\2 .
XN
‘ ‘n?
N

ASIC DESIGN FOR PARTICLE
PHYSICS AND ASTROPHYSICS

Eduard ATKIN

dep. of Electronics& ASIC Lab
e-mail: evatkin@mephi.ru

tel. +{499) 32425-97

International Conference on Particle Physics and Astrophysics (120P3) 5-10 Oct 2015, Moscow


mailto:atkin@eldep.mephi.ru
mailto:atkin@eldep.mephi.ru
mailto:atkin@eldep.mephi.ru

Abstract

ASICs are one of ths = complex available to
detectordesigners

ASICs are essential fo- :

For future experiments the intensity, cosmic, and energy frontier
ASICs should provide new level of functionality at 2.

, like lownoise highdynamic range
amplification and pulse shaping, higgpeed waveform sampling,
low power digitization, fast digital data processing, serialization a
datatransmission

All chips should allow minute almost Z3semblies

The talk presents overview of the state of the art end In
nowadays chip design, basing partially our ASIC lab experience.
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Integrated Circuit Complexity
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Cost per transistor

mm?/ Transistor $/ mm?2 $ / Transistor

(normalized) (normalized) (normalized)

Intel 14 nm Continues to Deliver Lower
Cost per Transistor




Up-to-date world-wide technologies

@Roadmap

Intemational Technology Roadmap for Semiconductors

Technology generations (nm)

2004 2007 2010 2013 2016

Technology 90 65 45 32 22
Node [nm]
Transistor 1500 3092 6184
count [Mtr]
Transistor 77 154 ) Oxide thickness (nm)
Density ?
[Mtr/em2]
Chip Size 140 E |
Clock freq 3 g
[GHz] S [
Vdd 1.2 11 g 't

s |
DRAM half 90 65 SN2t
pitch 3 |
Signal IO 512 1024
Pads : P B = o

3 & » o z
Power Pads 1024 ot T T R e e &
300 260 200 50 100 &0 0

in 1997, a8 gate oxide
was 25 silicon atoms thick.

In 2012, a gate oxide wall
be five silicon atoms thick.



Technology variety

10um

More than Moore: Biochips,
MEMS/NEMS, Flexible electronics
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CMOS roadmap

Critical dimension (nm)
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Year  appo 2010 2020

1960 1980 2000 2020

1nm

, Integrated systems in the mott@an-Moore Era: Designing leaost energy efficient systems using

heterogeneous components/ 23rd International Conference on VLSI Design,

2040

2060

" Beyond CMOS: spintronics,
nanotube/nanowire, QCA, etc
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What is after More Moore?

CMOS technol ogy has foll owed Mooreo

and interconnect to smaller and , With many
technological tricks and challenges to achieve this in the transistors, the
‘and the

22 nm 3-D Tri-Gate Transistor

Traditional Planar Transistor

22 nm Tri-Gate Transistor

In 2011 Intel made a significant innovation of the first 22nm 3-D
silicon transistors. Instead of a thinner dielectric,

transistors were redesigned with wider dielectric layers that

surround a . This Improves the control of electric field,

reduce current densities and leakage, and diminish process
variations



More than Moore

Functional ;
Incorporation into devices of functionalities that do not
necessari ly scale according t

Valid for pure digital designs

The approach allows for
the non-digital
functionalities to migrate
from the system board-
level into the package
(SIP) or onto the chip
(SoC)

Many analog functions do not scale

Solution
More than Moore
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More than Moore

FinFet

FullyDepletedSOl

Throughsilicon via
Waferto-waferstacking

Truly 3D monolithic CMOS

New materials (HV,Ge GaN SIC etc.)

New phenomena: nokT/q controlled thresholds
slopes
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More Moore: Miniaturization
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More than Moore

More than Moore: Diversification

Sensors

. e - ..
Analog/RF Passives [e.S.ﬁE‘l’\Hg] Biochips

Information
processing

Digital content

System-on-chip
(SoC)

International technology roadmap for semiconductors , 2012 Update Overview
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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
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ASIC development trends

The Increasing quantity of elements at a simultaneous
Increase In their complexity and density. Moore law is still
validA |

part more and more replaces
analog one (250nm A 10 Kgategmm? 8 28 nm A 3900
Kgatedmm?)

IS Increased comparing to manufacture one

Design and number of prototype cycles (respins)
are reduced

For the majority of projects the minimum set of ASICs is to
be developed in a one well verified process (LHC A IBM
130 nm, SLHC A TSMC 130&65 nm, FAIR A UMC 0.18
OmA
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ASIC development trends (2)

ASIC adaptation for other projects as criterion of economic
efficiency A For ex., CBM STS & MUCH
should be served by the same ASIC, having changeable
front-end (preamp-shaper)

—unctionality increase at a limited
oudget

ncrease in demand for a high technology (expensive)
oroduct. The accent at design is done at system
(architectural) questions A (systems on a chip)
dictate a character of design flow

The demanded number of ASIC wafers is small and can't
Interest a manufacturer ( at ~100 chs/chip
and ~1000 chips/waferA ~ only)
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ASIC development trends (3)

Design is based on the usage of constantly modernized:

Computer Aided Design ( ) systems (Cadence, Mentor Graphics,
Synopsys, Agilent),

Number of Number of metal
design rules - layers

=
o

technological libraries or

(elements,
standard digital and IP blocks),
Including

design of manufacturer,
the quantity of which quickly
grows for advanced
technologies (> 2000 for 22 nm)
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Necessity of a fast and actually continuous of experts

Close of the design centers for both chip and system

(hardware) level
16



Technology choice for FAIR

Use technologies more and more advanced (with life time till
2020), but'well characterized for design tools and having a
reasonable cost A I main
technology for FAIR (choice of 2005)

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

Skilled staff of preferably (till 2020)

Start-to-finish (system level) design Is necessary: Structural
and behavioral modeling A Design of IP blocks at transistor
level and that of systems at high-level language A Layout
A Verification (ERC, DRC, LVS, PE, PS) A GDSII

17



Radiation environment is not friendly

Radlat/on levels n Atlas
Charged particles, full view ==

A.Marchioro/ CERN [4] 18



Trends for radiation-hardened ICs

A Improvement of radiation hardness against total dose effects for new
processes. At the same time there is a wide
spread of parameters among various manufacturers and no
guarantee of long-term stability

A Radiation-hardness processes

. n Commercial CPUs
commercial ones %
for 5-7 years (more than three §s
. c -
generations according to Moore) =Sl
o)
A Radiation hardening of s Rad-Hard CPUs
modern ASICs is provided - 5
by a wider usage of commercial '
: : 0.01
and a refinement of different I T
methods and means, used at Year of Introduction
early deSign StageS ( , Improving Integrated Circuit Performance Through the
Application of Hardnesky-Design Methodology IEEE Transaction
) on Nuclear science, v. 55, N4, 2008, p.12035
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Trends for rad-hardened ICs (2)

A Rad-hard technologies are economically efficient. For
them there exists only a small volume of orders

A Designer experience allows to carry out only a correct
of the manufacturer, who can provide specific target
reguirements

A Active of radiation for new bulk CMOS
technologies and their Into the standard of design
rules and CAD tools (Calibre, Assura, QRC, etc.) both at
element and behavioral levels
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Short summary on rad-hard ASICs

A A number of rad-hard applications will demand the design of
rad-hard components and their manufacture in a
to meet rigid requirements. The part

of such ASICs will be decreased each year

A Continuous improvement of very complex rad-hard systems
will critically depend on the introduction of commercialized
microelectronic innovations in these systems

A Raising 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
components, using traditional commercial technologies,
applying the methods of maintaining an acceptable radiation
hardness

21
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Actual task — analytical comparison of
tec the radiation hardness:

CMOS technology with use of
esi gno

ccording to the Moore
ons behind the commercial

either a rad-hard 350 nm process
(for example, silicon-on-isolator)

or
a bulk CMOS 130 (90) nm process?

22



methods for radiation

sdundancy, coding, adaptive

sistors, and so on)

e CMOS, SOl, trench isolation,
&S00 d rad-hardness level is provided by
a semiconductor structure choice and use of the special
technological processes

23



Rad-hard by design concept

of traditional nonrr rad hard libraries for CAD

-+ of additional , Improvingrad-
hardness at the following 3 levels of design
1)Transistor level

2) Level of cellsgates and IP blocks
3)System level

Creation of calibrated and expansion of the
scaled element libraries

Monitoring and statistical analysis of the ASHcl-hard
, provided at manufacture

Radhard tests of chips at both work

24



1) Now MEPhI is the
MEPhI

2) The on chip design in joint research projects with leading

RF enterprises

University — NRNU

3) Full membership (A47530) in since 2003

4) Participation in a number of physical experiments (incl.

ATLAS, ALICE in CERN and CBM at FAIR

5) Starting from 1996 MEPhI has direct
Cadence, Mentor Graphics, Synopsys, Agilent
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