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Challenges for the future QAT
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The next generation of detectors are extremely challenging: HEP, astrophysics, photon science, €

Simulation of 10 000 tracks in a future HL-CMS
Tracker detector ‘ : High brilliance coherent
S T synchrotron source for new
generation of photon science PhOton
experiments: EuXFEL, H
FLASH, FLUTE, KARA, science
SLS-2, etc.

Advanced beam diagnostic Rea[time
tools for new synchrotron

and plasma accelerator hlgh rate

Low-level trigger system based machines. THz Scienc

on FPGA track reconstruction

and fitting
Unprecedented data rate of up to 50 Th/s to be Complex dynamics on short time scale, terahertz detector
processed in < 4 us with high efficiency and technologies, sub-ps time resolution, O(100) Gb/s
acceptable fake rate continuous data acquisition for long-time scale (sec- hrs)

Scaling of existing technologies is necessary to be prepared for future experiments
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Challenges for the future (II) AT
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® Increased luminosity requires:

a . . ,
Higher segmentation A O (10 € mon hybrid and Tracker will be replaced for better precision and

down to O(1-3 ¢ m on monolithic high rates & radiation A large pile-up (HL-LHC)
A 4D tracking (timing within pixel layers)

® Higher hit-rate capability A sub-nanosecond

Higher radiation hardness ——
e

DAQ system, interface to, and control, front-end
(réadoutd X organize data into coherent structure
(edent buildingd tp cope with enormous data volume

Next generation of
FPGAs (?)

Trigger systems are essential to find rare events &
new physics (triggero )

Next generation of Configuration and control of detector ( rén controld )

data processing
(7) Provide monitoring of system and data quality
(DMO )
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Next generation of FPGA
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MPSoC (Zynq US+, 2016)
1.5 GHz Quad-core ARM processor +
FPGA @ 890 MHz F,,,« (all register used)

MPSoC (Zynqg US, 2014)
1 GHz Dual-core ARM processor +
FPGA @ 740 MHz Fy .« (all register used)

SoC (Virtex-4, 2005)
FPGA @ 300 MHz Fyax +
450 MHz PowerPC processor

Invented 1985
(XC2064)

FPGA SoC

VERSAL architecture §
FPGA based on 7 nm TSMC (FinFE'\f)«\

Multi-core processors +

Radio frequency front-end (analog) +
Artificial intelligent & complex signal
processing (hard-core)

ACAP

RFSoC
RFSoC (Zynq US+, 2018)

MPSoC 1.5 GHz Quad-core ARM processor +

890 MHz F,,, (all register used) +
Radio frequency front-end (analog)

Device Category



Age of accumulation

Age of Invention
A Communication is main market

A FPGAs are much smaller than the application A Dedicated logic blocks (e.g. high-speed /0,

problem size q multiplier)
A No tools, | P&R Low cost FPGAs
o e A IP cores for large FPGAs Age of
heterogeneous
1984 1992 2000 2008 2014

100000

Age of expansion

A Rapidly growing FPGA sizes e

A Increasing Demand for Design Automation

A SRAM FPGAs first for new technology i (ire Leéngth
domination

XC2064 first FPGA (1985)



Heterogeneous: ZYNQ MPSoC technology AT

Heterogeneous platform of the Zyng System-on-Chip (SoC) integrates, in a monolithic device, FPGA Karisruher Institut fr Technologie
resources with a back-end software running on a hard-core ARM-based processor.
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Clocking & Debug e
SoleMNC

System
Management

IPowet‘

Functional
Safety

Pont Unt ‘

Cortex™-R5

SKIT yocto RTOS

] Memory Protecton ‘
Unit
PROJECT

128KB | 32KB -Cache | 32KB D-Cache
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Multi-Processor System-on-Chip (PS)

Programmable Logic

Storage & Signal Processing |

FPGA programmable logic (PL)

FPGA & High-speed
interfaces based on TSMC
16 FinFET

R Genera-Pupose 10 | High-Speed Connectiity ‘
'
High DensityHD VO ‘ PCio Gand

Video Codec
H.265/H.264

High-flex2 DAQ card based on ZYNQ
US+. Developed @ KIT

» Next talk: System-on-Chip FPGAs: Experience and Recommendations by Ralf SPIWOKS (CERN)

System-on-Chip (SoC) workshop i CERN, 12-14 June 2019

https://indico.cern.ch/event/799275/reqistrations/48961/ Ref. https://www.xilinx.com/support/documentation/selection-guides/zyng-
ultrascale-plus-product-selection-guide.pdf
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https://indico.cern.ch/event/799275/registrations/48961/

Heterogeneous: ZYNQ RFSoC technology *‘("’

The bandwidth bottleneck of previous ZYNQ MPSoC was the bandwidth and complexity of the JESD204B e friecneiesr
standard communication for fast ADC/DAC

Standard peripherals
hard IP-core

Up to #16 fast ADCs (12 bits) Up to #16 fast DACs (14 bits)
Analog layers

Ref. https://www.xilinx.com/support/documentation/selection-guides/zynq-usp-rfsoc-
product-selection-guide.pdf
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