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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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PROJECT OVERVIEW

 Medical physics
 Particle therapy hodoscope: position + time stamp

 Using 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 ≈ 1 mm
 Radiation hard

 Charge measurement 
 ADC with noise shaping principle
 QDC

Diamonds
double side 
stripped 
detectors
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More information:  
Talk M-L Gallin-Martel



WP OVERVIEW
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Design of multi channel Integrated Circuits:
CMOS 130nm process technology
Radiation tolerant technology
BB130: 1st R&T

3 years apprentice engineer (Grenoble INP – PHELMA)

8 channel Trans Impedance Amplifier (TIA) + Fast 
Discriminator: PhD EEATS Grenoble

ADC with noise shaping: PhD EEATS Grenoble

Multi channel TDC
➔ L. Leterrier talk



TIMING RESOLUTION 

 Part of PhD work

 Timing resolution defined by: 𝜎𝑡 = 𝜎𝐽𝑖𝑡𝑡𝑒𝑟
2 + 𝜎𝑇𝑖𝑚𝑒𝑊𝑎𝑙𝑘

2 + 𝜎𝑇𝐷𝐶
2

 For fast system, 𝝈𝑱𝒊𝒕𝒕𝒆𝒓 =
𝑻𝒓𝒊𝒔𝒆

𝑺𝑵𝑹
, 

 We define a new expression: 
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𝑆𝑁𝑅 =
𝑑𝑉

𝜎𝑛
𝜎𝑛 = 𝐺𝑇𝐼𝐴 × 𝑖𝑛 × 𝛼 × 𝐵𝑊

𝜎
𝐽𝑖𝑡𝑡𝑒𝑟 =

𝑖𝑛× 𝛼×𝐵𝑊×𝑇𝑟
𝐼𝑖𝑛𝑚𝑎𝑥



WP1: VFE DESIGN

 Several FE was studied, designed and tested:
 Common gate stage

 LNA stage

 Resistive feedback TIA
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#samples: 1000

σ=    

Jitter (ns)



WP3: QDC DESIGN (1)

 3 years apprentice engineer (Grenoble INP – PHELMA)

 Specifications: 
 Input Current range: 10nA – 100µA 

 Integration time: 1 ms to 100ms

 Charge dynamic range of 106
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One QDC channel: 523 µm x 247 µm 

FULL chip: 
1.5 mm x 1.5 mm
8 channels
Submitted on May 2021



WP3: QDC DESIGN (2)
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Testing of the ramp generator with 40 steps

INL: -4 LSB/+2 LSB

Max noise: 3 LSB 



WP4: ADC DESIGN

 PhD EEATS in microelectronics
 Started in 2018

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

 Design Top-Down

 Will be defended on October, 28th 2021 in Grenoble
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{B. Hallgren, 1991]



CONCLUSION

 IN2P3 R&T project
 2 labs: LPSC and 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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