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PSD13 ”?

=>< Silicon Photomultipliers (SIPMs) pa—r—
« Silicon Photomultiplier (SIPM):

large-area, solid-state, single-photon sensitive detectors,
with ph.-number resolution, and large dynamic range.

« Applications: medical imaging, high-energy physics,
biotech, LIDAR, diffuse optics, others.

« Active areas: 1x1 mm? up to 10x10 mm?
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FBK SiPMs technologies
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SIPM: large areas & pos. resolution

Array of scintillating crystals

! Matrix of SiPMs

1 SiPM: 1 output
(chip size: 1+4mm)
(pos. res.: 1+4mm)

SiPM array

Doi: 10.1016/j.nima.2017.02.016

« Small/med. size chips (no pos. resolution)
» Array position resolution: ~ chip size

« Many output channels (e.g. 8x8)
« Typ. ASIC readout (64 channels)

BN PSD13 "4

doi:10.1088/1361-6560/aaa707

1 SiPM: 4 output
(chip size: 8+10mm)
(pos. res.: <0.5mm)

Position-sensitive (PS) SiPM

« Large area chips with position resolution(<0.5mm)
* Reduced number of channels.

» Further #channels reduction techniques.
» Slightly complex production process.
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:’< SIPM: large areas coverage

SiPM array

Application: PET, SPECT, ...

Concept

Cooling
Block

MR Scanner GHamaty

Collimator

DOI: 10.1109/TRPMS.2019.2951355

-------

Hutcheson, “SiPM workshop” 2019; Murphy, doi: 10.1007/s10686-022-09842-z
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Position-sensitive (PS) SiPM

Application: small-animal PET

Communication
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'Detector Biasing circ.
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arXiv:2009.05086v2 DOI: 10.2967/jnumed.111.090464
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Position sensitive SIPM techﬁoﬁaés:w p——r—

(2) i-SiPM (3) Resistive-network (4) EQR Tetra-Lateral PS SiPM
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[3] )., PS., et al., IEEE Transactions on Nuclear Science, [5] Zhao, T, et al., IEEE Electron Device Letters, 2017.

[— —

[1] Omi_d}/ari, N. and V. Schulz,‘I‘EEE Transactions on

2] 1., S., et al. [EEE SENSORS. 2013. .
Nuclear Science, 2015. 62(3): p. 679-687. 2] 2014. 61(3): p. 1074-1083. 38(2): p. 228-231.

« “Sensitivity-encoding” or “interpolating” « Based on resistive-network « Based on common cathode
position-sensitive SiPM . Parasitic effects / signal shape and epitaxial quenching
- Based on scintillation light-sharing among might depend on SiPMs size resistor (EQR)
micro-cells or SiPM regions . Scaling: difficult * Limited freedom in cell-pitch
« Scaling: not straightforward and SIPM dimension

» Scaling: not straightforward
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_:< FBK approach : Linearly-graded (LG) SiPM pa—r—

LG-SiPM approach:

L o < - —
R © . )| I . icro-cell: . .
R R B[ Refl] Each micro-cell: 2 quen_chlng resistor
~ q g g $ - connected to 2 current dividers
- —I—Cl —l_cjn L—l_CZ —|—C:n-1
. « Every column (every row) of cells is
R connected to the same current divider
=
m! v « Current split between 2 outputs for the
X and Y current dividers I vertical position and 2 outputs for the
A horizontal position
Q'ﬁ =
= | |
e ecccsssodes BV » Difference between the currents flowing
e0ccccccssccies 5 through the two arms (amplitude or total
Seseeeeveve® O - charge) of the divider changes linearly
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» Single cell signal split into 4 outputs

i
— -11 R
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L , R =
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5 triggered cells
_
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i:t e o o center of mass calculation:
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\ . xok—h o _Tr—lp
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annel reaucton conrigurations

PSD13 ?

Std SiPM array

20x20 mm?

(pitch 1mm)
Approx. 400 ch.

30x30 mm?
(pitch 1mm)
Approx. 900 ch.

04-Sep-23

LG-SiPM: Std array readout

2x2 array

20x20 mm?2
16 ch.

3x3 array

30x30 mm?
36 ch.

LG-SiPM: Advanced #ch-reduction config.

2x2 array

PAVZIRUINEN Siill with nominal
6 ch. pos. res. <0.5mm

_ Ig—1,
Ip + Iymia +1;

X

_ Iy —Ip
It + Iymiq + 1

Y

3x3 array
c{O)EohnlnE Still with nominal
8 ch. pos. res. <0.5mm

X—IR+033 'IRmid_0-33 'ILmid_IL
Ig + Ipmia + Ipmia + 11

7 +0.33 - Ipypiq — 0.33 - Igpmiqg — I
It + Itmia + Ipmia + I
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FBK approach: Linearly-Graded (LG) SiPM p——T—
RGB HD LG-SIPM NUV—HD LG-SIPM
Chip nom. size: 8x8 mm?2 Chip Nom. size: 10x10 mm?
« Active area: 7.75%7.75 mm? * Active area: 9.75%x9.75 mm?
« Cell pitch: 20 pm « Cell pitch: 25 um
« Peak PDE: 550nm  Peak PDE: 420nm
« DCR: ~300 kcps/mm? @ V,,=5V « DCR: 30+60 kcps/mm? @ V=5V

2D-sensitive

10x10 mm?2

1D-sensitive 10x1.5 mm?2
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NUV-HD LG-SiPM: functional char

acteri

zation
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Position resolution tests: setup and devices

Climatic chamber
#2 ?Iynchronlzed 1chip (LG-SiPM) 4 ch.
oscilloscopes J :

~ Multich tras-imp.
amplifier

Fiber Collimator
+ Pinhole (200um)

Micro-positioning
a Stages
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= Pos. Res. tests: RGB-HD LG-SiPM p——
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Pos. Res. tests: RGB-HD LG-SIPM TILE 2x2

Area Histogram 1
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= Pos. Res. tests: NUV-HD LG-SiPM -

1chip (LG-SiPM) 4 ch.

LED: 410nm, ~200det.ph/pulse
Temp: 20°C, Vex: ~4.5V

SCAN:
Range: -4.5++4.5 mm,
Step 1.0mm
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aphydurg
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Pos. Res. tests: NUV-HD LG-SIPM _—r

Area Map 1 - Sel Area Map 1 - Sel

‘““5'_“'“"*' Int. Time = 100ns _— — Int. Time = 800ns =@ = Int. Time = 1200ns -1
1chip (LG-SiPM) 4 ch. o o [
L & ! s £ o §
2\105 LGio -0.4 -0.4 -0.4
. ] Pincushion Distortion Correction in Evaluation of Large-Area Silicon Photomultiplier Arrays
« Small pincushion effect on reconstructed map. Position-Sensitive Avalanche Photodiodes for Positron Emission Tomography Systems
o Worse When increasing integration t|me DOI: 10.1109/NSSMIC.2005.1596732 ‘ DOI: 10.3390/electronics10060698
(Note: no corrections in our measurements) ‘,‘__ ’ Unideal signal source output impedance and DPC
“-..!-._‘ , ’ ' ! ! s "l termination impedance are potential sources of the
- ‘.7" & & & : :‘_:': pincushion distortion and resolution degradation at the
. - . . L
- Might be related to parasitic inductances in the WAL edges and corners
¢ T - - - -
large-area SiPM chips, combined with non-zero oo e
arge- P : W e aum
input impedance of readout electronics. eSS aaee
::. "‘i“.-"’-%
&_4;} ‘ ’ “;%
» SPICE simulation will be performed to better i"’ *
understand the issue. ' ‘
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2 Pos. Res. tests: NUV-HD LG-SiPM TILE 2x2

Area Histogram 1

Tile 2x2 (LG-SiPM) 6 ch.

LED: 410nm, ~200 det.ph/pulse
Temp: 20°C, Vex: ~4.5V

SCAN:
Range: -10 + +10 mm,
Step 1.0mm

count
apryd g

1 1 1 1 1 1 1 1 1 1
100 200 300 400 500 600 700 800 200 1000
Photans
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NUV-HD LG-SiPM TILE 3x3 > coﬁmpact gamma camera s

POSICS-2 project

« POSICS aims at realizing a cheap, handle-able,
wireless, compact and light gamma camera,
for Radio-Guided-Surgery (RGS).

« Based on LG-SiPM 3x3 array
- reduced #channels
- low-power consumption

ﬁg’:gi'gM : ; « Breakthrough approach in the intra-operative practice,
' ' moving away from the current probe approach.

8 output channels

- 3( FONDAZIONE UNIVERSJTE l ‘ Doversiaires
BRUNO KESSLER DE GENEVE

Genéve
FUTURE BUILT -
ON KNOWLEDGE FACULTE DES SCIENCES

https://attract-eu.com/wp-content/uploads/2022/07/ATTRACT-RDI_POSICS-2-project.pdf
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LED: 410nm, ~400 det.ph/pulse
Vex =4V

SCAN:
Range: -14.25 + +14.25 mm, Step 1.5mm )
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Area Map 1 - Sel
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NUV-HD LG-SIPM TILE 3x3 = compact gamma camera i
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Conclusions

 We developed and improve the FBK LG (position sensitive) SiPM technology
— New NUV-sensitive large-area (10x10mm?) devices
— 1D and 2D position sensitive version

* Development of “smart” channel-reduction scheme
— Only 6 output channels for 2x2 tiles of SiPMs
— Only 8 output channels for 3x3 tiles of SiPMs
— Still preserving <0.5mm position resolution

* Functional characterization:
— PDE: peaked at 410nm, reaching 45% at 4V, 55% at 8V excess bias.

 (Good position resolution, also when SiPM chip combined in TILES
— Position resolution ¢ = ~0.05 mm for 1 SiPM chip (10x10mm?)
— Position resolution ¢ = ~0.12 mm for 2x2 SiPM tile (tot 20x20mm?)
— Position resolution ¢ = ~0.21 mm for 3x3 SiPM tile (tot 30x30mm?)

« LG-SIPM used in many applications, e.g. compact gamma-camera for RGS (POSICS project)

04-Sep-23 F. Acerbi - Position sensitive SiPMs - PSD13 (Oxford) 21
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