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PROJECT OVERVIEW

Medical physics

Particle therapy hodoscope: position + time stamp

Usmg diamond as detector material:
Intrinsic radiation hardness

Fast signal risetime enables timing precision of a few tens of ps

Low noise
Cost
Availability of large area

Beam tagging hodoscope for online ion range verification in

hadrontherapy
Time resolution of 100 ps

Count rate of 10 MHz/channel
Spatial resolution = 2. mm
Radiation hard

Charge measurement
ADC with noise shaping principle

QDC

05/10/2021

More information:
Talk M-L Gallin-Martel

Property Units Diamond Silicon
Band Gap E, eV 5.47 1.12
Electron mobility e cem’/ Vs 1700 1420
Hole mobility pp em?®/ Vs 2100 470
Saturation velocity cm/s 2x107 1.4x107
Intrinsic carrier density em” <10° 1.5%10'"°
e/h pair energy eV 13 3.6
Displacement energy eV 37-47 15-20
Density gem” 3.52 2.33
Rad length X, cm 12.2 9.4
Dielectric constant g; (relative) 5.7 11.9
Breakdown E-Field V/um 1000 30
Resistivity Q/cm >10" 10° - 10°
Gamma camera
Hodoscope(x,y,
Carbon lon y A
beam [
/-f
7 gﬁ!/
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Collimator
Photon detector
Diamonds
double side
stripped
detectors
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TECHNOLOGY READINESS LEVEL (TRL)

05/10/2021

Niveau | Définition Nom synthétique
TRL1 | Principes de base observés et identifiés Principe de base
TRL2 | Concept technologique et/ou application formulés Application formulée
TRL3 | Preuve du concept analytique et preuve expérimentale de la | Preuve du concept
fonction et/ou de la caractéristique critique
TRL4 | Vérification fonctionnelle en environnement de laboratoire | Validation fonctionnelle
au niveau composant et/ou maquette
TRL5 | Vérification en environnement représentatif de la [ Modeéles a échelle réduite
fonction critique au niveau composant et/ou maquette
TRL6 | Démonstration en environnement représentatif des | Validation de la conception
fonctions critiques de I’élément au niveau modéle
TRL7 | Démonstration en environnement opérationnel de la | Qualification d’'un modele
performance de I'élément au niveau modeéle
TRL8 [ Systeme réel développé et jugé apte a I'expérience Qualification du systeme réel
TRL9 [ Systeme réel ayant été utilisé a I'identique et avec succes | Opération du systéme réel
lors d’'une expérience dans I’environnement idoine.
TRL initial :
[ TRL1 | 7TRL2 | TRL3 [ TRL4 | TRLS | TRL6 | TRLZ | TR [ TRL9 |
TRL courant :
[ TR | TRL2 | TRI3 | TR4 | TRLS | TR6 | TRL7 | TR | TRL9 |
TRL final :

[ TRL1 | TRL2 | TRLI3 | TR4 | TRL5 | TRL6 |

TRL7 | TRL8 | TRL9 |
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Design of multi channel Integrated Circuits:

CMOS 130nm process technology
Radiation tolerant technology
BB130: 15t R&T

CMOS Design 8 channel Trans Impedance Amplifier (TIA) + Fast
WP1: VFE Design (

Discriminator: PhD EEATS Grenoble

( CMOS Design

WP2: TDC Design
( CMOS Design

DIAMASIC
.

CMOS Design
WP4: ADC Design (

CMOS Design
WP5: VFE + TDC = FULL CHIP (

Multi channel TDC

3 years apprentice engineer (Grenoble INP — PHELMA)

ADC with noise shaping: PhD EEATS Grenoble
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TIMING RESOLUTION

- Part of PhD work

S : : _ _ 2 2 2
Timing resolution defined by: o, = \/O']l-tter + 0fimewaik T OTpC

- For fast system, O = Irise
Or rast system, Jitter — SNR'
d V 190 - - - [ [ [ [— in;mpA.'sqn(Hz)'
SNR — O__ O-n p— GTIA X in X \/a X BW 160 —— in=15pA/sqri(Hz)
n 140 |
- We define a new expression: i
U . 80
. in XV aXBW XT. .
Jitter =2 7 L I N A A
lnm ax 0 0.5 1 1.5 B fGHZ) 25 3 35 4
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WPa: VFE DESIGN
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- Several FE was studied, designed and tested:
- Common gate stage
- LNA stage
- Resistive feedback TIA
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PUBLICATIONS

Abderrahmane Ghimouz et al. “A Preamplifier-discriminator circuit based on a Common Gate Feedforward TIA for fast time
measurements using diamond detectors.” In: 2018 25th IEEE International Conference on Electronics, Circuits and Systems
(ICECS). 2018, pp. 281-284. DOI: 10.1109/ICECS.2018.8617950

Abderrahmane Ghimouz, et al.. “Systematic high-level design of a fifth order Continuous-Time CRFF Delta Sigma ADC.” In:
2021 IEEE 12th Latin America Symposium on Circuits and System (LASCAS). 2021, pp. 1-4. DOI:
10.1109/LASCAS51355.2021.9459156

Abderrahmane Ghimouz et al. “A multichannel front-end electronics ASIC for high-accuracy time measurements using
diamond detectors.” In: International Conference on Analog VLSI Circuits 2021.(accepted and will be presented soon)

Abderrahmane Ghimouz, et al.. “New Design Approach of Front-End Electronics for high-Accuracy Time Measurement
Systems.” In: 2021 28th IEEE International Conference on Electronics, Circuits and Systems (ICECS). 2021 (accepted and
will be presented soon)

Abderrahmane Ghimouz, et al.. “DIAMASIC: A multichannel front-end electronics for high-accuracy time measurements for
diamond detectors.” In: TWEPP 2021 Topical Workshop on Electronics for Particle Physics. 2021. (Presented and an
extended journal paper in under preparation for JINST)
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WP2: TDC DESIGN (2)

- Designed by LPC Caen
* First prototype: 6 channels

* ONE channel composed of 2 TDC sharing the same Delay Locked-Loop (DLL)
- Can work as ToA or ToT

16-bit coarse time

HIt(X) Channel X 7-bit fine time

for each edge

Clk

‘‘‘‘‘‘

One channel TDC: 557 um x 1284 um DiamASIC_LPCCaen_V2
2.474 MM X 2.340 mm

Hit(X+1)

16-bit coarse time

ChanHEI X+1 7-bit fine time

for each edge
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WP2: TDC DESIGN (2)

DNL measured by code density tests
=>» know the effective size of quantification step

ASIC + support
FPGA Intel Logiciel de test en Python Parameters Values
) Interface USB FTDI —

Technology CMOS 130nm
_ Frequency 160MHz
! e—— P | Min Max
— DNL 16.5 ps 22 ps
INL 46.5 ps 55 PS
Resolution 16.2 ps 18.2 ps
sifgifzgil‘égl';mpmsion A81110 Keysight Power consumption 3omW for 6 channels

@240MHz =» resolution about 12ps
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WP3: QDC DESIGN (2)

- 3 years apprentice engineer (Grenoble INP — PHELMA)

Miroir de courant
pour décharger Cint

. Specifications: One QDC channel: 523 pm x 247 pm
- Input Current range: 120nA — 100pA

- Integration time: 1 ms to 120oms
+ Charge dynamic range of 10°

i
BEHEREASEaanECTE 1 ST I nnas FULL Ch|p;
RST = i
L : : : 1.5mmX1.5mm
Cint EHigoononEauE GEAEh ok : 8 channels
'l SEmTHTas e ; Srrinag : )
! Submitted on May 2021
Détecteur d
diamant Track A
i & Hold
R Vint ’ RS Fraacompteur SusiTasy
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Im +
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WP3: QDC DESIGN (2)
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INCIDENT ~ SENSOR  INTEGRATNG | puLse ANALOGTO | DiGTAL
RADIATION PREAMPLIFIER | SHAPING oiGTAL | pATABUS
CONVERSION |

WP4: ADC DESIGN Sy e I

INCIDENT SENSOR  PREAMPLIFIER | ANALOGTO PULSE | DIGITAL
RADIATION | . DIGITAL SHAPING | DATABUS
CONVERSION |

—].L | /\ : DIGITAL
| i o 0>

- Phd EEATS in microelectronic I
- Started in 2018 {B. Hallgren, 1991]

- “"Design of a continuous time Delta-Sigma modulator for energy measurement using
diamond detectors” e Te

- Design Top-Down

i

- Will be defended on October, 28t 2021 in Grenoble

Integrator 1 Resonator 1 Resonator 2

- T1 loop ADC - re
:‘7 ____,,_:?‘A. ____v7.__ — .o 2 __ 1 & ! loopADc e e e e e L e oo
aluled- i vAuls iad M ~T " | Feedback DAC -
~ ‘ | - I J

10%F

Feed froward paths 107
+ 10° 1 1 1
summing circuit 1t 1 16 e

Frequency (Hz)
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PUBLICATIONS

Abderrahmane Ghimouz, et al.. “Systematic high-level design of a fifth order Continuous-Time CRFF Delta Sigma ADC.” In:
2021 IEEE 12th Latin America Symposium on Circuits and System (LASCAS). 2021, pp. 1-4. DOI:
10.1109/LASCAS51355.2021.9459156

Abderrahmane Ghimouz, et al.. “Designing Opamp amplifiers for a 5th order CT CRFF DS ADC using Model-based design

paradigm and gm/ID methodology.” In: International Conference on Analog VLSI Circuits 2021. (accepted and will be
presented soon).
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CONCLUSION

- IN2P3 R&T project
- 2 labs: LPSCand LPC Caen

* Design of several IP blocks available through BB130 project
* Current/Voltage mode DAC, 5 bits
- SPI control (32 bits)
- TIA
- TDC

 PhD student and 3 years apprentice engineer involved in the project
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