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Challenges for the future  

The next generation of detectors are extremely challenging: HEP, astrophysics, photon science, etc. 

Scaling of existing technologies is necessary to be prepared for future experiments  

Simulation of 10 000 tracks in a future HL-CMS 

Tracker detector 

Unprecedented data rate of up to 50 Tb/s to be 

processed in < 4 µs with high efficiency and 

acceptable fake rate 

Low-level trigger system based 

on FPGA track reconstruction 

and fitting  

High brilliance coherent 

synchrotron source for new 

generation of photon science 

experiments: EuXFEL, 

FLASH, FLUTE, KARA, 

SLS-2, etc.  

 

Advanced beam diagnostic 

tools for new synchrotron 

and plasma accelerator 

machines. 

Complex dynamics on short time scale, terahertz detector 

technologies, sub-ps time resolution, O(100) Gb/s 

continuous data acquisition for long-time scale (sec- hrs) 
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Challenges for the future (II)  

Increased luminosity requires: 

Higher segmentation Ą O (10 ɛm) on hybrid and 

down to O(1-3 ɛm) on monolithic 

Higher hit-rate capability Ą sub-nanosecond 

Higher radiation hardness 

Tracker will be replaced for better precision and 

high rates & radiation Ą large pile-up (HL-LHC) 

Ą 4D tracking (timing within pixel layers) 

Trigger systems are essential to find rare events & 

new physics (ótriggerô)  

DAQ system, interface to, and control, front-end 

(óreadoutô) & organize data into coherent structure 

(óevent buildingô) to cope with enormous data volume 

Configuration and control of detector (órun controlô) 

Next generation of 

FPGAs  (?) 

Next generation of 

data processing  

(?) Provide monitoring of system and data quality 

(óDQMô) 
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Next generation of FPGA 
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FPGA devices for todayôs detector challegers  

Invented 1985  

(XC2064) 

SoC (Virtex-4, 2005) 

FPGA @ 300 MHz FMAX  + 
450 MHz PowerPC processor 

MPSoC (Zynq US, 2014) 

1 GHz Dual-core ARM processor + 
FPGA @ 740 MHz FMAX (all register used) 

 

MPSoC (Zynq US+, 2016) 

1.5 GHz Quad-core ARM processor + 
FPGA @ 890 MHz FMAX (all register used) 

 

RFSoC (Zynq US+, 2018) 

1.5 GHz Quad-core ARM processor + 

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

VERSAL architecture 
 

FPGA based on 7 nm TSMC (FinFET) + 

Multi-core processors +  

Radio frequency front-end (analog) +  

Artificial intelligent & complex signal 

processing (hard-core) 
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Three Ages of FPGA  

1984  1992  2000  2008  2014  

XC2064 first FPGA (1985)  

# 64 flip flops 

# 128 3-LUTs 

# 58 I/O pins 

FMAX =18 MHz (toggle) 

Tech. CMOS - 2 um 

Age of Invention 
 

ÅFPGAs are much smaller than the application 

problem size 

ÅNo tools, manual P&R 

Age of accumulation 

 

ÅCommunication is main market  

ÅDedicated logic blocks (e.g. high-speed I/O, 

multiplier)  

ÅLow cost FPGAs  

ÅIP cores for large FPGAs  

Age of expansion 
 

ÅRapidly growing FPGA sizes  

ÅIncreasing Demand for Design Automation  

ÅSRAM FPGAs first for new technology ï 

domination  

Age of  

heterogeneous 
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Heterogeneous: ZYNQ MPSoC technology 
Heterogeneous platform of the Zynq System-on-Chip (SoC) integrates, in a monolithic device, FPGA 

resources with a back-end software running on a hard-core ARM-based processor.  

FPGA programmable logic (PL) 

Multi-Processor System-on-Chip (PS)  

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 ï CERN , 12-14 June 2019  

https://indico.cern.ch/event/799275/registrations/48961/  

Quad-core ARM processor   

Dual-core real-time 

processor   

Embedded Graphics 

Processing Unit (GPUs) 

Standard peripherals hard 

IP-core 

FPGA & High-speed 

interfaces based on TSMC 

16 FinFET 

Ref. https://www.xilinx.com/support/documentation/selection-guides/zynq-

ultrascale-plus-product-selection-guide.pdf 
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Heterogeneous: ZYNQ RFSoC technology 

Analog layers  

Standard peripherals 

hard IP-core 

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

The bandwidth bottleneck of previous ZYNQ MPSoC was the bandwidth and complexity of the JESD204B 

standard communication for fast ADC/DAC 

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

product-selection-guide.pdf 
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