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Sensors : The SiPM-on-Tile Technology
● SiPM-on-tiles consist of individually wrapped plastic scintillator tiles read out by silicon photomultipliers 

(SiPM)
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Introduction to the CMS HGCAL
● The CMS end-cap calorimeter will be replaced in view of the phase II LHC upgrade to cope with the increased pileup and radiation damage due to the high luminosity. The new detector will be a 

5D (imaging) calorimeter using particle flow operating at -30°C

● Absorbers:

● The active volume will be instrumented with two technologies depending on the radiation level:

● Scintillator section
• Consisting of trapezoidal plastic scintillators read out using 

silicon photomultipliers (SiPM-on-tiles)

• In region where expected fluence at end of life is below 
5x10¹³ n/cm² (Outer HCAL region) 

● Ensures S/N > 3 for minimum ionizing particles (MIPs) 
throughout the detector lifetime

• The cells increase in size radially from the beamline

• More than 240,000 SiPM-on-tiles covering 370 m² area

Detection Principle

Low-intensity LED

● Eight Tilemodule Types including 
35 variants

● 21 scintillator tile sizes

● 23 mm to 55 mm side length

● Two SiPM sizes 

● 4mm² SiPMs 

● 9mm² SiPMs

HGCAL Tilemodules

Front-End Electronics

● HGCROC: 

● Reads out the SiPM-on-tiles on the 
Tilemodule

● ECON-D:

● Receives data from HGCROC

● Concentrates data and sends to LpGBT

● ECON-T:

● Receives trigger data from HGCROC

● Concentrates data and sends to LpGBT

● LpGBT:

● Transmits data to back-end via VTRx+

● Distributes clock, fast commands and 
configurations to the front-end electronics 

● VTRx+: 

● Optically sends and recieves signals from 
the back-end

SiPM-on-Tile Section Layout

● Silicon detector section
● Consisting of hexagonal silicon sensors

● Where expected fluence at end of life is above 
5x10¹³ n/cm²

● Covers the ECAL and innermost part of the 
HCAL

● The cells vary in size depending on its location 
in the calorimeter

● More than 6 000 000 silicon sensors covering 
620 m² area

The HGCAL Scintillator Section

● The basic detector module in the SiPM-on-tile section

● Consists of a PCB, HGCROC, SiPMs, scintilators and other on-
board electronic systems

● Most tileboards will hold one HGCROC
 

● HGCROC can reads out up to 72 channels simultaneously

● Each individual SiPM-on-tile is equipped with a low intensity LED 
used for calibration

Tilemodule Production and Assembly
● Tilemodule production for the final detector to begin early 2024

● Tilemodules will be produced and assembled at DESY (Hamburg) and Fermilab (FNAL) (USA)

● Final assembled end-caps to be lowered into the CMS cavern in August 2027 

Tileboard Assembly
• DESY : In-house production (30/day)
• USA  : Commercial supplier 

Tileboard Assembly
• DESY : In-house production (30/day)
• USA  : Commercial supplier 

Printed Circuit Board
• Industrial Production

Printed Circuit Board
• Industrial Production Tileboard 

Quality Control
Tileboard 

Quality Control

SiPMs
• Hamamatsu Photonics K.K.

SiPMs
• Hamamatsu Photonics K.K.

Other Electronic 
Components on Tileboard

Other Electronic 
Components on Tileboard

Scintillator Tiles
• FNAL and North Illonois 

University (NIU)
• ISMA (Kharkiv)

Scintillator Tiles
• FNAL and North Illonois 

University (NIU)
• ISMA (Kharkiv)

Reflector Foil
• Off-the-shelf product

Reflector Foil
• Off-the-shelf product

Kapton Stickers
• Custom-made commercial 

parts

Kapton Stickers
• Custom-made commercial 

parts

Reflector Foil Cutting
• Programmable cutting tables
• 1500/day per assembly site

Reflector Foil Cutting
• Programmable cutting tables
• 1500/day per assembly site

Scintillator Tile wrapping
• Custom-built Machines
• 1500/day  per assembly site

Scintillator Tile wrapping
• Custom-built Machines
• 1500/day  per assembly site

Wrapped tile 
Quality Control
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Tilemodule assembly
• Pick-and-Place machines 

at FNAL and DESY

Tilemodule assembly
• Pick-and-Place machines 

at FNAL and DESY

Tilemodule 
Quality Control

Tilemodule 
Quality Control
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P i c k  a n d  P l a c e  M a c h i n e

T i l e  A s s e m b l y

• P i c k - a n d - P l a c e  m a c h i n e  i n s t a l l e d  i n  N o v e m b e r  2 0 2 0  i n  t h e  D e t e c t o r  
A s s e m b l y  F a c i l i t y  a t  D E S Y

• S o  f a r  t e s t  a s s e m b l i e s  o f  d u m m y  b o a r d s  - >  s l i g h t  i m p r o v e m e n t s  i n  
a s s e m b l y  p r o c e d u r e

|  D e v e l o p m e n t  o f  S i P M - o n - T i l e  M o d u l e s  f o r  t h e  C M S  H G C A L  |  M a l i n d a  d e  S i l v a  |  C A L I C E  C o l l a b o r a t i o n  M e e t i n g  -  V a l e n c i a  |  2 2 n d  A p r i l  2 0 2 2

S e t u p  b u i l d  o n  d e v e l o p m e n t s
b y  U n i  M a i n z  f o r  A H C A L

Scintillator Tile Production (FNAL)
Injection-moulded tile production station

Tilemodule Assembly
Pick-and-Place machine at DESY 

TAC status

Both DESY and NIU/FNAL TACs are gearing up to exercise the workflow of wrapping 
and module assembly. 

• Wrapping machine tooling must expand in 2022 to adapt to the full range of 
tile sizes. 

• Sharing of tile module production in 2022 needs further discussion, eventually 
modules from both sites should be exposed to the various test environments. 

• Vigorous development of QC program finally underway, after substantial 
COVID delays, at DESY by Russian groups.
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Tile Wrapping
Wrapping station at DESY

     Tile size after wrapping 
   

Quality Control

Tile Performance Measurement using 
90Sr Source and LED System
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Tests of Tileboards and Tilemodules

Cold Test
• Tileboards and Tilemodules will be tested at -40º
• LED test in dedicated climate chamber

Cosmic Test Stand
• All Tilemodules will be tested with cosmics
• Plan 2 test stands for 8-10 tilemodules each to follow 

production speed

For Quality Control

| Development of SiPM-on-Tile Modules for the CMS HGCAL | Malinda de Silva | CALICE Collaboration Meeting - Valencia | 22nd April 2022

T= -40oC

Cold Test using
Climate Chamber

Document scanner 600 dpi OpenCV 
image software 

LED based SiPM Quality Control Setups 
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B a s i c  S e t u p

C o s m i c  T e s t  S t a n d

● T w o  t r i g g e r  s c i n t i l l a t o r s  c o n n e c t e d  t o  p h o t o m u l t i p l i e r s  
g i v e  t h e  t r i g g e r  n e e d e d  f o r  d a t a  a c q u i s i t i o n .

● T w o  s e g m e n t e d  l a y e r s  m o u n t e d  d i r e c t l y  n e x t  t o  t h e  
t r i g g e r  s c i n t i l l a t o r s  p r o v i d e s  t h e  s p a t i a l  i n f o r m a t i o n  o f  
t h e  t r i g g e r e d  c h a r g e d  p a r t i c l e .

– T h i s  i n f o r m a t i o n  c a n  b e  u s e d  a s  a n  e s t i m a t e  o f  
t h e  c h a n n e l s  w h i c h  s h o u l d  h a v e  a  s i g n a l  o n  e a c h  
t i l e  b o a r d  

● E i g h t  t i l e  b o a r d s  p l a c e d  b e t w e e n  a r e  t e s t e d  i n  p a r a l l e l

– T o  b e  p l a c e d  ( 1 0  c m ? )  a p a r t  f r o m  e a c h  o t h e r

● T w o  t o  t h r e e  s u c h  s e t u p s  c a n  b e  s e t  u p  t o  r u n  i n  
p a r a l l e l  

● E a c h  t i l e b o a r d s  w i l l  n e e d  t o  b e  o p e r a t e d  f o r  a b o u t  2  
d a y  t o  g e t  e n o u g h  s t a t i s t i c s  f o r  a l l  c h a n n e l s .  

– T h e  q u o t a  o f  1 6 0  t i l e b o a r d s  t e s t e d  p e r  m o n t h  i s  
a c h i e v a b l e  

Cosmic Test Stand

Thermal cycling of 
Tilemodules before and 
after assembly

Performance test with 
Tilemodules
● Using Cosmic muons
● Using onboard LED system

Setup at NIU 
(USA)

dI
/I.
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Bias Voltage [V]SiPM linearity and breakdown voltage measurement 

Setup at CERN

SiPMs consists of 
thousands of single photon 
avalanche diodes (SPAD) 
working in Geiger-Mode

SiPM

Single Photon Spectra
SiPM gain = separation between peaks

MIP spectra
MPV = fit maximum

Simultaneous 
measurement of 
● SiPM gain 
● Most probable value 

of MIP spectra 
to calculate the light 
yield of the scintillator

CMS preliminary

CMS 
preliminary

SiPM Pulse Amplitude [ADC]

CMS preliminary

SiPM Pulse Amplitude [ADC]

● Cu, CuW and Pb absorbers in the electromagnetic calorimeter (ECAL) covering 27.7X
0
 or 1.5λ ●  Steel absorbers in the hadronic calorimeter (HCAL) covering about 8.5λ 

● GBT-SCA: Responsible for all slow control tasks on the Tilemodule

● ALDOV2  : Voltage regulator chip for SiPMs on the Tilemodule 
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