedestal tests show consistent success in eliminating noise and 
bringing pedestal values to the desired baseline.

➢ The ToA and ToT tests generally provide good parameterizations with few 
outliers. Most tested boards are adequately prepared for data collection 
and analysis using the curves.  

➢ Approximately 10% of the boards necessary for the CMS upgrade have 
been tested and shipped to Fermilab, current testing rates match the rate 
of production (40 tileboards per week).

ToT Curves for each SiPM

ToA Curves for each SiPM
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Quality Control Tests: 
Pedestal Test: Zeroing the SiPMs
➢ Toy pulses of constant size are sent through the 

backend into the SiPMs.
➢ The ADC output value from each pulse is sorted into 

a histogram for each channel. 
➢ The histogram values are averaged to 

determine an overall pedestal value for 
the channel.

➢ An offset is determined as the 
difference between the target pedestal 
and the actual value. From this the 
slow control system gives new adjusted 
values by subtracting or adding to shift 
the baseline values to the standard. 

ADC Signal vs Time for one SiPM

The Compact Muon Solenoid (CMS) at CERN will be receiving upgrades in 
preparation for the HL-LHC upgrade, which will come online in 2031. The endcap 
calorimeters, which are the sections of the calorimeters most affected by 
radiation, will be replaced with new high-granularity calorimeters (HGCAL). These 
are composed of radiation-tolerant silicon modules and plastic scintillators 
installed on top of tile boards (TBs), which are assembled printed circuit boards 
(PCBs) that contain photosensors paired to plastic scintillator tiles. The focus of 
this project is to develop a framework to test and calibrate the electronic 
components installed on the TBs. Approximately 1,800 TBs will be tested by 2027 
Q1 and then assembled into the HGCAL detector. 

SiPM Side:

Improvements over Time: Since the project began in September 2024, there 
have been two types of improvements that have helped make the QC process 
more efficient. 

➢ Software: Previously, runners in the warm test code were run manually. 
This took more time than the current code which has been heavily adjusted 
to run completely on its own. 

➢ Hardware: Remote control of the low-voltage power supplies that feed the 
SiPMS and of the chiller has been implemented.

➢ The combination of these two improvements has decreased the run time 
from 2 hours to 45 minutes.


