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SCHEDULE

- Project overview

- Electronic Design
- Front-end
» Time to Digital Converter (TDC) =» L. Leterrier talk
* Charge to Digital Converter (QDC)
* Analog to Digital Converter (ADC)

- Conclusions
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Property Units Diamond Silicon

Band Gap E, eV 5.47 1.12
Electron mobility e cem’/ Vs 1700 1420
PROJ ECT OVE RVI EW 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
Medical P hys ICS Dielectric constant g; (relative) 5.7 11.9
Particle therapy hodoscope: position + time stamp Breakdown E-Field V/pm 1000 0
Resistivity Q/cm >10 10° - 10°

Usmg diamond as detector material: T —
Intrinsic radiation hardness

Hodoscope(x,Y! .
Fast signal risetime enables timing precision of a few tens of ps Carbon lon /L_\
. b
Low noise g / 9

Cost |
Availability of large area eyl

Beam tagging hodoscope for online ion range verification in
h a d ro nth era py Photon detector

Time resolution of 100 ps
Count rate of 10 MHz/channel

Collimator

Strips x Strips y

Spatial resolution = 2 mm Diamonds
Radiation hard double side
stripped
Charge measurement § tPPt
ADC with noise shaping principle —— etectors
QDC More information: = —BOTTOM
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Design of multi channel Integrated Circuits:

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

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

Discriminator: PhD EEATS Grenoble

Test and Validation

CMOS Design .
WP2: TDC Design { Multi channel TDC

=» L. Leterrier talk

T— |
DIAM_ASIC WP3: QDC Design 3 years apprentice engineer (Grenoble INP — PHELMA)

Project Test and Validation

WP4: ADC Design SO ADC with noise shaping: PhD EEATS Grenoble

Test and Validation

WP5: VFE + TDC = FULL CHIP

{ CMOS Design

Test and Validation
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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, 07; Irise
or fast system, Ojtter SNR'
SNR =% =G VA XBW -1 o
o, Op = brpa X lp XV X |
- We define a new expression: “
O' . 80
. i, XV aXBW XT. .
Jitter = -1 7 L I A I A I
lnmax | ‘ BW (GHz) ' '
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WPa: VFE DESIGN

vad

- Common gate stage
- LNA stage

- Several FE was studied, designed and tested:

- Resistive feedbackTIA
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WP3: QDC DESIGN (2)

* 3 years apprentice engineer (Grenoble INP - PHELMA) § =l

pour décharger Cint

- Specifications:
- Input Current range: 20nA — 100pA
- Integration time: 1 ms to 120oms
+ Charge dynamic range of 10°

FULL chip:
RST
T 1.5 MM X 1.5 mm
o 8 channels
! Submitted on May 2021
Détecteur d -
diamant Track -
. Vint Hree s FPGA/Compteur
’ vme Vgr cK
Decl‘gs;‘gle de Genré;;t::r de
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WP3: QDC DESIGN (2)
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INCIDENT SENSOR INTEGRATING PULSE ANALOG TO ! DIGITAL
RADIATION PREAMPLIFIER | SHAPING DIGITAL | DATA BUS
CONVERSION |

WP4: ADC DESIGN Sty =

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

IC(}NVEFISION
|
| i o f—>
. . R |
- PhD EEATS in microelectronics oo
- 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

- T 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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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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