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Î ASICs are one of the key complex technologies available to 
detector designers  

Î ASICs  are essential for integration scale, low power 

dissipation, high speed capability, radiation tolerance  

Î For future experiments in the intensity, cosmic, and energy frontiers 
ASICs should provide new level of functionality at a new set of 

constraints and trade-offs, like low-noise high-dynamic range 
amplification and pulse shaping, high-speed waveform sampling, 
low power digitization, fast digital data processing, serialization and 
data transmission  

Î All chips should allow minute almost 3D assemblies  

Î The talk presents overview of the state of the art and trends in 
nowadays chip design, basing partially our ASIC lab experience. 
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Î Trends in integrated circuit development 

Î Experience in establishing the ASIC design center 

Î Design center infrastructure 

Î Chip prototyping 

Î Design route and its main stages 

Î Example projects 

Î Conclusions 
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CMOS technology has followed Mooreôs Law for 50 years, shrinking devices 

and interconnect to smaller and smaller dimensions, with many 

technological tricks and challenges to achieve this in the transistors, the 

lithography and the metallization 

 

 

 

 

 

 

  
In 2011 Intel made a significant innovation of the first 22nm 3-D 

tri-gate silicon transistors. Instead of a thinner dielectric, 

transistors were redesigned with wider dielectric layers that 

surround a fin shape. This  improves the control of electric field, 

reduce current densities and leakage, and diminish process 

variations 



* ñMore-than-Mooreò White Paper, 
http://www.itrs.net/ITRS%201999-
2014%20Mtgs,%20Presentations%20&%20Links
/2010ITRS/IRC-ITRS-MtM -v2%203.pdf 
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Functional diversification*:  

Incorporation into devices of functionalities that do not 

necessarily scale according to "Moore's Lawñ, but provide 

additional value in different ways 

The approach allows for 

the non-digital 

functionalities to migrate 

from the system board-

level into the package 

(SiP) or onto the chip 

(SoC)  

http://www.itrs.net/ITRS 1999-2014 Mtgs, Presentations & Links/2010ITRS/IRC-ITRS-MtM-v2 3.pdf
http://www.itrs.net/ITRS 1999-2014 Mtgs, Presentations & Links/2010ITRS/IRC-ITRS-MtM-v2 3.pdf
http://www.itrs.net/ITRS 1999-2014 Mtgs, Presentations & Links/2010ITRS/IRC-ITRS-MtM-v2 3.pdf
http://www.itrs.net/ITRS 1999-2014 Mtgs, Presentations & Links/2010ITRS/IRC-ITRS-MtM-v2 3.pdf
http://www.itrs.net/ITRS 1999-2014 Mtgs, Presentations & Links/2010ITRS/IRC-ITRS-MtM-v2 3.pdf
http://www.itrs.net/ITRS 1999-2014 Mtgs, Presentations & Links/2010ITRS/IRC-ITRS-MtM-v2 3.pdf
http://www.itrs.net/ITRS 1999-2014 Mtgs, Presentations & Links/2010ITRS/IRC-ITRS-MtM-v2 3.pdf
http://www.itrs.net/ITRS 1999-2014 Mtgs, Presentations & Links/2010ITRS/IRC-ITRS-MtM-v2 3.pdf
http://www.itrs.net/ITRS 1999-2014 Mtgs, Presentations & Links/2010ITRS/IRC-ITRS-MtM-v2 3.pdf
http://www.itrs.net/ITRS 1999-2014 Mtgs, Presentations & Links/2010ITRS/IRC-ITRS-MtM-v2 3.pdf


ÎFinFet 

ÎFully Depleted SOI 

ÎThrough-silicon via 

ÎWafer-to-wafer stacking 

ÎTruly 3D monolithic CMOS 

ÎNew materials (III-IV, Ge, GaN, SiC, etc.) 

ÎNew phenomena: non kT/q controlled thresholds 
slopes 

Îȣ 
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Each strip corresponds to a separate ASIC project 

No correlation between the number of prototype cycles and the number of ASICs needed 
A. MarchioroΣ ά/ŀƴ I9t !ŦŦƻǊŘ tǊƛǾŀǘŜ at² wǳƴǎ ƛƴ ǘƘŜ CǳǘǳǊŜΚέΣ tǊƻŎΦ рǘƘ ƛƴǘŜǊƴŀǘƛƻƴŀƭ meeting on Front End Electronics for High 
Energy, Nuclear, Medical, and Space Applications, Snowmass Village, Colorado, June 2003 



A. Marchioro / CERN  

 
~1 000 000 custom chips ( of 20 types) 

Compact Muon Solenoid 



Î The increasing quantity of elements at a simultaneous 

increase in their complexity and density. Moore law is still 

valid Ą Increase in integration scale 

Î Digital signal processing part more and more replaces 
analog one (250nm Ą 10 Kgates/mm2 ȣ 28 nm Ą 3900 
Kgates/mm2)  

Î Design cost is increased comparing to manufacture one  

Î Design timeline and number of prototype cycles (respins) 

are reduced 

Î For the majority of projects the minimum set of ASICs is to 

be developed in a one well verified process (LHC Ą IBM 

130 nm, SLHC Ą TSMC 130&65 nm, FAIR Ą  UMC 0.18 

Õm) Ą Standardization 
14 



Î ASIC adaptation for other projects as criterion of economic 

efficiency Ą Universalization For ex., CBM STS & MUCH 

should be served by the same ASIC, having changeable 

front-end (preamp-shaper) 

Î Functionality increase at a limited power consumption 

budget 

Î Increase in demand for a high technology (expensive) 

product. The accent at design is done at system 

(architectural) questions Ą SOCs (systems on a chip) 

dictate a mixed-signal character of design flow 

Î The demanded number of ASIC wafers is small and can't 

interest a manufacturer (106 channels at ~100 chs/chip 

and ~1000 chips/waferĄ ~10 wafers only) 
 15 



Î Design is based on the usage of constantly modernized: 

1)Computer Aided Design (CAD) systems (Cadence, Mentor Graphics, 

Synopsys, Agilent),   

2)technological libraries or  

Design Kits (elements,  

standard digital and IP blocks),  

including 

3)design rules of manufacturer,  

the quantity of which quickly  

grows for advanced 

technologies (> 2000 for 22 nm) 

Î Necessity of a fast and actually continuous retraining of experts 

Î Close integration of the design centers for both chip and system 

(hardware) level 
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Î Use technologies more and more advanced (with life time till 

2020), but well characterized for design tools and having a 

reasonable cost Ą UMC ʄʄRF CMOS  0.18 Õm ï main 

technology for FAIR (choice of 2005)   

Î Extremely compressed timeline for each cycle of custom 

design (4-6 months) and the presence of the necessary 

updated CAD tools at all levels of design  

Î Skilled staff of preferably young engineers (till 2020) 

Î Start-to-finish (system level) design is necessary: Structural 

and behavioral modeling Ą Design of IP blocks at transistor 

level and that of systems at high-level language Ą Layout 

Ą Verification (ERC, DRC, LVS, PE, PS) Ą GDSII 

17 
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Å Improvement of radiation hardness against total dose effects for new 

commercial CMOS processes. At the same time  there is a wide 

spread of parameters among various manufacturers and no 

guarantee of long-term stability 

ÅRadiation-hardness processes   

lag behind commercial ones  

for 5-7 years (more than three  

generations according to Moore) 

ÅRadiation hardening of  

modern ASICs is provided  

by a wider usage of commercial CMOS processes  

and a refinement of  different  

methods and means, used at  

early design stages (rad-hard by  

design) 
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ÅRad-hard technologies are not economically efficient.  For 

them there exists only a small volume of orders 

 

ÅDesigner experience allows to carry out only a correct 

choice of the manufacturer, who can provide specific target 

requirements 

 

ÅActive investigation of radiation effects for new bulk CMOS 

technologies and their compiling into the standard of design 

rules and CAD tools (Calibre, Assura, QRC, etc.) both at 

element and behavioral levels 
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ÅA number of rad-hard applications will demand the design of 

rad-hard components and their manufacture in a radiation 

hardened  technology to meet rigid requirements. The part 

of such ASICs will be decreased each year 

ÅContinuous improvement of very complex rad-hard systems 

will critically depend on the introduction of commercialized 

microelectronic innovations in these systems 

ÅRaising the limiting complexity of these systems to the level, 

reached in commercial technologies, will demand a shift of 

many projects in the direction of creating radiation-tolerant 

components, using traditional commercial technologies, 

applying the methods of maintaining an acceptable radiation 

hardness 
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Î 1) Industrial (commercial) CMOS technology with use of 

methods ñrad-hard-by-designò 

 

Î 2) Rad-hardened technology, according to the Moore 

law, lags more than 3 generations behind the commercial 

CMOS one 

 

 Thus, the practical dilemma is:  

 What is better  

 either a rad-hard 350 nm process  

(for example, silicon-on-isolator) 

 or 

  a bulk CMOS 130 (90) nm process? 
22 



Î Circuital (reservation, redundancy, coding, adaptive 

biasing and & so on)  

 

Î Layout (guard rings, ring transistors, and so on) 

 

Î Technological (low volume CMOS, SOI, trench isolation, 

& so on). The required rad-hardness level is provided by 

a semiconductor structure choice  and use of the special 

technological processes 
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Î Refinement of traditional non- rad hard libraries for CAD 

Î Elaboration of additional design rules, improving rad-
hardness at the following 3 levels of design: 
1) Transistor level 

 2) Level of cells, gates and IP blocks 

 3) System level 

Î Creation of calibrated test structures and expansion of the 
scaled element libraries 

Î Monitoring and statistical analysis of the ASIC rad-hard 
stability, provided at manufacture 

Î Rad-hard tests of chips at both passive and active work 
modes 
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