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Motivation
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● SiPM-on-tile technology involves a scintillator tile placed on a 
SiPM to work as an active medium and sensor. 

● Scintillator is placed on top of the SiPM
○ Possible for scintillator to be not aligned perfectly on 

the SiPM

● Objectives of tests
○ Understand impact of misalignment of the SiPM on the 

tile 
○ Explore further improved SiPMs



Uniformity Test - Experimental Setup
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● Scintillation tile is clamped and precisely 
placed on top of SiPMs

● Electrons from Sr-90 source scan the tile 

● Electrons detected at trigger SiPM/scintillator 
triggers data collection 

● Oscilloscope sampling rate = 1.25 GHz 
(Oscilloscope sampling interval = 800 ps)

● Test done in a climate controlled 20o C 
environment

● Scan of 30x30 mm2 square area 
○ at 2 mm steps => ~16 hours
○ at 1 mm steps => ~32 hours
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Uniformity Test - Analysis
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● 5000 captures for 1pe signals are taken
○ Pedestal subtracted integral of signals obtained
○ Using a Gaussian fit around the median, mean value of fit 

is taken as signal

● Trigger threshold of ~7pe triggers data taking from SiPMs
○ 1000 captures taken from each point
○ Pedestal subtracted integral of signals obtained
○ Signals with too low integral values rejected
○ Signals above 97th percentile rejected (remove the tail)
○ Using a Gaussian fit, mean value is taken as signal
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Non-uniformity Study with Scintillator 
Tiles



Scintillator Tiles Tested
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● All tiles are of 3 mm thickness
● Tiles tested using Hamamatsu S13360-1325PE SiPM

Square Polystyrene Tile
30 mm length 

Square BC-408 Tiles
-20 mm length
- 30 mm length 
- 40 mm length

Tile of CALICE AHCAL technological prototype
Tiles produced and wrapped 

at Max-Planck-Institut, Munich

Hexagonal BC-408 Tile 
- 14 mm edge length
- 21 mm edge length
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Rhomboidal BC-408 Tile 
- 24 mm edge length



Impact of Misalignment

7

● Methodology 
○ Shift of scintillator tile position in 100 um steps in x and y directions and compare light yields

○ Calculation of misalignment in position 
■ G
■

○ Calculation of Light yield (LY) asymmetries 
■ F ■ jJ
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Impact of Misalignment
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● Methodology 
○ Shift of scintillator tile position in 100 um steps in x and y directions and compare light yields

○ Calculation of misalignment in position 
■ G
■

○ Calculation of Light yield (LY) asymmetries 
■ F ■ jJ



● Average Light Yields taken from 2 square tiles

Average Light Yield vs Misalignment in Squares
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● Average Light Yields taken from Hexagon and Rhombus tiles

Average Light Yield vs Misalignment in Hexagons and Rhombuses
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Average Light Yield -  variation with size
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For tile 1

Average Light yield

Average     = 18.841 +/- 0.023  p.e.

Average     = 24.579 +/- 0.024  p.e.

Average     = 21.710 +/- 0.022  p.e.

For tile  2

For tile 1

Average Light yield

Average     = 31.782 +/- 0.059 p.e.

Average    = 33.401 +/- 0.040 p.e.

Average    = 32.592 +/- 0.036 p.e.

For tile 2

Average

For tile 1

Average Light yield

Average     = 18.949 +/- 0.018  p.e.

Average     = 17.098 +/- 0.035  p.e.

Average     = 18.023 +/- 0.020  p.e.

For tile  2

Average
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Impact of Misalignment on Light Yield Uniformity
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● Observations
○ As calliper pushes the tile towards the dimple center, light yield asymmetry decreases

Misalignment ~ 0

x=0 mm, y=0 mm x=0 mm, y=-1.5 mmx=0 mm, y=-0.5 mmx=-0.3 mm, y=+0.2 mm

x=0 mm, y=0 mm x=+0.1 mm, y=-1.0 mmx=+0.1 mm, y=+0.6 mmx=+0.1 mm, y=0 mm
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● Changes in light yield asymmetry in top-bottom halves and right-left halves observed as y position changes

Light Yield Asymmetry vs Position in y direction
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Light Yield Asymmetry vs Position in x direction
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● Changes in light yield asymmetry in right-left halves and top-bottom halves observed as y position changes



● Normalised LYasym = light yield asymmetry/average light yield

Normalised Light Yield Asymmetry in Square Tiles
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Normalised LYasym vs Position -  variation with size
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For tile 1

Normalised Light yield Gradient

Gradient    = - 0.091 +/- 0.005

Gradient    = - 0.087 +/- 0.006

Gradient    = - 0.089 +/- 0.004

For tile 2

LYasym Average

For tile 1

Normalised Light yield Gradient

Gradient    = - 0.124 +/- 0.005

Gradient    = - 0.130 +/- 0.008

Gradient    = - 0.127 +/- 0.005

For tile 2

LYasym Average

For tile 1

Normalised Light yield Gradient

Gradient    = - 0.070 +/- 0.003

Gradient    = - 0.062 +/- 0.006

Gradient    = - 0.066 +/- 0.003

For tile 2

LYasym Average
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20 mm

30 mm

40 mm



Normalised LYasym vs Position -  variation with size
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Normalised LYasym vs Position -  variation with size

For Squares:

where: L = length of a side
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Normalised LYasym vs Position -  variation with material
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LYasym 1

Normalised Light yield Gradient

Gradient    = - 0.093 +/- 0.004

Gradient    = - 0.087 +/- 0.006

Gradient    = - 0.089 +/- 0.004

LYasym 2

LYasym Average

LYasym 1

Normalised Light yield Gradient

Gradient    = - 0.104 +/- 0.004

Gradient    = - 0.113 +/- 0.007

Gradient    = - 0.109 +/- 0.004

LYasym 2

LYasym Average
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polystyrene

BC-408



Normalised LYasym vs Position in Hexagon
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● Normalised LYasym = light yield asymmetry/average light yield

x directiony direction



Normalised LYasym vs Position -  variation with dimensions
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y-axis 

Normalised Light yield Gradient

Gradient    = - 0.121 +/- 0.008

Gradient    = - 0.105 +/- 0.005

y-axis 

Normalised Light yield Gradient

Gradient    = - 0.077 +/- 0.005

Gradient    = - 0.068 +/- 0.003x-axis 

x-axis 



Normalised LYasym vs Position -  variation with dimensions
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For Hexagons:

where: L = length towards to side of movement
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y-axis 

Normalised Light yield Gradient

Gradient    = - 0.121 +/- 0.008

Gradient    = - 0.105 +/- 0.005

y-axis 

Normalised Light yield Gradient

Gradient    = - 0.077 +/- 0.005

Gradient    = - 0.068 +/- 0.003x-axis 

x-axis 



Normalised LYasym vs Position in Rhombus
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● Normalised LYasym = light yield asymmetry/average light yield

x directiony direction



Study on the 
new HDR2 Hamamatsu SiPMs



Hamamatsu S14160 MPPCs in Comparison
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● New generation of MPPCs (HDR2 prototype) => high dynamic range

● Hamamatsu S13360-1325PE - specs

○ Effective photosensitive area = 1.3x1.3mm2

○ 25μm pitch = 2,668 cells
○ Breakdown Voltage = 53 V (20o C)
○ Gain = 7.0 × 105

● Hamamatsu S14160 MPPC series - specs
○ Effective photosensitive area = 1.3x1.3mm2

○ Breakdown Voltage = 38 V (20o C)

○ S14160-1310PS
■ 10μm pitch = 16,675 cells (   ~6 x dynamic range)
■  Gain = 1.8× 105

○ S14160-1315PS 
■ 15μm pitch = 7,296 cells    (~2.5 x dynamic range)
■ Gain = 3.6× 105

S13360-1325PE 
S14160-1315PS S14160-1310PS
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Comparison of SiPMs using Polystyrene Tile
● Test done in a climate controlled 25o C environment using manufacturer supplied SiPM breakdown voltages (Vbr) 
● Using CALICE AHCAL square polystyrene tile 
● Newer SiPMs require an additional signal amplifier: lower gain due to smaller pixel capacitance
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Comparison of SiPMs using Polystyrene Tile
● Test done in a climate controlled 25o C environment using manufacturer supplied SiPM breakdown voltages (Vbr) 
● Using CALICE AHCAL square polystyrene tile 
● Newer SiPMs require an additional signal amplifier: lower gain due to smaller pixel capacitance

● 15 um pitch SiPM gives light yields comparable 
to current SiPM in use in AHCAL.

● Correlation of PDE within new series 

● No well correlation with PDE between old and 
new series
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New SiPM with 10 um pitch

New SiPM with 15 um pitch

Current SiPM in use in AHCAL 
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Comparison of SiPMs using BC408 Tile
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New SiPM with 10 um pitch

Current SiPM in use in AHCAL 

New SiPM with 15 um pitch

● Test done in a climate controlled 25o C environment using manufacturer supplied SiPM breakdown voltages (Vbr) 
● Using CALICE AHCAL square polystyrene tile
● Newer SiPMs require an additional signal amplifier: lower gain due to smaller pixel capacitance 

● 15 um pitch SiPM gives light yields comparable 
to current SiPM in use in AHCAL.

● Correlation of PDE within new series 

● No well correlation with PDE between old and 
new series

● Higher light yield in BC-408 tiles also observed
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Effects of After-pulsing and Crosstalk in SiPMs 
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● Factors affecting results
○ Pct = Probability of direct crosstalk => Improved by ~ 1 % in 10 um pitch SiPM at Vbr+6V
○ Pap = Probability of Afterpulsing
○ Pd = Probability of delayed crosstalk => Improved by ~ 7 % in 10 um pitch SiPM at Vbr+6V
○

●

Malinda de Silva CALICE Meeting - CERN 30th Sept - 2th Oct 2019



Effects of After-pulsing and Crosstalk in SiPMs 

32

● Factors affecting results
○ Pct = Probability of direct crosstalk => Improved by ~ 1 % in 15 um pitch SiPM at Vbr+6V
○ Pap = Probability of Afterpulsing
○ Pd = Probability of delayed crosstalk => Improved by ~ 7 % in 15 um pitch SiPM at Vbr+6V

Malinda de Silva CALICE Meeting - CERN 30th Sept - 2th Oct 2019



Comparison of SiPMs using BC408 Tile
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New SiPM with 10 um pitch

Current SiPM in use in AHCAL 

New SiPM with 15 um pitch
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Comparison of SiPMs using BC408 Tile
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New SiPM with 10 um pitch

Current SiPM in use in AHCAL 

New SiPM with 15 um pitch Difference between expected light output and observed reduced at Vbr+5V 
from ~13 % to ~4 % 
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Comparison of SiPMs using BC408 Tile
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New SiPM with 10 um pitch

Current SiPM in use in AHCAL 

New SiPM with 15 um pitch Difference between expected light output and observed reduced at Vbr+5V 
from ~13 % to ~4 % 
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A deviation still exists which is under investigation using a cosmic test setup instead of the scanning setup



Conclusions
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● Misalignment of SiPM and scintillator tile center
○ Negligible impact on the average light yield.
○ Average light yield appears to scale with tile size.

○ Misalignment has a linear impact on non-uniformity.
○ Non-uniformity gradient appears to scale with tile lengths for square and hexagonal tiles

○ Insufficient information on rhombus tiles to draw conclusions on gradient patterns

●  Comparison of silicon photomultipliers
○ Hamamatsu S14160-1315PE exhibits same light yield as S13360-1325PE for 2.5 x increased dynamic 

range.
○ Manufacturer supplied photon detection efficiencies correlated well with measured average light yields 

for newer Hamamatsu S14160 series SiPMs.
○ Deviation in average light yield in S13360-1325PE from manufacturer given photon detection efficiency

■ Mostly due to a reduction in crosstalk and after-pulsing in newer SiPMs.
■ A minor deviation still exists which is under investigation using a cosmic test setup instead of the 

scanning setup.
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● Misalignment of SiPM and scintillator tile center
○ Negligible impact on the average light yield.
○ Average light yield appears to scale with tile size.

○ Misalignment has a linear impact on non-uniformity.
○ Non-uniformity gradient appears to scale with tile lengths for square and hexagonal tiles

○ Insufficient information on rhombus tiles to draw conclusions on gradient patterns

●  Comparison of silicon photomultipliers
○ Hamamatsu S14160-1315PE exhibits same light yield as S13360-1325PE for 2.5 x increased dynamic 

range.
○ Manufacturer supplied photon detection efficiencies correlated well with measured average light yields 

for newer Hamamatsu S14160 series SiPMs.
○ Deviation in average light yield in S13360-1325PE from manufacturer given photon detection efficiency

■ Mostly due to a reduction in crosstalk and after-pulsing in newer SiPMs.
■ A minor deviation still exists which is under investigation using a cosmic test setup instead of the 

scanning setup.

Thank you for your attention!
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Backup - Photon Response of SiPMs
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S13360-1325PE

● Peak wavelength = 450 nm
● Cross talk probability = ~1 %

● Peak wavelength = 460 nm
● Cross talk probability < 1 %
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Backup - Analysis plots
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● Example plot of light yields fitted as Gaussian 
● Trigger threshold of ~7pe triggers data taking 

from SiPMs

○ 1000 captures taken
○ Pedestal subtracted integral of signals 

obtained
○ Signals with too low integral values 

rejected
○ Signals above 97th percentile rejected 

(remove the tail)

○ Using a Gaussian fit, mean value is taken as 
signal
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