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FastIC+ collaboration

ÅCollaboration: University of Barcelona (ICCUB) and CERN (EP-ESE-ME)

ÅObjectives:

ïDevelop FE electronics for photosensors with intrinsic gain: PMTs, MCPs & SiPMs

ïTime: approach intrinsic SPTR of the sensor: 10 - 100 ps

ïEnergy: linear (< 3%) for 1000s p.e. range (time-walk correction)

ïScalable electronics

ÅWhat does scalable mean?
ïSystem on chip: input stage, comparators, TDC/ADC, digital back-end, serializer

ïLow power: ~1 mW/mm2 including everything 

ïCompact: < 1 mm2per readout channel (or ñpixelò)

ïLow fabrication cost < 1 $/ch for volume production
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FastIC versions

ÅFastIC (2020/05): Initial 8-channel prototype
ïOutputs: Analog & Binary Discriminated:

ÁTiming: Non-Linear ToT

ÁEnergy: Pulse Width Modulation 

o Rate: 2 MHz (max)

o Dynamic Range: >10 bits

ÅFastIC+ (2023/11): FastIC plus TDC
ïTime bin:

ÁTiming: 24.4 ps

ÁEnergy: 390 ps

ïFully digital outputs: single data transmitter per chip

ïData rate:

Á~40 MSps/ch (peak) [dead time: 3~28 ns]

Á~3 MSps/ch (sustained)
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65 nm CMOS 

2x2 mm2

9-12 mW/ch

65 nm CMOS 

3x3 mm2

10-13 mW/ch



FastIC+ Architecture
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FastIC+ Architecture
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ÅAnalog Front-End:

Å Input Stage:.
ï 8 Inputs: 

Á8 Single Ended (POS/NEG)

Á4 Differential

Á2 Clusters of 4 channels (active summation)

ï Current mode comparator for timing

ï Fast current mode input stage

ï Input Stage Outputs:

ÁTime

ÁEnergy

ÁTrigger

Based on HRFlexToT ASIC [1]

[1]: Sanchez, D., Gomez, S., et. al. HRFlexToT: A High Dynamic Range ASIC 
for Time-of-Flight Positron Emission Tomography, 2021, IEEE TRPMS,

~3mW/ch (input stage)

ÁPower: 3 mW

ÁRin = 25 Ý

ÁBW > 500 MHz

Á Inp. ref. ser. noise: 1.6 nV/sqrt(/Hz)

Á Inp. ref. par. noise: 20 pA/sqrt(/Hz)

https://ieeexplore.ieee.org/document/9380735


FastIC+ Architecture
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ÅAnalog Front-End:

Å Provides a measurement of the time and 

energy per channel in two consecutive pulses

ï Linear energy by pulse width encoding

ÁñWilkinson ADC-likeò conversion

[2] A. Mariscal-Castilla et al., "Toward Sub-100 ps TOF-PET Systems Employing the FastIC ASIC With Analog
SiPMs," in IEEE Transactions on Radiation and Plasma Medical Sciences, vol. 8, no. 7, pp. 718-733, Sept. 2024, 

~1mW/ch

3~5mW/ch

<1mW/ch

https://ieeexplore.ieee.org/document/10557761


FastIC+ Architecture
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ÅTime-To-Digital Converter:

Å PLL

ï Ref. Clock: 40 MHz

ï FPLL: 1.28 GHz (M=32)

ï Internal VCO provides 16 phases (td <25ps)

Å TDC Front-End Readout (FERO)

ï TDC inputs capture the PLLôs VCO state (10 bits):

Á Ultra-Fast Counter (5 bits): 24.4 ps time bin Ą ToA

Á Fast Counter (5 bits): 781 ps time bin Ą ToT=1/2 LSB

ï Synchronizes data with the Reference Clock

Å TDC Back-End Readout (BERO)

ï Encodes, filters and prepares data for transmission

ï Extends TDC timestamp dynamic range

ï Serializes data up to 1280 Mbps (Max: 3 Mevts/s/ch)

~4mW/ch
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FastIC+ Measurements

ÅTDC Linearity Test (Code Density)

ïINL < ±22 ps

ïDNL (std) < 6 ps (wo calibration), < 4 ps (w calibration)

FAST 2025
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FastIC+ Measurements

ÅTDC intrinsic Jitter:

ïAn External Trigger signal is sent to two ASICs and the Time of Arrival is computed by each TDC.

ÁTDC ASIC#0: TimeA

ÁTDC ASIC#1: TimeB

ïThen:

FAST 2025
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FastIC+ PCB

DAQ
PPG

TDC_IN

FastIC+#0

FastIC+#1



ÅThe setup is as follows:

ï Laser: Advanced Laser Diode Systems

A.L.S. GmbH (PiL040X) at 405 nm and

a tuned intensity level of 50%, pulse

width jitter ~ 30 ps FWHM.

ï Sensors: 

ÁFBK 40 ‘m SPAD.

ÁFBK SiPM 1x1mm2 (40 ‘m SPAD).

ÁFBK SiPM 3x3mm2 (50 ‘m SPAD).

ÁFBK SiPM 4x4mm2 (40 ‘m SPAD).

ï HV: Keysight 2611A, Vbias=48.5V.

ï Scope: Agilent MSO 9404A 2.5 GHz 

oscilloscope (10 GS/s, 8bit).

FastIC+ Measurements: SiPM NPTR and blue laser
10
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ÅNPTR Measurements:

ï Analog FE (TDC Off): Oscilloscope TRGĄTIME Delta time. 

ï Analog FE (TDC On): Oscilloscope TRGĄTIME Delta time. 

ï Analog FE+TDC: PC DAQ reads digitized pulses by FastIC+.



ÅHow NPTR is measured?

FastIC+ Measurements: SiPM NPTR and blue laser
11
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FastIC+ Measurements: SiPM NPTR and blue laser
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ÅResults:

ï NOTE: All results include the laser jitter

ïAnalog FE degradation by TDCôs PLL:

ÁAppreciable, but with a very low impact.

ï Analog FE+TDC (fully digital readout):

Á+11 ps SPTR

Á+6 ps (Npeŷŷ)

SPTR (FHWM) FWHMConst.

Analog FE (TDC PLL Off) 87 ps 37 ps

Analog FE (TDC PLL On) 88 ps 39 ps

Analog FE+TDC 98 ps 43 ps
ͯ
ὊὡὌὓ

ὔ
ὊὡὌὓ Ȣ



FastIC+ Measurements: SiPM NPTR and blue laser
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ÅResults:

SPTR (FHWM) FWHMConst.

FBK Single SPAD 49.5 ps -

FBK 1x1 mm2 (40‘m) 77.5 ps 39 ps

FBK 3x3 mm2 (50‘m) 97.6 ps 43 ps

FBK 4x4 mm2 (40‘m) 159.2 ps 58 ps



ÅThe setup is as follows:

ï Radioactive source: Na-22 with 10 ‘Ci and 2.6 Yrs.

ï SiPMs: FBK NUV-HD-MT LF M0 3x3 mm2 50 ‘m SPAD

ï Crystal: L(Y)SO:Ce:0.2%:Ca:0.2% from Taiwan Applied 

Crystals (TAC). Dimensions: 2x2x3mm

ï HV: Keysight 2611A.

ï Crystal is attached to the SiPM with Cargille Melmount

(ὲὈ= 1.542 at 25ºC).

ï SiPMs are connected to two different channels on the 

same ASIC.

FastIC+ Measurements: CTR (preliminary results)
14

FAST 2025

SiPM

Crystal

FastIC+

SiPM

Crystal

Na-22
DAQ



ÅResults: 89 ps FWHM

FastIC+ Measurements: CTR
15
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TO THE BEST OF OUR KNOWLEDGE

FASTIC+ IS THE FIRST ASIC COMBINING 

FE AND DIGITIZER ACHIEVING CTR<100PS



FastIC+: Ongoing work

ÅBaseline fluctuation effect (pile-up) and correction

ÅMeasure delay distribution of previous noise pulse to gamma event

ÅThen apply filtering or correction

16

A. S. X. D. M. Pinto et al., "Improving CTR With the FastIC ASIC for TOF-PET by Overcoming SiPM Noise With Baseline 
Correction," in IEEE Transactions on Radiation and Plasma Medical Sciences, doi: 10.1109/TRPMS.2025.3532794, 

https://ieeexplore.ieee.org/document/10557761


FastIC+: Ongoing work

ÅRelevant improvement in CTR
ïParticularly for large devices  

ÅMany new results coming soon: stay tunned
ïBGO, Metamaterial, dual-sided readout, etc

17

A. S. X. D. M. Pinto et al., "Improving CTR With the FastIC 
ASIC for TOF-PET by Overcoming SiPM Noise With Baseline 
Correction," in IEEE, doi: 10.1109/TRPMS.2025.3532794, 

MT2: 2.0 x 2.0 mm2

MT4: 3.7 x 3.6 mm2

https://ieeexplore.ieee.org/document/10557761


PetVision Consortium
18

This project has received funding from the European¦ƴƛƻƴΩǎ
Horizon Europeresearchand innovation programmeunder grant
agreementNo101099896

Associated 
partners



Next generation scalable time-of-flight PET 
19

Superbtime resolutionenablessimplificationsin the scannerdesign

G. Razdevġeket al., "Multi-panel limited angle PET system with 50 ps FWHM coincidence

time resolution: a simulation study," in IEEE TRPMS, doi: 10.1109/TRPMS.2021.3115704.

Limited angle PET scanners will 

generally produce distorted images 

with artefacts  unless they have good 

time-of-flight information

The angular sampling requirement to obtain distortion-free images decreases 
S. Surti, J. S. Karp, PhysicaMedica 32 (2016) 12ς22

500 ps 70 ps



PetVision Vision
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Our vision: Develop a flexible, modular PET scanner, based on two planar and opposite 

detector panels with exquisite TOF resolution 

Long axial length 
PET imager

Enabling 
Modular scanner

Mobility

ï Portable or bed-side PET imaging

Flexibility 

ï Adjustable FOV and sensitivity

Modularity

ï Combining multiple panels Ÿ from multi-organ to 

total-body PET scanner

Accessibility

ï Reduced manufacturing cost and complexity 

thanks to volume production



PetVision timeline
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Photo Sensor
with improved 
performance

ASIC chip and 
integration 
into a digital 
module

Integration 
of the 
prototype

Validation 
in hospitals

Year 2 Year 3 Year 4 Year 5 Year 6-7

Further 
developments & 
exploitation 

Photo detection module based on evolutions of 
NUV-MT (FBK) and FastIC+ (ICCUB and CERN)



PetVision detector core technology R&D plans

ÅHow to go further?
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Scintillation
array

Gamma ray

Scintillation array

Gamma ray

Current detector

Improved detector
Improved scintillator

SiPM Improved PDE 
and timing
Optimized FE ASIC
2.5D integration

Light sensors

Light sensors

Å Deep Trench Isolation: single SPAD isolation if 
we thin the wafer down sufficiently 

ï Glass support wafer is needed.

Å We can exploit this isolation to build a ñbulkò 
TSV coincident with each single SPAD

ï The resistors are still on the front-side (no change 
in signal shape is expected).

Å Common connection for bias is on the front and 
requires a TSV to bring it from the bottom.

Front end electronics Front end electronics

Time, energy, positionTime, energy, position



PetVision detector core technology R&D plans

ÅHow to go further?
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Scintillation
array

Gamma ray

Scintillation array

Gamma ray

Current detector

Improved detector
Improved scintillator
SiPM Improved PDE and timing

Optimized FE ASIC
2.5D integration

Light sensors

Light sensors

Å Different input stage designs to improve 
electronics jitter

Å Optimization of energy path in terms of power 
consumption

ï Shaping time optimized for ~100 ns peaking time

Å New alternative SAR ADC under development

ï 12-bit resolution @ 40 MSps with < 1mW/ch

Å Options for 2.5 D integration

ï Direct flip chip (16 ch) to the PDM (baseline)

ï Multi-chip 64 ch System-In-Package (BGA)

Front end electronics Front end electronics

Time, energy, positionTime, energy, position

PetVision ASIC: 16 ch die 

4x4  mm2 // 100 pads

64 ch BGA
PetVision SiP: 

64 ch BGA

< 15 x 15  mm2



PetVision detector core technology R&D plans

ÅHow to go further?
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Scintillation
array

Gamma ray

Scintillation array

Gamma ray

Current detector

Improved detector
Improved scintillator
SiPM Improved PDE and timing
Optimized FE ASIC

2.5D integration

Light sensors

Light sensors

Å The Photon Detection Module (PDM) of PetVision
will be based on 2.5D integration techniques
ï 5x5 cm2 and 256 ch

Å To connect the SiPM to the interposer, we will 
follow similar steps as in the full 3D integration
ï With more relaxed, and conservative, specifications

ï Cost is important !

Å Many challenges to be faced
ï Interconnection density and ball size

ï PCB planarity

ï Two-sided reflow

ï Integration of passive components 

ï Thermal management
Front end electronics Front end electronics

Time, energy, positionTime, energy, position



Petvision: 2.5 D integration by chiplets

ÅFirst 32 ch FastIC+ chiplet prototype version is being developed

ï4 dies + passive components

ïTotal size 11x11 mm2

ï12x12 pads (144 balls)

25



Conclusions

ÅPetvision aims to achieve sub-100 ps CTR at system level

ïIn scalable and cost-effective manner

ÅBased on scalable technologies: FastIC+ and NUV-HD SiPMs 

ïHave already proven that sub-100 ps CTR is possible with ASICs including TDCs

ïBut so far with small crystals in laboratory conditions

ÅPetvision aims to go further by

ïExploiting TSV technology to improve PDE and timing of NUV-HD MT SiPMs

ïDeveloping an optimized ASIC based on FastIC+

ïASIC and sensor 2.5 D integration and codesign: integrated PDM

ïUsing improved scintillators (not discussed here)

26
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THANK YOU FOR YOUR ATTENTION
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dgascon@fqa.ub.edu FAST 2025

This study was supported by MICIU/AEI/ 10.13039/501100011033 under grant PDC2021-121442-I00  and  by 
MICIIN with funding from European Union NextGenerationEU (PRTR-C17.I1) and byGeneralitat de Catalunya.



BACKUP
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I. Introduction

ÅWhat is a fast detector?

ïñPromptò signal generation

ÁUseful for timing measurements

o Many more factors involved !!

FAST 2025
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Courtesy: P. Lecoq, E. Auffray (CERN)

Example: scintillating crystal readout by photosensor

Promptò signal generation

Intrinsic sensor time 
resolution

S. Gundacker et al. Phys. 
Med. Biol. 65 (2020) 025001



I. Introduction

ÅWhat is a fast detector?

ïñPromptò signal generation

ÁTiming measurements

o Many more factors involved !!

FAST 2025
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Example: scintillating crystal readout by photosensor Electronics Timing resolution

ÅWhat is required from the electronics?
ïLow electronics jitter

ïDeal with time walk problems

ïAccurate conversion 
ÁTDC, waveform sampling

„ͺ

Courtesy: P. Lecoq, E. Auffray (CERN)
See P. Lecoq talk !



ÅWhat is a fast detector?

ïñPromptò signal generation

ÁTiming measurements

o Many more factors involved !!

31

ÅWhat is required from the electronics?
ïLow electronics jitter
ÁHigh slew rate and low noise

ïDeal with time walk

ïAccurate conversion 

Jitter: electronics noise (N) added to the signal. 

For discriminator: uncertainty in threshold crossing time „ͺ
ὔ

ὨὛȾὨὸ

I. Introduction

N. Cartiglia, ñUltra-Fast Silicon Detectorò 

https://www-physics.lbl.gov/seminars/Cartiglia.pdf

Input
+

-

Threshold

Discriminator
Preamplifier



I. Introduction: bandwidth and interconnects

RL

M1

IbQdet Cdet

Lwb

CL

Cin

iin

Qdet Cdet

Lwb

Cin Rin

iin

Ai(s) iin RL CL

iout

iout

-Av1

‬É

‬Ô

‬É

‬Ô

5 nH / 10 pF 5 nH / 1 nF 25 nH / 10 pF 25 nH / 1 nF

1.3 GHz 270 MHz 560 MHz 81 MHz

Optimum bandwidth for connecting inductances 

5 nH ï25 nH and Cdet = 10 pF ï1 nF

Lwb / Cdet

ὛὙ
ÖὭ

ÖÔ
ᶿ
ÖὭ

Öὸ
ᶻὄὡẗὩ ẗ

‬É

‬Ô

Courtesy: J. M. Fernandez-Tenllado (UB/CERN)

Additional poles from parasitics º

Å Optimum bandwidth is (very) approximately 
Ⱬ╛╒▀▄◄

Ɇ ᶿ"7for BW << Cut-Off

Å No slope improvement beyond å1 GHz.

See also:Sensors 
2020, 20(16), 4428; 
https://doi.org/10.3
390/s20164428

J. M. Fernández-Tenllado, et alt, "Optimal design of single-photon sensor 
front-end electronics for fast-timing applications," IEEE NSS/MIC 2019, 

doi: 10.1109/NSS/MIC42101.2019.9059805.
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ÅWhat is a fast detector?

ïñPromptò signal generation

ÁTiming measurements

o Many more factors involved !!
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ÅWhat is required from the electronics?
ïLow electronics jitter

ïDeal with time walk
ÁTime walk correction

o CFD, digital signal processing, offlineé

ïAccurate conversion 

I. Introduction

ÅTime-walk correction

ïMost precise correction is based on accurate 

energy measurement 

Á Even better: waveform sampling

ï If not available: poor man ADC is ToT

ï Alternative: Constant Fraction Discriminators

Á Limited dynamic range for analog versions

Orita, NIMA 648, S24-27, 2011

N. Cartiglia, ñUltra-Fast Silicon Detectorò 

https://www-physics.lbl.gov/seminars/Cartiglia.pdf



ÅWhat is a fast detector?

ïñPromptò signal generation

ÁTiming measurements

o Many more factors involved !!
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ÅWhat is required from the electronics?
ïLow electronics jitter

ïDeal with time walk

ïAccurate conversion 
ÁAdequate TDC resolution

o Or waveform samplingé

N. Cartiglia, ñUltra-Fast Silicon Detectorò 

https://www-physics.lbl.gov/seminars/Cartiglia.pdf

„ͺ „ͺ „ͺ „ͺ Ⱦ
+é

Electronics 
Jitter

Time-Walk Quantization 
error

Different expression for waveform sampling systems !

I. Introduction

Input
+

-

Threshold 

Preamplifier Discriminator
TDC



I. Introduction

ÅWhat is a fast detector?

ïñFastò pulse

ÁñShortò peaking/decay time

FAST 2025

35

ÅFor ñhigh rateò applications 

we need fast shaping

ïHigh signal rate

ÁPile-up

ÁBaseline fluctuation

ïHigh background / Noise rate

ÁAdditional parallel noise source

ÁPile-up

ÁBaseline fluctuations

Significant increase in the 
dark current (DCR) in 

silicon sensors (SiPM) with 
irradiation (neutron flux)

Night sky background in 
Cherenkov telescopes

S. Vorobiov, et al. NECTAr: 
10.1016/j.nima.2010.08.112



I. Introduction

ÅWhat is a fast detector?

ïñPromptò signal generation

ÅDifferent fast detectors

ïScintillators (+ photosensor)

ÁCalorimeters, counters, ToF, Fiber 

Trackers, medical imaging, etc

ïCherenkov radiators (+ photosensor)

ÁRICH det, Cherenkov telescopes, etc

ïSilicon Sensors (PIN diode, LGAD, etc)

ÁTiming layers, trackers, Si calos, etc

ïOthers: gaseous detectors, hybrid, etc

FAST 2025
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See P. Lecoq talk !

Å Ideal detector: high photon/carrier time density

1) High light/carrier yield (N)

2) Short rise (tr) and decay time (td)

╣░□░▪▌►▄▼▫■◊◄░▫▪ᶿ
Ⱳ►Ⱳ▀
╝



Time walk: the voltage value Vth is reached at 
different times by signals of different amplitude (S)

ÅWhat is a fast detector?

ïñPromptò signal generation

ÁTiming measurements

o Many more factors involved !!
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ÅWhat is required from the electronics?
ïLow electronics jitter

ïDeal with time walk
ÁTime walk correction

o CFD, digital signal processing, offlineé

ïAccurate conversion 

N. Cartiglia, ñUltra-Fast Silicon Detectorò 

https://www-
physics.lbl.gov/seminars/Cartiglia.pdf

„ͺ
ὸὠ

Ὓ

ὸȡÓÉÇÎÁÌÒÉÓÅÔÉÍÅ

I. Introduction

Input
+

-

Threshold

Discriminator
Preamplifier



ÅWhat is a fast detector?

ïñPromptò signal generation

ÁTiming measurements

o Many more factors involved !!
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ÅWhat is required from the electronics?
ïLow electronics jitter

ïDeal with time walk
ÁTime walk correction

o CFD, digital signal processing, offlineé

ïAccurate conversion 

I. Introduction

ÅTime-walk correction

ïMost precise correction is based on accurate 

energy measurement 

Á Even better: waveform sampling

ï If not available: poor man ADC is ToT

ï Alternative: Constant Fraction Discriminators

Á Limited dynamic range for analog versions

Orita, NIMA 648, S24-27, 2011



II. SiPM and FE model

ÅPassive cells and load impedance form a low pass filter !
ïWe are sensing the current or the voltage on RL

ïPassive cells and parasitic capacitances create a current divider with RL

ïPeak signal goes with Cdet-1

39

Low pass filter

time constant:

tDETºRL ·Ntot· (Cq // Cd)

* Approximate: we should 

include also Cg here

D. Marano et alt., «Silicon Photomultipliers 
Electrical Model Extensive Analytical 
Analysis»,IEEE Transactions on Nuclear 
Science 61(1), 23 (2014).  

39



II. SiPM and FE model

ÅSingle cell signal for different SiPMs 
ïIn theory: same microcell size -> same (charge) ñgainò

ïPeak signal goes with CDET
-1

ïTotal charge is constant but ñdelayedò with large CDET

ÁProblem for ñfastò applications (short integration time)

o Only a small fraction of the charge is integrated: small ñeffectiveò gain !

o This issue is also regarded as ballistic deficit

S13360 2x2 mm2 50 um cell / Cap: 140 pF 

S13360 3x3 mm2 50 um cell / Cap: 320 pF

S13360 6x6 mm2 50 um cell / Cap: 1.3 nF

S14520 6x6 mm2 50 um cell / Cap:  2 nF

FAST 2025
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ts << ḎET:

Ὅ ί Ὅ ί

ts >> ḎET:
Ὅ ί Ὅ ί

CDETҧ



III. SiPM and FE model

ÅA more detailed model of the front end
ïNot just an impedance

41

41
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Neglecting Lpar

Rin

Lpar
en

in Iin*1Ý Iin

RBW

CBW

Front End model
IDET: detector current
CDET: detector capacitance
Lpar: parasitic inductances
en: input referred series noise
in: input referred parallel noise
Rin: input impedance

ḎET=RinCDET

ḆW=CBWRBW

fBW=1/(2 ·́ ḆW) : front end BW

Vint/1Ý 

IoutVint

IDET CDET

FAST 2025



„ͺ
ὔ

ὨὛȾὨὸ
S is here the single photon signal

III. SiPM and FE model: electronic jitter contribution to SPTR

ÅElectronic noise/jitter contribution of Single Photon Time Resolution 

ïOnly electronics contribution (no SPAD SPTR, time-walk, etc)

ÅSiPM overvoltage: 4.5 V

ÅAmplifier parameters
Á Rin = 15 Ý

Á BW = 500 MHz

Á Inp. ref. ser. noise: 2 nV/sqrt(/Hz)

Á Inp. ref. par. noise: 10 pA/sqrt(/Hz)

304ὙὩὰ
Ὅ

‬Ὅ
‬ὸ

Integrated output noise

1 cell signal slew rate
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ÅIncreasing preamp power helps:
ïTo improve energy resolution in fast applications 

ïTo improve timing resolution 

43

ÅS14520_6x6_50u @ 4.5 V

ÅAmplifier parameters
Á Rin = 15 Ý

Á BW = 500 MHz

Á Inp. ref. ser. noise: x-axis

Á Inp. ref. par. noise: 10, 20 and 30
pA/sqrt(/Hz)

SPTRel (ps rms) vs input referred

series noise (▪╥Ⱦ╗◑

I. Introduction: low noise preamplifiers

Lower jitter (with

more power)



I. Introduction

ÅWhat is a fast detector?

ïñPromptò signal generation

ÁTrigger systems

FAST 2025
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ÅWhat is required to the electronics?

ïLow latency

LHCb Trigger System

Á The L0 trigger has a fixed latency of 4 µs 

Á Determines which events are kept

Á Information from the electromagnetic calorimeter, 
hadronic calorimeter, and muon stations
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II. FastIC+ Measurements

ÅTDC Linearity Test (Code Density)

ïThe TDC reads 1M pulse shots from an external Pulse Pattern Generator

ïBoth TDC and PPG have different time references:

ÁTDC CLK_REF Ą TDC_IN ToA is random (uniform distribution) 

ÁA histogram with the #hits per time bin is built (total: 1024 bins)

ÁData is normalized to the CLK_REF period (25 ns).

FAST 2025

FastIC+

FastIC+ PCBDAQ
PPG

TDC_IN



BACKUP: Next Steps

ÅTiming Resolution:

ï2.5D Integration to the photodetector

ïHF Readout Front-End to improve SPTR

ïReduce the TDC time bin to reduce the jitter floor

ÅDensity: 

ïIncrease the number of channels (16, 32)

ïFastIC+32: 4x ASIC BGA

ÅScalability:

ïDaisy Chain: Data & Trigger lines shared by N ASICs

46

FAST 2025

FastIC+32 BGA: Early 2025 (exp.)
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BACKUP: Chip Measurements (typical configuration)

ÅPower Consumption

ïFastIC (2020): 96 mW (12.0 mW/ch)

ïFastIC+: 109.1 mW (13.6 mW/ch)

ÁAnalog: 77.1 mW (9.6 mW/ch)

o Analog Front-End: 73.7 mW

o Analog Drivers: 3.4 mW (-18mW wrt FastIC)

ÁDigital: 32 mW (4 mW/ch, +31mW wrt FastIC)

o PLL: 21 mW (15 mW if PLL is powered at 1.0V)

o TDC Front-End Readout: 8 mW

o TDC Back-End Readout, I2c, etc.: 3 mW

FAST 2025

THE EFFECTIVE POWER 
OVERHEAD OF THE TDC IS 

7~13 mW



BACKUP: Time + Energy readout

Input signal

Shaper Output

Timing-OR

Time     +        Energy

Ch Out

Captured by the TDC

Å FastIC provides a measurement of the time and energy per channel in two consecutive pulses.

48

Time scale: 100 ns



BACKUP: NPTR (TDC PLL Off) [Oscilloscope]
49

FAST 2025



BACKUP: NPTR (TDC PLL On) [Oscilloscope]
50
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BACKUP: NPTR (FE+TDC) [Digital]
51
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BACKUP: CTR
52

FAST 2025

Å SiPMs: FBK NUV-HD-MT LF M0 3x3 mm2 50 

‘m SPAD

Å Crystal: L(Y)SO:Ce:0.2%:Ca:0.2% TAC 2x2x3 

mm3

Å HV: 47.5V

Å Only events that belong to the photopeak 

contribute for CTR. 

Å Events inside [1.5„, 2.0„] are analyzed. No big 

difference has been observed (~ 0.5 ps, always 

inside the timing error) when changing the 

range.  

Å Timing bin: 25 ps.



ÅControl board contaning an

ALTERA MAX10 FPGA.

ÅThe FPGA controls the

ASIC through I2C & reads

the Aurora digital data 

stream
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BACKUP: Stacked PCBs. Control Board



ÅTest Board including two

FastIC+ chips.

ÅThe board enables to inject

electrical signal for

characterization of any pulse 

shape.

ÅThe board enables to connect

SiPMs in POS, NEG and DIFF.

ÅExternal connector to be 

employed with any sensor.
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BACKUP: Stacked PCBs. ASIC Board



ÅCompact & Low-Cost 

Demonstration Board.

ï60x60 mm2 (V2.0)

Å16 Channels (2 ASICs).

ÅFor research & educational

purposes.

ÅAvailability: early 2025
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BACKUP: FastIC+ Demo Board [NEW]

FastIC+ Demo Board V1.0



Parameter Value
Technology 65 nm CMOS TSMC 

Power consumption
~ 12 mW/ch in SE mode (VDD = 1.2 V), depends on operation mode (~ 3 

mW/Input Stage). Non-Linear ToT 6 mW/ch.

Input voltage Adjustable input node DC voltage.

Number of channels
Input channel configuration (current mode processing): 8 Single Ended (SE) 

or 4 Differential (DIFF).

Connection Type Configurable SE (Pos/Neg polarity), DIFF, Sum of 4 (Pos/Neg polarity)

Electronics Time Jitter
~ 30 psrms SPTR (330 pF 3x3 SiPM, LCT5 S13360 SiPM, Vov = 4.5 V, L = 

1.2 nH)

Energy Resolution Linear (~ 2.5 % Linearity error)

Dynamic Range
The linear energy measurement has 10-bit dynamic range up to ~25 mA of 

input current.

Maximum Rate
~ 2 MHz (Linear ToT readout)

> 50 MHz (Non-linear ToT. Pulse-shape-dependent)

Testing and Calibration Yes

Interface I2C

Output
Configurable Digital (single-ended CMOS or differential SLVS) or Analog 

output (10 pF load).

BACKUP: FastIC design specifications
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III. FastIC+ TDC Block Diagram

ÅTDC Processing chain:

57

PLL

FEROFEROFERO
x9

8xTime+Energy

1xTrigger

VCOPhase<15:0> VCOCounts<4:0>

FEROFEROBERO
x9

Arbiter & 
Mux

Global 
FIFO

Serializer
101101é

RefClk (40 MHz)

Statistics

SyncRst

CoarseCounts<11:0>

CoarseCounts<23:0>

Coarse 
Counter

FAST 2025



III. FastIC+ TDC Block Diagram

ÅPLL Macro:
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III. FastIC+ TDC: PLL design ïBlock Diagram
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ÅFeatures:

ï PLL M: 32

ï VCO stages: 16 (td<25ps)

ïRadiation Hard
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III. FastIC+ TDC: PLL design ïBlock Diagram
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ÅCharge Pump:

ï 3-bit adjustable ICP: [4uA~67uA] (default: 40uA)

ï Regulated Cascode Current Mirror

ï Vctrl feedback loop 

Digital
Ph Det

Charge
Pump

Loop 
Filter

Clock
Manager

ClkRef

(40 MHz)

ClkFb

(40 MHz)

C
lk

S
e

r

C
lk

F
s
m

C
lk

T
d

c

C
lk

V
c
o

Chg

Dch

Digital
Flow

Analog
Flow

VCIn

VCFilt

VCO Buffers

16 16

ClkVcoô

(1.28 GHz)

VCtrl
VcoPhase<15:0>

(Thermometer 

Encoding)

5

VcoCounts<4:0>

(Gray Counter)

To TDC

FEROVCO

Chg

DCh

i_ref i_ref

+
-

vref_n +
-

vref_n

+
-

vref_p

vref_p
12uA

i_ref

VCIn+
-

VCFiltvref_n



III. FastIC+ TDC: PLL design ïBlock Diagram
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ÅLoop Filter:

ï 3-bit adjustable R1: [0.51kÝ~4.08kÝ] (default: 2.55kÝ)

ï 3-bit adjustable C1: [13pF~104pF] (default: 65pF)

ï 3-bit adjustable C2: [1pF~8pF] (default: 5pF)
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