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Outline

O Silicon photomultipliers (SiPMs) - aka Multi-pixel
photon counters (MPPCs)

O Photodetector that converts light into a current.

O Plant Imaging: (large-area devices)
O PhytoPET detector
O Magnetic-field resistant detectors
O Custom configuration

O Current work at the U of Regina.
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effect.

© APD Geiger mode: if v>V,
avalanche occurs (electrons and
holes), subsequently quenched.

O Charges swept from the junction
by the built-in electric field of the
depletion region: current

generated - holes move to anode, -

electrons to cathode. SiPM Array
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IPMs/MPPCs at wor
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Tomato plant
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Plant Imaging

Courtesy Jefferson Lab

O Pioneer new imaging tools in fundamental areas that
include: adaptation to environmental stresses,
disease, efficient nutrient and water use, and seed
quality, enabling the development of improved
fertilizers and microbial inoculants.

O Practicalities:
© R&D at UofR, deployment at Fedoruk. Portable solution?
O Define application parameters
O Develop software algorithms: DOI, LOR, resolution, visualization.
O Hybrid detector systems: PMT- and SiPM-based solutions

O Key requirements: clean signals and fast timing
towards sub-mm image resolution.
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PhytO PET SySte M (Hama mats

& .

O Partnership: Jefferson Lab
RD&I Group.

O Multi-anode PMT detector
heads - no SiPMs

O Custom electronics

O Proven performance (at
Duke U.)

O CRADA contract: import to
Saskatchewan

O Future: magnetic-immunity
by using SiPMs or dSiPMs.

GLue :;‘:; .geffigon Lab ®2’:§52 [;L%



Turn-key System (sensL)

Readout Module

O Detector
O Frontend
O Evaluation

Matrix-EVB
Board
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O Coincidence, DAQ, Software: using ?°Sr, “*Na

Status

Zonnect I Gt I

telalh §

sensL

sanse hoht

FRGA Rev |D1 a3
EvE 1D Mo. I 00001 581 81E9

UsB  MaATRIK

Report | SUCCESS

~MATRIX Channel Configuration

Configure | Save I

Format | | Single Energy

Copy |  Paste | [ MATRE TestLED

ARRAY Threshold W v Ottset W W
FIXEL  Threshold [030 v offset [165 v
230 &DC Offset [100 v
ADC delay W ns Energy Limit 'D_
0 Mo, | DOODDD2CCFF2 PG Rev [ 01.05

Savein ROM |

Channel illl a

I Linear Array

Temperature
’7|" Pall

SPM Bias

i~ E%B Readout Cortrol

Halt Readout|  Refresh Pixels | [~ Fitter

tdocle Il PLOT PIHELS
FIFC Run Time [ms)l 100

Plot Eneroy

[~ EvB Test LED Max FIFO File Size (Mbytes) | 100

Wiew FIFOFile | FIFD Data File Mame: | Test
Wiewy Image FiIeI Pixel Image File Marme: | Test

VIEW;I o Rate | 9264 Hz

GLue

=,

SVAVAV

ey

~Plot Range

ZoomTo | LCWY | O

~Plat Select

[1 Channel |0 'I Array |4 = | Pixel |5 = Save Plots

Coincidence Board
{supports up to 16 modules)

Flot

Refresh

_Zoomout | 6t 500

[2 charnel [0 vI Artay |1 = | Frelfo x| |Potpet v |

~Timing Energy Windows —— | Timing

Pair Tollerance = 50nS Singles 1
Sifsoms sngesa [
Coincidence Pairs Singles 2

Energy Calculstion
LOW  HGH

pisel1 [0 [aoes
Pizel 2 |0 4095

Report: | Success

Save Range LOW 10 Peak Bin Mo,

Smomh\ngill a HGH |0

Resoldtion

Pixel 1 Energy Plot

a0 250

.geff/e-20n Lab ®

100 150 200 300

Energy Bin

350 400

NSERC
CRSNG

450 500 550 600

U
of




2015-06-16

S i n g I e S (66723 events, 60 s)

O Common plastic scintillator
O Teflon wrapped, greased
© Noise, *°Sr measurements

O Characterise OLD/NEW mods |
o

Array threshold: 0.13 V
Pixel threshold: 0.07 V

Error (%)
0288583388

ARRAY 0 ARRAY 1 ARRAY 9 (80262 evehts, 6‘0‘ sj
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PIXEL O
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PIXEL 15
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Array threshold: 0.10 V; Pixel threshold: 0.12V

Coincidence

NEW module
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Multiple configurations
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Photodiode

O Photodiode: p-n junction or PIN
structure.

O Depletion region: an insulating
region within a conductive, doped
semiconductor material where the
mobile charge carriers have diffused
away.

O Incident photon can cause inner
photoelectric effect in the depletion
region.

O Charges swept from the junction by the
built-in electric field of the depletion
region: we have a current: holes move
to anode, electrons to cathode.
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PET in Plants

O a nuclear imaging technique:

O Positron-annihilation gamma
from a radio-isotope tracer

Pagitron emitiing I

introduced to plant via sl @ o
biologically active molecule

© 3D image functional processes

via computer algorithms
O modular gamma-ray imaging
detectors to allow for different
plant geometries.

Common tracers: 11C, 52Fe

MPPCs: around leaves

Courtesy Jefferson Lab
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PET: Plant Imaging Opportunities

Humans

Achievable Image Resolution
Plants

Ethics Committee
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Field is where small animal
imaging was ~15 years ago

Fedoruk Centre
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Plans and Partners

O It's stressful out there for plants:
© Bugs chew on them
O they get fungal infections
O they can get too hot or cold

O JLab and Duke Phytotron Lab

O Environmetal growth chambers
O Study nutrients ...to pollutants in the
air

© E.g. common barley plant response to
higher levels of CO, in the atmosphere

O E.qg. stress to bugs munching on plant
© PhytoPET and PhytoBeta systems

O Modular, custom-fit sensors around
plants, non-intrusive, reflective

Mechanical design
Detector development
Image reconstruction

Lab implementation
Data analysis
Detector integration
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MPPC Advantages & Issues

© Low bias, compact, high gain - IV Graph
O Replace PMT and GM :Breakdown Reverse .
© Breakdown voltage o e

+  from neutral to
- Current; depletion region

O Needed to know gain Faster

- response |

O Affects breakdown point
O Dark current (noise)
O Stable operation
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Hamamatsu
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SensL

O 30-34 V operation

© 20 mV/deg factor

O Ceramic packaging

O TEC cooling

O Form factor 200pum deadspace

0 13% energy resolution at
511keV using L(Y)SO for
nuclear medicine

/ M-Series and B-Series Silicon from SansL\

o

p

B

* M-an-
+ Peak sansitivity at 500nm (green) = Peak sansitivity at 420nm (blue)

* Sensithve range 4000m - 1000nm = Sensitive range 300nm - BOCnm
All 3ensL products are designed for high volume, low cost,

M-Series = B-Series

Dapletion
regien

P process * P-on-M process

and high uniformity, and are manufactured in a commercial
CMOS foundry.

O Gain & optical uniformity <10%

© 250ps CRT for L(Y)SO

O n-on-p and p-on-n substrates:
© 40% PDE
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MPPC
Circuits

O Amplification
O Shaping
O Discrimination ARRAY 0 ARRAY 1 ARRAY 9

O Digitization @@@ @mm oy emst

15

PIXEL O
PIXEL 1
PIXEL 15

Scrambled Crosswire Architecture
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