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Introduction

Motivation - Applications
* Time-of-Flight (ToF)

- LIiDAR / RADAR [1]

- Landscape Mapping (Multipixel)

» Time-Resolved Biomedical Imaging

- Fluorescence Lifetime Imaging (FLIM)

— Neurophotonics [2]

- Positron Emission Tomography (PET)

+ Misc.
- FPGA as ADC [3]
- Fault injection / detection (Cryptography) [4]

[1] Innosuisse - EastPeak

[2] A low-cost FPGA-based approach for pile-up corrected high-speed in vivo FLIM imaging
[3] An FPGA-based 7-ENOB 600 MSample/s ADC without any External Components
[4] Sneaky Glitch: A Clock Glitch Generator to attack the AMD-Xilinx PLL
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https://www.aramis.admin.ch/Texte/?ProjectID=56540
https://www.spiedigitallibrary.org/journals/neurophotonics/volume-12/issue-2/025009/A-low-cost-FPGA-based-approach-for-pile-up-corrected/10.1117/1.NPh.12.2.025009.full
https://www.ost.ch/de/publikation/an-fpga-based-7-enob-600-msamples-adc-without-any-external-components-1917
https://www.researchsquare.com/article/rs-4472610/v1
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Introduction

Key Performance Indicators

« Measuring Range

* Resolution
- LSB (mean delay)

e Dead Time

 Bubbles
« 001001111 - 000011111
« 110101000 - 111100000

 Nonlinearities
- DNL
« INL

* Precision

2

« 0%rpe X 0% + 0%y [5]

[5] 128-Channel High-Linearity Resolution-Adjustable Time-to-Digital Converters for LIDAR Applications: Software Predictions and Hardware Implementations
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Introduction

TDC: ASIC vs. FPGA

ASIC

FPGA

v Linearity

x High-Cost

x Fixed Design

x Long Development Time

% Linearity
v" Scalability & Flexibility
v" Cost-Effective

v" Fast Prototyping
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[6] What is an FPGA and how does it work
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Convers

Considerations for Linearity

Nonlinearity Effects

TDL Histogram Ultrascale+
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Considerations for Linearity

Nonlinearity Effects

TDL Histogram Ultrascale+
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Conversion on a 16-nm Ultrasca le+ FPGA
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Considerations for Linearity

Nonlinearity Effects

TDL Histogram Ultrascale+
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Considerations for Linearity

DNL and INL

DNL Ultrascale+
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[9] Calibration Methods for Time-to-Digital Converters
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Considerations for Linearity

TDL Placement
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Considerations for Linearity

Die vs. Die

. INL Artix-7
2_
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19 | IMES 19.05.2025 O OST



Temperature Stability

TDL Length vs. Temperature

« Determination of the number of delay elements required to map one period of a 600MHz
(Ultrascale+ & Arria10), 625MHz (Ti180), 400MHz (Cyclone V), 380MHz (Zynq7000) clock

TDL Length
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0

_ Ultrascale+ [16nm] | Ti180 [16nm] Arria10 GX [20nm] | Cyclone V [28nm] Artix-7 [28nm]
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TDL Length 863 - 887

LSB

FEEVWCERAEUEN I 2.78%
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Performance Overview

Overview

« Measurements from -20°C to 80°C

- Ultrascale+ [16nm] | Ti180 [16nm] Arria10 GX [20nm] | Cyclone V [28nm] | Artix-7 [28nm]
A 863 887 79 81 204 389 147

217 366
LSB 1.88ps 1.93ps 19.75ps 20.25ps 7.68ps 8.17ps 6.77ps 7.19ps 17.43ps 17.90ps

151

DNL min -0.99 -0.79 -1 -1 -0.99
DNL max 9.92 1.48 9.67 5.95 3.26
INL min -3.23 -1.63 -4.07 -30.78 -4.04
INL max 28.99 1.11 1359 22.91 4.64
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Performance Overview

Different Families
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Xilinx Ultrascale+ Efinix Titanium Family

[10] UltraScale Architecture Configurable Logic Block User Guide (UG574)
[11] Efinity Quantum Ti primitives ug v2.0
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Conclusion

Take-Aways

« Deep Understanding of Low-Level Architecture Required
* Precise TDL Placement is Critical

« Each TDL Requires Individual Calibration

Efinix Ti180 [16nm] Artix-7 [28nm] Ultrascale+ [16nm] Arria10 GX [20nm] Cyclone V [28nm]

v Good Linearity v Good Linearity x Bad Linearity Moderate Linearity x Bad Linearity

v~ Almost no Bubbles v" Small Bubbles Moderate Bubbles Moderate Bubbles x Big Bubbles
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Conclusion

Questions

IMES
Oberseestrasse 10
8640, Rapperswil SG
Schweiz

£
Q SAFRAN

SAFRAN VECTRONIX AG

24 | IMES 19.05.2025 O OST




25

Introduction

IMES: Overview Expertise

Microelectronics:

. ASIC Design Analog

. ASIC Design Digital

. ASIC Design Mixed — Signal
. Design for Test

Embedded Systems:

. Ultra Low Power Systems

. Edge Computing

. Robotics and Smart Drives

. Embedded Artificial Intelligence
. Real-Time Data Processing

Sensors

. Photonics

. Medical

. Inductive Sensors

. Capacitive Sensors
. Ultrasonic Sensors
. Further Sensor Principles

Advanced System Technologies

. FPGA Design

. Hardware acceleration for cryptographic systems

. Side Channel analysis in cryptographic systems

. Time to Digital Converters

. Hardware acceleration for stream-based data processing
. Hardware acceleration for machine learning/deep learning

IMES

Microelectronics

We develop application specific CMOS circuits
(ASIC) with analogue and digital functions. Our
focus is on sensor front-end circuits and low power
systems.

paul.zbinden@ost.ch / guido.keel@ost.ch

Embedded Systems

From ultra-low power to real-time data proces-
sing: We implement intelligent microcontroller and
FPGA solutions from resource-constrained devices
to high-performance multiprocessor systems.
andreas.breitenmoser@ost.ch / lars.kamm@ost.ch

Sensors

We are pleased to offer our support in the develop-
ment of sensor systems, from feasibility studies and
prototype development through to qualification
and product development.

guido.keel@ost.ch / michael.lehmann@ost.ch

19.05.2025

Advanced System Technologies

Do you have innovative ideas and need help imple-
menting them with a new type of computing tech-
nology? Are you interested in low latency or high
throughput?

dorian.amiet@ost.ch / paul.zbinden@ost.ch
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Considerations for Linearity

Code Density Test

TDL

IMES
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FPGA Families

Different Families

Cout

4-LUT
with Carry Chain

EN CLK SLn Aln

Microchip PolarFire

[12] PolarFire SoC Fabric UG VB
[13] Certus-NX Family Data Sheet
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