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Principles and Classification of TDC
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Applications in Radiation Detection ORI TS
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Architectural Considerations

Design requirements (for the EMC inSTCF)

Process CMOS 180 nm
Number of channels 06
Resolution < 100ps
Dynamic range >1les
Linearity DNL<1LSB,INL<1.5LSB
Sample rate > 4 MHz
Less advanced Multi -channel High Large dynamic
process Integration resolution range
Vernier delay Multi -step

loop conversion



An 8-channel3-step VDL
basedIDC 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 15t step DoubleTriggeredCounter
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The Design of 3-Step TDC

The 3 Step. VernierDelayLoop
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Testing Results
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Testing Syste

13GHz

\)

Oscilloscope @2

Upper
Computer

Linearity (@Fe~=100MHz, with codedensitytest)

Pulse Functional
Generator

Logic Analyzer

FPGA for

control

PCB bonded

with chip

DNL (max) INL (max)
Channel 1-2 0.30 LSB -0.91 LSB
Channel 1-3 0.32LSB -1.00 LSB
Channel 1-4 0.37 LSB -1.26 LSB
Channel 1-5 0.34 LSB -1.10LSB
Channel 1-6 0.35LSB -1.16 LSB
Channel 1-7 0.30 LSB -0.87 LSB
Channel 1-8 0.29 LSB -0.70 LSB

SingleShootPrecision (@Fe~100MHz)
The SSPresultscanbe calibratedwith the

testedNL.
Tear (D) = Tresr (i) — INL(D)
Uncalibrated Calibrated
Channel 1-2 93.5 ps 62.5 ps
Channel 1-3 91.7 ps 56.2 ps
Channel 1-4 98.6 ps 66.3 ps
Channel 1-5 116.1 ps 72.1 ps
Channel 1-6 96.3 ps 61.1 ps
Channel 1-7 90.4 ps 62.5 ps
Channel 1-8 104 ps 67.1 ps

Power Consumption (@Fe=100VIHz)

Total Power

Counting Rate Consumption
0 18 mW
1 KHz 88.2 mW
4 MHz 93.6 mW
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Performance Comparison

Process size Number of Dynamic DNL/INL
channe|s/p.xe.s Range (ns) | B PS) | SSP RS (LSB)

2012, [1] 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
IReicrencelNRRRNIE R L e

I
|
' [1] D. Tyndalletal. fi Aigh-throughputiime-resolvedmini-silicon photomultiplierwith embeddedluorescencdifetime estimationin 0.13 :
L em C MO SIEEE Trans Biomed CircuitsSyst, vol. 6, no. 6, pp. 562 570, Dec 2012 |

[2] M. Gersbactetal., fi Aime-resolvedJow-noisesinglephotonimagesensorfabricatedin deepsubmicronCMOSt e ¢ h n dHEEd y , 0
' SolidStateCircuits,vol. 47, no. 6, pp. 1394 1407, Jun 2012. :

[3] S. Mandaietal. A A/80 800em2 multichanneldigital silicon photomultiplierwith columnparalleltime-to-digital converterandbasic
'char act dBEEETramsNuah 8ci, ¥ol. 61, no. 1, pp. 44i 52, Feh 2014 '
: [4] E. Manuzzatoet al., 1B 8 digital-SiPM array with distributedtrigger generatorfor low SNR particlet r a ¢ KEER @ojldEStatel
. CircuitsLett., vol. 2, no. 9, pp. 751 78, Sep 2019

[5] E. Concaetal., i L a-argagastgateddigital SiPM with integratedTDC for portableandwearableime-domainN I R $EEBJ. Solid '
| StateCircuits,vol. 55, no. 11, pp. 3097 3111, Nov. 202Q .



Prospects and Thoughts
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How to improve resolution ?

~

V' Higher clock frequency less accumulated
jitter but morepowerconsumption

V' More delayunitsin DLL: moreaccumulated
jitter andmorepowerconsumption

V Auxiliary circuits like time-amplifier. more
complicatecandworselinearity /

How to balance the performance of\
multi -channels?

More symmetrical channels axial symmetry,
centralsymmetry

In-situ calibration like thatin HPTDCI,
Calibration techniques digital scrambling
techniquél, histogrambased approach [3,

geneticalgorithm(, delayoffsetcalibration®) /

How to improve SSP?

~

Frequencysynthesizewith low noise LC-
VCO basedPLL, fully differentialdelayunit.
Attenuatednoise from power supply. noise
filtering, LDO integratedon chip.

Multi-channelaveragingfor a single event
SSPdownsizedo pf+/E.

e

' Reference |
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. FPGASs,IEEE Trans Nucl. Sci. 57 (3) (2010 1543 1548 |
: [4] H. Chung, et al. A 360fs-time-resolution7-bit stochastictime-to-digital | '
i converterwith linearity calibration using dual time offset arbitersin 65nm I
. CMOS, IEEE J. Solid-StateCircuits56 (3) 9401 949, :

[5] H. Chung,etal. A 10-Bit 80MS/SdeC|S|onselectsuccesswapprommatlon'
; TDCin 65-nm CMOS, IEEE J. Solid-StateCircuits47 (5) (2012 1232 1241



A 6-channelTA-basedlDC
ASIC designedn 2023
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The Design of TA -based TDC

Clk_Ref g VC1 VC2 OUTB
TooMby =2 > DLL 16 DLL 15
V_D_D 1+
Clk<1> ~ <16>i VTH
A 4 A 4 A 4 @.o| | Rﬂ?’ol |
Multi -phase | IN1 | OUTA 1
Hit Clock Vernier ® se - sey
C— goouanrtse? Interpolator Delay (I | I
& [ IN2 outs | Loop 81 82|
Synchronizer | = i
[ I |
] ]
L1[7:0] L2[3:0] L3[6:0] g | |
A 4 A 4 A "| ‘>|
TDC[19:0]
Data process & FIFO > /.
e e e i e e e R e = = = = ~ ~ e e e o e e S
I/ INE o L !_E-l ! \\‘ / oD i T Tz INL| % IN2
! N2 _ T | -
| - smlEm RST=~(INLNOR IN 2) | | s .
: INL D ET] b RSTA=~(IN1' IN1_D) I i o L R [
: N2_D | e SA=~(IN1" IN2_D) | s W e Vi %,
I Lo Lo . — < ! 1 =0 t=ATp
| RsTA | {1l SB=(IN2" IN2_D) : 0 t=0 t=aT :
: SA | i | l i | i SC/RSTB:~(IN2_D) : I Vrer l’OUTl -':'OUTZ \
'\ SB i |_| i i_| ’l I\ b
M SC/RSTB i_ i_l ! N ! t=Toy t=Toz )

U



The Layout and Simulation
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