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Microelectronics for detectors: 30 years of history

Systematic design of IC for
radiation sensors started in 1984

Strong boost from LEP and LHC

ASICs are today an enabling
technology in many domains:

? Colliders
? Astrophysics (both

ground-based and space-born)
? XFEL facilities
? Medical instrumentations
? others...
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Not only HEP: LSST

The Large Synoptic Survey Telescope

8-m class telescope

Fast optical transient

800 images per night

1000 times the same sky region

Dark matter mapping

Dark energy

Neo’s

Fast 3.2 Gpixel camera

4 k×4 k CDD operating at -100◦ C

Two ASICs, one for CCD control and
one for CDD readout
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Not only HEP: fusion reactors

J. Verbeeck et al. Qualification method for a 1 MGy-tolerant front-end chip
designed in 65 nm CMOS for the read-out of remotely operated sensors and
actuators during maintenance in ITER
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Moore’s law: the first 50 years

G. Moore Cramming more components onto integrated circuits
Electronics Magazine, vol. 8, n. 38, April 19, 1965

Statements for the 1965 paper:

The future of integrated electronics is
the future of electronics itself

Integrated circuits will lead to such
wonders as home computers, automatic
controls for automobiles, and personal
portable communication equipments

The electronics wristwatch needs only a
display to be feasible today

But the biggest potential lies in the
production of large systems
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Moore’s law at play

5 MB, 1956 16 GB, 2011
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The electronics revolution workshorse

Two complementary devices with almost equivalent performance

Logic gates with minimal static power

Good analog circuits
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Dennard’s scaling

R. H. Dennard et al. Design of Ion-Implanted MOSFET’s with Very Small
Physical Dimensions
IEEE Journal of Solid-State Circuits, vol. SC-9, no. 5, Oct. 1974
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Fifty years of scaling
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Innovations in IC technologies

Source: Intel
A. Rivetti (INFN-Torino) December 17, 2015 12 / 46



The FinFET
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FinFETs in Silicon

A. Rivetti (INFN-Torino) December 17, 2015 14 / 46



Fully Depleted SOI

Source: STM

Advantages of UTB-FD-SOI

→ Fast switching speed
→ Low leakage currents
→ Dynamic control
→ “Simpler” process
→ Scalable at leat to 10 nm
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Towards 5 nm

CMOS scaling will likely continue down to 5 nm (2021-2028)

‘3D transistors: FinFET, gate all-arounde devices

Non-silicon channel materials: SiGe, III-V compounds (e.g. InGaAs)

http://arstechnica.com/gadgets/2015/07/ibm-unveils-industrys-first-7nm-chip-moving-beyond-silicon/

SiGe channel and EUV lithography
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New devices
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Scaling: a key consequence

MOS in strong inversion:
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As technology shrinks, MOS transistors behave more and more as bipolar
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Transistor’s speed

S. P. Voinigescu et al., A Comparison of Silicon and III-V Technology Performance
and Building Block Implementations for 10 and 40 Gb/s Optical Networking ICs,
IJHSES, Vol.13, No.1, paper 2, March, 2003
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The ITRS view

Tables from ITRS 2013

For RF LNA CMOS is bound to outperform even SiGe transistors

For RF power amplifiers SiGe bipolar still unbeatable

A. Rivetti (INFN-Torino) December 17, 2015 20 / 46



Back to FinFET’s

S. Hyun Park et al Performance Comparisons of III-V and strained-Si in Planar FETs
and Non-planar FinFETs at Ultra-short Gate Length (12nm)

c©IEEE, DOI:0.1109/TED.2007.915056

Silicon is at the end quite robust

FinFET’s have a better subthreshold slope, this implies closer-to-bipolar gm/ID
Novel devices like TFETs have the perspective of a gm/ID even better than bipolar!
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A look at economics

Scaling is at the end driven by the dismal science

source: Intel

Scaling has made transistors cheaper and cheaper at each generation

There is surely limit to CMOS scaling, but other technologies will come to
the rescue
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TFET on the edge?

TFET may cut digital power consumption by 80%
A. Rivetti (INFN-Torino) December 17, 2015 23 / 46



Beyond 5 nm?
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3D Integration

3D stack is a way to continue Moore’s law

It is now being more pursued by the industry

It allows in addition heterogeneous integration

3D MPW services now being regularly offered
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3D integration at play
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Progess in critical blocks: ADC

FoM =
P

2ENOB · Fs

Conversion speed of 100 - 200 Ms/sec can be achieved with 1 mW or less

SAR and its variant has become a dominant topology

Almost digital-only approach, amenable to scaling
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Ultra-scaled ADCs
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Progress in critical blocks: TDCs

TDCs are now hitting sub-ps resolutions

They are now compact and low-power blocks

A variety of architectures

Mostly digital blocks → improve with scaling
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The needs

Specs are vastly different from applications to applications

In general, we want more with less

Better space resolution

Better time resolution

More data bandwith

More in situ processing

....
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Hybrid pixel electronics

FEI-4 for ATLAS hybrid pixels

Full reticle chip

Shared-logic between pixels

Digital-only outputs

CMOS 130 nm

→ Digital-on-top design approach
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Advanced monolithics

ALPIDE chip - ALICE ITS

Hybrid-like readout
Pixel size: 30 µm×30µm
Peaking time: 2 µs

Power: 40 mW/cm2

Technology: CMOS 180 nm

→ Integration of sensing and signal processing electronics
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Full digitizing architectures
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DSP-like chips

Super-ALTRO chip, CERN
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Mixed-signal ASICs

VMM ASIC, BNL
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Time-domain signal processing

TDCs are built with digital gates or analog circuits with low dynamic range

Digitization can occur in the time domain measuring directly the ToT

Very fast and simple Wilkinson ADC can be built
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Time-domain processing
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Time-domain processing for detectors

CHIPIX65, INFN
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Fast Waveform Digitizer
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3D-TSV
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The digital divide (again...)
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Conclusions

Next ten years in front-end electronics for radiation detectors will still
be dominated by CMOS technologies

Ultra-scaled CMOS processes may provide opportunities for
extraordinary performance improvements

Ultra-scaled processes are affordable for R&D

Ultra-scaled processes can be affordable for very low or very high
volumes

Scaled and less scaled technologies will coexist for several years
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Conclusions

Need to take advantage non only from the progress on technology,
but also from those on key building blocks

3D integration coming of age

Highly complex, monolithic CMOS sensors becoming a reality

Design tools are vey powerful but also very complex
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This is complexity

Snapdragon 820, O(100) man years of work...
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