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The ASIC 
revolution
q Availability of microelectronics has revolutionized modern 

instrumentation:
q Improvement in noise performance due to sensor-

readout integration
q Smaller feature sized imply better radiation 

resistance
q Smaller feature size allow complex DSP to be 

integrated in front-end ASIC

q Moving into the future performance can scale up 
considerably, provided that:

q Shared design tools are implemented
q Knowledge preservation is maintained
q Education and retention of the needed work force is 

achieved
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Future needs

qExperiments planned for the mid-term and long-
term future require:
qOperation at cryogenic temperature
qOperation in extreme radiation environments
qRapid processing of large amount of data of high 

complexity: the use of artificial intelligence/machine 
learning techniques should be exploited as much as 
possible
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ASIC for HEP: the next generation
Many technologies and 
feature sizes planned, 
increasingly costly⟹ need to 
optimize development cycles
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Application to HEP experiments 
require operation in non-
standard environments [high 
radiation or cryogenic 
temperatures…]: 
characterization of the 
technologies in realistic 
environments is key



Leveraging on government supported 
foundries
qSynergies with DOE-NNSA, DOD, NGA,  NSA, NASA

qMESA facility at Sandia Lab
qMIT Lincoln Lab
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Shared radiation requirements

Secure access for ‘mission 
critical’ tasks 350 nm→90 nm



FPGAs in HEP
qTraditionally FPGA utilized in DAQ boards between front-end and online 

computers
qAs complexity increases, several opportunity arise:

qFlexible architectures for data concentration
qClustering algorithms, possibly including machine learning or artificial intelligence 

qDominant industrial partner Intel/Xilinx
qTraining on synthesis with RTL languages, [Verilog, VHDL] & other high-

level interfaces 
qCollaboration between HEP laboratories and universities with shared 

resources and knowledge, development of shared libraries & 
standardization of approaches are important
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Simulation and common infrastructure needs

qTo optimize R&D cost, more detailed design verifications needed:
qSophisticated CAD tools are needed to verify electrical performance, in harsh 

environmental conditions:
qStringent timing requirements for HL-LHC detectors
qHarsh radiation environments for HL-LHC detectors: effects of TID and SEU rates need 

to be assessed
qFor LAr neutrino detectors operation in cryogenic environment 

qShared designs: collaborative efforts using repositories and version 
control (GIT,cliosoft)

qShared repositories allow knowledge retention and broaded
educational platform [online tutorials, IP common designs] 
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Commonly used tools
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Developing ASIC designer workforce

qWe need to educate and retain a broader and more diverse 
instrumentation work force

qDOE sponsored traineeship programs:
qHEPIC (high energy physics integrated circuits): several California 

universities (UC Santa Cruz, UC Davis, Stanford) and national laboratories 
(SLAC, LBL…)

qTRAIN-MI (High energy  physics instrumentation traineeship): curriculum in 
instrumentation and research opportunities

qBRN recommendation:  ”such skilled personnel are highly sought 
after by industry and maintaining a pipeline of students and early 
career engineers and scientists with these skills is essential”
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Develop and retain ASIC designer workforce: 
new ideas
qExpand virtual component of existing programs to broaden access
qExpand collaborative programs between laboratories and universities 

on generic R&D efforts and workforce training without restrictions to 
being work associated with a lab-sponsored project

qBroaden access to these education tools to students and junior 
researchers from universities with less established programs
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Collaboration with industries

qSBIR (Small Business Innovation Research) 
& STTR (Small Business technology transfer)  
enable the most capable domestic small 
business to engage in federally supported R&D 
and development of new products in 
collaboration with HEP researchers.
qHEP scientists can develop the instruments of the 

future
qCommercialization and broader use is achieved in 

synergistic fashion
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Nalu Scientific



Towards a  US R&D program
qExamples: CERN R&D

qWP2.1 [Alice ITS3 as a main driver ⟹ access to TowerJazz 65 nm process]
q28 nm forum – platform to develop the technolofy for the future

qEstablishing a US based R&D  program would facilitate:
qStabilization of designer work force in between projects
qReduce the development time of new architectures
qImprove and broaden the training of young scientists
qFoster innovation through collaborative efforts between universities and laboratories

qSuggestions: 
qScalable pixelated detector systems (cryogenic environment LArPix)
qps timing architectures for high radiation environment operations
q…
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Conclusions and recommendations

qResources should be identified to support:
qConsolidation and broader availability of design tools, technology modeling 

and basic IPs in a well documented web-based interface accessible to the US 
HEP community

qBroaden educational opportunities for young scientists interested in ASIC 
designs

qEstablishment of RD efforts connecting national laboratories and universities 
to develop the microelectronics needed for future experiments (ASIC & hybrid 
circuit designs,  FPGA algorithms and integration in the readout architecture of 
complex systems)

qCommunity convergence on shared designs and collaborative efforts 
needs the identification of agreed-upon design and verification tools
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