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Principles and Classification of TDC
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Applications in Radiation Detection
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¸ High energyphysical experiment (e. g. STCF)
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¸ Positron emissiontomography (PET)

¸ Fluorescencelifetime imaging microscopy(FLIM)



Architectural Considerations
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Design requirements (for the EMC in STCF)

Process CMOS 180 nm

Number of channels Ó 6

Resolution < 100 ps

Dynamic range > 1 ɛs

Linearity DNL < 1 LSB, INL < 1.5 LSB

Sample rate > 4 MHz
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An 8-channel3-step VDL
basedTDC ASIC designed
in 2022
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The Structure and Working Principle
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The Design of DLL and PLL
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The Design of 3-Step TDC
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The Design of 3-Step TDC
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¸ The3rd Step: VernierDelayLoop
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Testing Results
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¸ TestingSystem
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Performance Comparison
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Year, ref
Process size 

(nm)
Number of 

channels/pixels
Type

Dynamic 
Range (ns)

LSB (ps) SSP (ps)
DNL/INL 

(LSB)

2012, [1] 130 16 GRO 3700 56.5 325 (system) -

2012, [2] 130 1024 Delay line 100 119 78.5 0.4/1.2

2014, [3] 350 48 GRO 51.8 3390 93.2 1.97/2.39

2019, [4] 150 128 GRO 81.8 80 196 (system) 0.2/2.4

2020, [5] 350 1 VDL 10 78 97.6 0.04/0.58

This work 180 8 VDL 2560 41.7 56.2 0.37/1.26

Reference:
[1] D. Tyndall et al. ñAhigh-throughputtime-resolvedmini-silicon photomultiplierwith embeddedfluorescencelifetime estimationin 0.13

ɛmCMOS,òIEEETrans. Biomed. CircuitsSyst., vol. 6, no. 6, pp. 562ï570, Dec. 2012.

[2] M. Gersbachet al., ñAtime-resolved,low-noisesingle-photonimagesensorfabricatedin deep-submicronCMOStechnology,òIEEE J.

SolidStateCircuits,vol. 47, no. 6, pp. 1394ï1407, Jun. 2012..

[3] S. Mandaiet al. ñA780 800ɛm2 multichanneldigital silicon photomultiplierwith column-paralleltime-to-digital converterandbasic

characterization,òIEEETrans. Nucl. Sci., vol. 61, no. 1, pp. 44ï52, Feb. 2014.

[4] E. Manuzzatoet al.,ñA16 8 digital-SiPM array with distributedtrigger generatorfor low SNR particletracking,òIEEE Solid-State

CircuitsLett., vol. 2, no. 9, pp. 75ï78, Sep. 2019.

[5] E. Concaet al., ñLarge-area,fast-gateddigital SiPM with integratedTDC for portableandwearabletime-domainNIRS,òIEEE J. Solid-

StateCircuits,vol. 55, no. 11, pp. 3097ï3111, Nov. 2020.



Prospects and Thoughts
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¸ How to improve resolution ?

V Higher clock frequency: less accumulated

jitter butmorepowerconsumption.

V More delayunits in DLL: moreaccumulated

jitter andmorepowerconsumption.

V Auxiliary circuits like time-amplifier: more

complicatedandworselinearity

¸ How to improve SSP?

V Frequencysynthesizerwith low noise: LC-

VCO basedPLL, fully differentialdelayunit.

V Attenuatednoise from power supply: noise

filtering, LDO integratedonchip.

V Multi -channelaveragingfor a single event:

SSPdownsizedtoρȾὲ.

¸ How to balance the performance of

multi -channels?

V More symmetrical channels: axial symmetry,

centralsymmetry.

V In-situcalibration: like thatin HPTDC[1].

V Calibration techniques: digital scrambling

technique[2], histogram-based approach [3],

geneticalgorithm[4], delayoffsetcalibration[5] .

Reference:
[1] ChristiansenJ. HPTDCHigh PerformanceTime to Digital Converter. 2004.

[2] M. Zanuso, et al. Time-to-digital converterwith 3-ps resolutionanddigital

linearizationalgorithm,Proc. ESSCIRC(2010) 262ï265.

[3] J. Wu, Severalkey issueson implementingdelay line basedTDCs using

FPGAs,IEEETrans. Nucl. Sci. 57 (3) (2010) 1543ï1548.

[4] H. Chung,et al. A 360-fs-time-resolution7-bit stochastictime-to-digital

converterwith linearity calibration using dual time offset arbiters in 65nm

CMOS,IEEEJ. Solid-StateCircuits56 (3) 940ï949.

[5] H. Chung,et al. A 10-Bit 80-MS/sdecision-selectsuccessiveapproximation

TDC in 65-nmCMOS,IEEEJ. Solid-StateCircuits47 (5) (2012) 1232ï1241.



A 6-channelTA-basedTDC
ASIC designedin 2023
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The Design of TA -based TDC
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The Layout and Simulation Results

16

0.9 mm

0
.2

 m
m

Interpolator & Synchronizer

Vernier Delay Loop

TA
C

o
u
n

te
r

¸ Thelayoutof singlechannel.

¸ Thechip

Photograph

.

¸ Simulationof TAôsinput-outputcurve.

¸ Simulationof TAôsmagnification.


