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100µmPET
a ultra-high-resolution silicon-pixel-based 

small animal PET scanner

R.Cardella, on behalf of the collaboration
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• Radiotracer injected into the body
• Cells with abnormal metabolic behavior will show an 

excess of radiotracers
• Positron emission -> e- e+ annihilation
• Detect 2 back-to-back Gamma at 511 keV
• Reconstruct image from Line of Response (LoR)

Atherosclerosis plaques in mouse
Pre-clinical scanner
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• Radiotracer injected into the body
• Cells with abnormal metabolic behavior will show an 

excess of radiotracers
• Positron emission -> e- e+ annihilation
• Detect 2 back-to-back Gamma at 511 keV
• Reconstruct image from Line of Response (LoR)

Atherosclerosis plaques in mouse
Pre-clinical scanner

Image quality and Acquisition time:

• Spatial Resolution
• Noise event rate vs. True coincidence rate
• -> Small time window and low jitter 
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Best pre-clinical small animal scanner combine 
MRI – CT with PET to achieve resolution of 0.5mm3

19.11.2024 4



PI
XE

L 2
02

4

Our proposal (MAPS)
1 order of magnitude better!

DOI 0.1109/TRPMS.2024.3456241

Best pre-clinical small animal scanner combine 
MRI – CT with PET to achieve resolution of 0.5mm3
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bring down the spatial resolution?
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No uncertanty in Gamma emission process

200µm

250µm

100µm pixel pitch
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200µm

250µm

100µm pixel pitch
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Large improvement with respect to reference scanner

200µm

250µm

100µm pixel pitch Reference scanner
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Tower: 60 quad-module layers (240 chips)

100µPET Scanner:
4 towers (960 chips)

Trade-off Sensitivity / Cost

F. Cadoux et al.

https://www.sciencedirect.com/science/article/pii/S016890022201244X?via%3Dihub
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Event size 1 cluster (< (5x5) pixels)

Event rate 10 kHz/cm2

Equivalent Noise Charge (ENC) ~250 e-

Operation Threshold [2000 / 3000] e-

Time resolution RMS (Qin > 7 ke-) 200 ps

ToA Yes, seed pixel

ToT Yes, for time-walk correction

Power consumption < 100 mW/cm2

Pixel pitch 150 µm

CMOS monolithic sensor in IHP SG13G2 BiCMOS, 130 nm process featuring SiGe HBT

See also talk from L. Paolozzi next Thursday
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23
 m

m Pixel matrix 
132 x 192

(25344 total pixels)

[1 mm] Periphery +  Power pads + I/O

[0.6 mm]  Power pads

Submitted for production in October 2023

Digital Column [21 mm x 40 µm]

30 mm
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Super Colum
11 Super Pixels

Digital Periphery

1 x 12 pixels
digital lines and configuration

(non-sensitive region)
1/13 of matrix area (7.7%)

Su
pe

rp
ixe

l 

x 11

Su
pe

r 
C

ol
um

n

x 16

30 mm

23
 m

m

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Asynchronous 51-bit bus
No Clock inside the matrix

TDCs, DACs, Bandgap, LVDS drivers, config registers 
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250µm

• In-pixel electronics
• Affects input capacitance

• Non-isolated PMOS
• Need to reduce in-pixel 

digital circuits 
• 360fF pixel capacitance

Depleted P-Substrate
~4kΩ
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Pixel matrix
(segment)

ASIC 
detector

periphery

Readout channel

OR-tree 
chain

Time of Arrival (ToA)

Time over Threshold (ToT)

On-chip TDC

ToT∝Qin →  Time-walk correction

ToA 
ToT

Ifbk

A. Picardi et al. 
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Good time resolution to select 
coincidence events from noise

Use 1 ns time window
“4D-Tracking” 

19.11.2024 17
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Excellent timing performance with very low power consumption. 

Want to see what SiGe can do with little increase in power consumption? 
Don’t miss the talk from L. Paolozzi next Thursday

19.11.2024 18
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Mismatch worsens the Noise Rate. With threshold tuning, we can achieve the required Noise Rate
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100 PET prototype (2023) - NR with threshold tuning analysis - SPICE simulation in Virtuoso

VccA= 1.2 V
Ipreamp= 8 A
Ideal
Untuned - no masking

0 2 4 6 8 10
SNR
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Delay line matching

No pixel-to-pixel 
delay calibration 

required

TDC [LSB 150 ps] 1 TDC channel/Super Column

Max skew 67 ps

Mismatch rms 11 ps

Jitter rms 0.5 ps

T. coeff. 0.6 ps/C

V. coeff. 7.3 ps/mV

Simulation results

11 Super-Pixel output fast-OR

L. Iodice et al.

19.11.2024 21
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Supercolumn independent Flash-TDC with 7-stages free-running ring oscillator.

• States of the oscillator encode the fine-time: expected LSB = 150ps.

• Course timing with a counter on stage 0 and disambiguation bit on stage 1.

• Reference and Calibration’s channel signals are generated per Supercolumn.

• Reference : Synchronization with DAQ for coincidence with an internal counter at readout clock frequency (50MHz).

19.11.2024 22
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• We are building a small-animal PET with ultra-high resolution
• All silicon (MAPS): 960 sensors to build the full scanner 
• Design validated with simulations
• Volumetric resolution between 0.01 mm3 and 0.02 mm3

• Sensitivity from 3% to 5.5%

• Currently building a thermal Mock-up scanner to validate cooling and assembly
• NCP assembly validated with mock-ups

• MAPS submitted in October 2023 
• 130nm SiGe BiCMOS
• Asynch readout 
• 150µm pitch, 200 ps time resolution, 2ke- ENC 280-e @ <100mW cm2

19.11.2024 23
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The people

Thank you for your attention 

ASIC Design (Digital)
Sensor Design

Lead chip design
Analog 

ASIC Design (Digital)
Firmware

ASIC Design (Analog)
Front-end

ASIC Design (Analog)
TDC

19.11.2024 24
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Backup slides
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Digital periphery

[36 bits]

  [4 bits]

[11 bits]

[51 bits]
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Read-out speed 50 Mb/s (with 50 MHz clock)
• Max read-out event rate 350 k events/s,
• Chips can be daisy-chained to reduce the number of outputs to DAQ. 
• Maximum expected rate for quad module (24 cm2 x 10 kHz/cm2) = 240 k events/s
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Each super-column provides pixel address and TDC data:
event size of 143 bits.

Each super-column data is processed in parallel and independently in the periphery
3-level buffer minimizes data loss at the target event rate.
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• 4-chip daisy chain

• Priority given to the left-most chip (furthest from DAQ)

• First chip request to GND

• DAQ acts as last unit in the chain.

19.11.2024 32
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• In pixel sensor applications, especially for large area pixel sensors with a density of thousands 
of pixels, one of the challenges is an efficient information readout that meets the recent trends 
of stringent timing specifications.

à Two different approaches:

                Synchronous                                 Asynchronous
 
 

 

Synchronous
• Clock distributed across the chip

Ø High power dissipation
Ø Noise on the power supply
Ø Stringent skew constraints on the clock tree

Asynchronous
• No clock distributed across the chip

Ø Lower power dissipation
Ø Less noise on the power supply
Ø Stringent skew constraints on the outputs

19.11.2024 33



PI
XE

L 2
02

4

Qth

Vout

t
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