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Behind FlexToT

* ICC-UB experimental HEP group is working in

24 INSTITUTE OF SCIENCES
(RIS OF THE COSMOS
Universtat de Barceana

particle experiments (since mid 90s), astroparticle
and medical imaging (more recently).

* Develops read out electronics for:
2 Calometers and Tracking (LHCb)
2 Cherenkov telescopes (CTA)

@ Silicon trackers (DEPFET-Belle and future
colliders)

* Project with CIEMAT to develop and ASIC for SiPM/MPPC based
PET

2 ICC-UB: expertise on electronics and microelectronics design e
Objective: Development of a prototype
Collaboration with Puerta de Hierro Hospital — Majadahonda

a CIEMAT: expertise On PET and medical imaging Positron Emission Tomography + Magnetic Resnanc -

 Functional and Anatomic Imaging
* Reduced dose to the patient

instrum entati On o Better contrast for soft tissues
Technological advances
« Compatibility with magnetic fields
 LYSO:Ce Monolithic Scintillators

¢ Integrated ASIC electronics readout
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Depth of Interaction

Radiation emitted from
non central region of the parallax error or
ring provoke parallax error A radial elongation
in the reconstruction J
Using stacked scintillator
crystals with different
properties can reduce the
error.

Photo
detector
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FlexToT (1)

* A Flexible ASIC for MPPC (PET, SPECT, Compton) 2 contributions in 2013 NSS

2 Novel current mode input stage 3 AQ/O 1 e
2 Time over Threshold RO v Vo p {-} ?,S((S‘
2 No ADC required I 0. N | v ' +:Cmm ' e N I
I, l ] o N " . J\ _

Typical signals

FlexToT

16 channel
SiGe BiCMOS 0.35um
Austriamicrosystem
10 mm?
3.3V (10 mW/ch)
QFN 64

Voltage(V) Current(mA) Voltage(V) Voltage(V)

-le-07  0e+00 le-07 2e-07 3e-07 4e-07 5e-07 6e-07

Time (s)
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FlexToT (1I)

* Why FlexToT?

2 Linear ToT can be adjusted to = First . .
. - . | ASIC ‘
different scintillator time constants | }{‘1 B Fiansy % : . l
! — € Biasand 4 Control
. . : /ﬁ‘ : <;: thresholds
2 High Dynamic Range: can be [ JD | |
| (gate) slage will?1 Energy . | oo Energy & posion
connected to different sensors with a o - |
. ! ] Time _|smem | RPG/
wide range of overvoltages i ! .
i ! Logic Unit
@ Use of ToT digitalization allows [ e |
trading-off resolution versus rate | % Fﬁﬁ jb—[:’ |
. . | = :
2 Accurate analog processing directly - # |
connected to FPGA | "? JD ik o
. . : Time e, T - Fasi OR :
? TDCs and signal processing are | ] " o
in FPGA: reconfigurable!
l W“ - 6
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FlexToT (III)

* Why FlexToT?
@ Simple, robust & low power
* NOADC!
2 Widely used in ASICs for tracking
2 Gathering interest for PET
* > 10 proposals lasts NSS
* Only moderate resolution is
required
 Configurable ToT
2 Non-linear vs linear
o Tuneable feedback

current

e Rate vs resolution

e Classical ToT 1s non-linear
o CSP+Shaper+Discriminator

High Gain Low Gain
|
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Orita, NIMA 648, S24-27, 2011
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FlexTol: Test setup

* ASIC design test set-up at ICC-UB
2 16 ch: 1 x SiPM Array + 1xASIC + 1xFPGA

@ Signal can be injected from arbitrary waveform

generator (AWG) for electrical characterization.

* PET module design and test set-up at CIEMAT
2 64 ch: 4x SiPM Array + 4xASIC + 1xFPGA

@ Several boards for coincidence Typical signals

25 T
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FlexToT: Calibration

* Linear ToT i1s studied with AWG generator

@ ASIC i1s adjusted to a specific system

Linearity scan measurement

@ Scintillator light yield 2

Chl ——
Ch2 +——e—1
9e-07 Ch3 +—%—i

0 Scintillator + MPPC time constant = 1 S
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- 8e07 Chy
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2 MPPC characteristics and overvoltage Yoo | g0
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Phoswich: Setup

o Sensors:
Scope «  Hamamatsu MPPC
- - 1’ - > coo
2 Agilent 9404A | | | °°° 16ch array
> o Crystals:

[ PC zne - LYSO: 1.35x1.35x7mm
1 14 e « GSO: 1.35x1.35x8mm
SiPM GSO
FlexToT
1o Agilent E3631 4 .
4 0 Keithley 2612
Rt ] S— —
| | ooooo |, ——
| — oooon ——
Il Eocv?er SUbD| High Voltage 4
PPYY Power Supply
- i - - -
! 1= | e 10
Sius|z L ieem e ©

Institut de Ciencies del Cosmos




Phoswich: Setup
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Data Analysis: Algorithms

* Support Vector Machine (SVM) * Fit the 511keV peak for event
with Radial Function Basis(RFB) selection previously to apply SVM
directly in the raw data. 2 System achieves a 99% of

matching.

2 System achieves a 98% of
matching.

Kixoc) = o7 (x) () . +

L
Support Vector .
¢ o
wlgx) + b= -1
wligix)+h=10
e | L ]
wlgx)+b=+1 + &
*
|
I Nu — ) 12

S’ usl™ E;ﬁa,mw RERa X T
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Measurements — Separated crystals

Measuring time signal over threshold we obtain different overlapping area
between crystal responses.
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Working with low thresholds we obtain the best performance in
time separation.
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Measurements — Separated crystals

Measuring energy signals for different bias voltages we obtain different

energy resolution in the 511keV peak.
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Working with low overvoltages we obtain the best performance in

energy resolution.
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Measurements — Separated crystals
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Measurements — Separated crystals

e SVM with RBF kernel

6
4
P)
0
-2
4 ..:.'.-:.- .'b\'né.' .:...“" i’
Sret i - it

IR
X

&5

.
Yo Se

P e
aeE

o
!
gouzvdnnd.) -

.98 of matching

Institut de Ciencies del Cosmos

N Cjomat 16

® GOBIER

T CEESPANA. DE ECONOMA

Cerero de investgacanes
FCOMPETITIVIDAD | icss. Museanbasmies

¥ Toemaiigicas



900

800

700

600 |

500

400

300

200

Measurements — Separated crystals

* Event selection fitting the 511keV peak before applying SVM with RBF
kernel
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Energy(ns)

Measurements — Stacked Crystals

* Without collimation
Configuration: LYSO-GSO Configuration: GSO-LYSO
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Measurements — Comparative

Configuration: Stacked
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Measurements — Stacked Crystals

Currently measuring with this setup in CIEMAT, Madrid

FlexToT with - with? X 5" -
MPPC array ! ~ 1 channel MPPC*\
and crystals - for trigger )
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Summary

* HEP group of ICC have developed a flexible electronics that can be used for different
variants of PET bringing ideas from particle physics designs.

* FlexToT with phoswich cristals have achieved a 99% of matching with separated
crystals configuration.

* Right now CIEMAT is measuring the response of FlexToT with stacked crystals using a
setup with lead collimators and electronic triggers.
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Thank you
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Back up shides



Dose (eV/g)

Simulations

Simulations with Penelope 2014 of 511keV electrons inside a LYSO and GSO
crystals. The dose deposited obtained by the electron is distributed in a few
hundreds of microns around the absortion point.

Doze distribution at the central Z axis Dose distribution at the central 2 axis
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