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INTRODUCTION

Å I would like to measure the time precisely é

Å I have quite a lot of channels é

Å I have a reasonable counting rate é 

Å I have limited money é

Å éand I really would like to see the shape of my signals!

A trade-off would be a TDC 

providing just the adequate slice 

of Waveform é



STRUCTURE OF THE WAVEFORM TDC

ÁMix of DLL-based TDC and of analog-memory based Waveform Digitizer

ÁThe TDC gives the time of the samples and the samples give the final time 

precision after interpolation => resolution of a few ps rms

ÁDigitized waveform gives access to signal shapeé

ÁConversely to TDC, discriminator is used only for triggering, not for timing

16 bits in the chip

+ 16 bits in the FPGA

© Patented
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WTDC: a TDC which also permits taking a 

picture of the real signal. This is done via 

sampling and digitizing only the interesting part 

of the signal.

Based on the digitized samples, making use of 

interpolation by a digital algorithm, fine time 

information will be extracted.

CONCEPT OF ñWAVEFORM TDCò

with Ў
ᶻ

ÁAdvantages:

- Time resolution ~ few ps rms

-No ñtime walkò effect

- Possibility to extract other signal features: 

charge, amplitudeé

- Reduced dead-timeé

ÁBut:

- waveform conversion (200 ns to 1.6 µs) and 

readout times are fast but donôt permit 

counting rates as high as with a classical TDC

ὸ ὲ ɝ Ὕz

TimeStamp: TDC

Discriminator

Threshold

CLIC !

Signal
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GLOBAL ARCHITECTURE OF SAMPIC
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One Common 16-bit Gray Counter (FClk up to 

160MHz) for Coarse Time Stamping (TS).

One Common servo-controlled DLL:  (from 0.8 to 10,2 GS/s) 

used for medium precision timing & analog sampling

One

Central 

Trigger 

block

16 Channels, 

each with:

-1 discriminator for 

self triggering

-Registers to store 

the timestamps

- 64-cell deep SCA 

analog memory

- 11-bit ADC/ cell
(Total : 1024 ADCs) 

One common > 1 GHz oscillator + counter used 

as timebase for all the  Wilkinson A to D 

converters.

12 bits

Read-Out 

interface: 

12-bit 

LVDS bus 

running 

at > 160 

MHz (> 2 

Gbits/s)

SPI Link

for Slow 

Control
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SAMPIC ASIC
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ÅTechnology: AMS CMOS 180nm

ÅSurface: 8 mm2

ÅPackage: QFP 128 pins, pitch of  0.4mm 

Á Most produced version is V3D (should have 

been called V4) submitted in December 2017 but 

received only in January 2019

Á 1300 chips have been packaged in 128-pin 

plastic TQFP package
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Å Due to the (temporary ?) stop of the CMOS 0.18µm technology at 

AMS, we looked for equivalent ones.

Å TSI Microelectronics is also proposing his own version of the 

former IBM CMOS 0.18µm technology, with some rule differences 

with AMS on the top metal layers. 

Å We migrated the design to TSI technology => SAMPIC_V5.

Å We took benefit of this new submission for improving some 

historical weaknesses (sampling at 10.2 GS/s, first sample, linearity 

of posttrig delays, internal calibration of ADC, é)

Å We also designed a second version dedicated to slower

sampling, covering the range between 350MS/s and 2GS/s.

Å Fully pin to pin compatible. Only difference is the main clock 

frequency.

Å Both versions submitted in January 2021. Back in May (very 

effective work of TSI), packaged end of May 2021

RECENT ASIC DEVELOPMENTS

SAMPIC_V5

(TSI 0,18µm technology)



Á SAMPIC is meant for digitizing a short signal, or 

only a small part of a longer one (eg rising edge) 

to extract the timing Č then the other edge is 

skipped

Á Addition of a ramp-based Time to Amplitude 

Converter in each channel seen as a 65th 

memory cell during digitizationĄ ~10bit TOT TDC

Á A TOT-based filter is also integrated in the chip

TOT MEASUREMENT

Measurementrangesbetween2 and 700ns. |  PAGE 8



SAMPIC MAIN FUNCTIONALITIES (FROM V3)

ü Waveform Sampling: 
Á Circular analog memory, sampling from 1.6 to 10 GS/s

Á 64 samples (memory depth) , possibility to read less samples => Smart Read mode of ROI 

ü Triggering: 
Á Self-Trigger : individual on chip discriminators,  channels are independent.

Á Central Trigger:  (OR, multiplicity of 2 & 3) with possibility of common deadtime or selecting only 

channels participating in decision. 

Á Channel chained : (to previous one)

Á ñPing-Pongò  or Toggling Mode: channels work in pairs. 

Á PostTrig (8-step full window very useful for low frequencies)

Á TOT-Filter : events are rejected based on the TOT value.

ü On-Chip Measurements:
Á ADC conversion (selectable between 7 and 11 Bits)

Á Auto-Conversion : conversion automatically started when an event is detected, independently for each 

channel.

Á Handshake with FPGA : permits building 2nd and 3rdLevel triggers based on many chips or boards for a 

common event selection

Á TOT : based on the signal of the discriminator

ü AUTO Calibration : 

Á Dedicated signal sources are implemented in the chip in order to perform time INL calibration in standalone 

and ADC calibration.

ü Integrated DACS: 
Áall necessary DACs for controlling the chip are integrated 

(current ramp for ADC, Ring Osc, TOT etcé)
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GLOBAL PERFORMANCES (V3 ðV5)

Á Wilkinson ADC conversion @ ~1 (1,45) GHz

ü Dynamic range of 1V 

ü Gain dispersion between cells ~ 1% rms

ü Non linearity < 1.4 % peak to peak

ü After correction of each cell (linear fit): noise = 0.7

(10GS/s) to 1.3 mV rms (1.6 GS/s)

DC transfer

function

Á Power consumption: ~10mW/channel

Á 3dB bandwidth > 1 GHz

Á Sampling rate up to 8,5 (10.2) GS/s

Á Discriminator noise ~ 2 mV rms

Á Counting rate > 2 Mevts/s (full chip, full waveform), 

up to 10 Mevts/s with Region Of Interest (ROI)

Power 

distribution

Á Time Difference Resolution (TDR):

ü Raw non-gaussian sampling time distribution due to 

DLL non-uniformities (TINL) 

ü Easily calibrated & corrected 

ü TDR goes from ~ < 5 (10GS/s) to ~18 ps rms 
(1.6 GS/s) 18 ps rms

3.5 ps rms

Ex: TDR @ 6.4 GS/s 



SAMPIC: PERFORMANCE SUMMARY

Unit

Technology AMS CMOS 0.18µm

Number of  channels 16

Power consumption (max) 180 (1.8V supply) mW

Discriminator noise 2 mV rms

SCA depth 64 Cells

Sampling speed 0.8 to 10.2 GSPS

Bandwidth > 1 GHz

Range (unipolar) ~ 1 V

ADC resolution 7 to 11 (trade-off  

time/resolution)

bits

SCA noise ~ 1 mV rms

Dynamic range > 10 bits rms

Conversion time 0.1 (7 bits) to 1.6 (11 bits) µs

Readout time / ch @ 2 Gbit/s (full waveform) < 450 ns

Single Pulse Time precision before correction 

(4.2 to 10.2 GS/s)

< 15 ps rms

Single Pulse Time precision after time INL 

correction (4.2 to 10.2 GS/s)

< 3.5 ps rms
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FROM THE CHIP TO THE SYSTEMS
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BASIC QUESTIONS LINKED TO SYSTEMSDEVELOPMENT

ü Integration

ü Connectors for fast and numerous analog signals, crosstalk

ü Number of components on board

ü Clock distribution and Synchronization : inside module/crate, and between 

systems.

ü Data Acquisition

Á Software/ Libraries Č plug and play for physicists!

Á Data Saving to disk

ü Calibration

ü If available, self-calibration can be performed on-detector

ü Triggering 

ü Coincidences, Combinatory logics, External Trig Č System Level

ü Self-triggering Ą buffers become full Ą potential loss of hit correlation



SAMPIC MODULES

64-channel module with 16-channel input 

connectors (SAMTEC QRF8)

(can be analog or differential digital)
based on a 64-channel board

16 or 32-channel module

(1 or 2 mezzanines)

64-channel module with

individual MCX inputs (up 
to 4 mezzanines)

16-channel mezzanine
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Á Based on users requests, we developed many different types of modules in order 

to offer a wide range of channel number and connectivity options

Á 16-, 32-, 48- and 64-channel modules are available.

Á Motherboard: synchronization, triggering, and acquisition.

Á Daughter-board: Front-End Interface with SAMPIC

Á Acquisition through Gbit Ethernet UDP (RJ45 or Optical), USB2


