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Trend: N(x) =A*exp(t/tr) t~18 months
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Up-to-date world-wide technologies

@Roadmap
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Technology variety

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

Critical dimension (nm)

" Beyond CMOS: spintronics,
nanotube/nanowire, QCA, etc
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, Integrated systems in the more-than-Moore Era: Designing low-cost energy efficient systems using

heterogeneous components/ 23rd International Conference on VLSI Design, 6




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



Technological level in Russia

THE FEDERAL TARGET PROGRAM "DEVELOPMENT OF
ELECTRONIC COMPONENT BASIS AND
RADIOELECTRONICS" FOR

Approved by the Government on November, 26th, decree N 809

2 main target indicators:

— The of modern electronic component basis is
estimated, basing on the one of microelectronic products, mastered in
manufacture

- 0.18 uym
- 0.09 um
= 0.045 ym

— There should be created 64 chip design centers in Russia

Important current tasks for Russia:

* A new Federal program on developing a chip design center network,
comprising up to 150 centers, has been approved

 Creation of an advanced national photomask center 8
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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

, “Can HEP Afford Private MPW Runs in the Future?”, Proc. 5th international meeting on Front End Electronics for High
Energy, Nuclear, Medical, and Space Applications, Snowmass Village, Colorado, June




A. Marchioro / CERN [4]



ASIC development trends

The Increasing quantity of elements at a simultaneous
Increase In their complexity and density. Moore law Is still
valid =2

part more and more replaces
analog one. (25onm =2 10 Kgates/mm? ... 28 nm =2 3900
Kgates/mm?)

Increase comparing to the one of
manufacture

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 technology (LHC -
IBM 130 nm, SLHC - TSMC 130&65 nm, FAIR > UMC
0.18 um) =2
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ASIC development trends (2)

ASIC adaptation for other projects as criterion of economic
efficiency =2

Functionality increase at a limited

budget

Increase in demand for a high technology (expensive)
product. The accent at design is done at system
(architectural) questions - (systems on a chip)
dictate a character of design route

The demanded number of ASIC wafers is small and can't
Interest a manufacturer ( at ~100 chs/chip
and ~1000 chips/wafer-> ~ only)

12



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
13



Technology choice for FAIR

Use technologies more and more advanced (with life time till
2017), butwell characterized for design tools and having a
reasonable cost 2> — main
technology for FAIR (choice of 2004)

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 (till 2017)

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

14



gness
for experimental physics”

H. Gutbrod (of2011)
Co-director of FRRC

modern
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Radiation environment in ATLAS

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

A. Marchioro / CERN [4] 16



Trends for radiation-hardened ICs

« 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

« Radiation-hardness processes

: n Commercial CPUs
commercial ones %
for 5-7 years (more than three §s
generations according to Moore) _§. 10
o)
« Radiation hardening of o 1 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 deS|g N Stag (SI) ( , Improving Integrated Circuit Performance Through the

Application of Hardness-by-Design Methodology IEEE Transaction
) on Nuclear science, v. 55, N4, 2008, p.1903-1925
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Trends for rad-hardened ICs (2)

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

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

« 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 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

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

« 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

19



Actual task — analytical comparison of
the radiation hardness:

CMOS technology with use of

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?
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methods for radiation

sdundancy, coding, adaptive

Sistors, and so on)

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

21



non- rad hard libraries for CAD
| , improving rad-
/els of design:

and expansion of the

Monitoring a al analysis of the ASIC rad-hard
, provided at manufacture

Rad-hard tests of chips at both work

22



Backgrounds for an ASIC design center in MEPhI

1) Now MEPAI is the University — NRNU

MEPhI
2) The
RF enterprises
3) Full membership (A47530) in

4) Participation in a number of
ATLAS, ALICE in CERN and CBM at FAIR

5) Starting from 1996 MEPhI has direct with
Cadence, Mentor Graphics, Synopsys, Agilent
[cadence]

UNIVERSITY SOFTWARE LICENSE AND COTJIAIMEHHE O JTHITEH3HPOBAHHN M
Planckstrale 1 MAINTENANCE AGR 1E CONPOBO! HHUH NPOrPAMMHOIO
OBECNEMEHUA
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Term of Use: Subject to ci ) the Term of Use shall be from 1-st October 2008
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on chip design in joint research projects with leading

since 2003
physical experiments (incl.
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E-Mail: p sanger @ gsice

Date As Postmark

Dear Collcague

EUROPRACTICE FULL IC SERVICE SUBSCRIPTION

Dear Professor Onyky,

With this letter we inform you, that the CBM Collaboration Board of March 10,
2005 considered the *Application for Membership” of your university, signed by Vice-
rector, Prot. B. Bogdanavich. The Board decided to include your university as
Member of the International Collaboration on the Compressed Baryonic Matter
(CBM) experiment.

| @xpress my hope, that the participation of your university in the CBM
Collaboration will be successful and fruithul

Yours sincarely.

| Virtuoso(R) Schematic Editor XL 20
} Virtuoso(R) Analog Design Environment - GXL |
| Vituoso(R) Mutti-mode Simutation
1 Virtuoso(R) Layout Suite GXL
| Viruoso(R) Analog ElectronStorm Option
Virtuoso(R) Analog VoltageStorm Option
| Assura(TM) Design Rule Checker
Assura(TM) Layout Vs, Schemalic Verifier
| Virtuoso QRC Extraction - XL
| 5OC Encounter - XL (aka Cadence (R) SOC Encounter - GPS)
ncounter Conformal Low Power - XL
Encounter Conformal Constraint Designer - XL
| Encounter(R) Test Architect - XL
Encounter(R) True-tme Test - XL
VoltageStorm
Dynarmic Gate Option 1o VokageStorm PE
VoltageStorm (transistor)
Allegro(R) PCB Design HDL - XL

AMS 8.1 Methodology Kit
vare package including / MporpaMMHbIe CPEACTBA BIIONAIOT:

Training and methodology setup Applicability consuilting for 5 days /
KOHCYNbTaLMu NO NPUMEHEHWIO B TeveHue 5 aHewn;

QRCX300
FE200GPS
CFMS500
CFM420
ET001
ET006
VSPE
VSDG
vsT1
PX3700

Tharik you for the interest that you bave shown in EUROPRACTICE.
Your Full I€ Service Membership application has been approved and your EUROPRACTICE member is:
A47530

Please ensure that this number is quoted en all correspoadeace.

any assistance on issucs relating 10 the EUROPRACTICE Software Service, please do not
ook 1o

Ifyou,
hesitate 1o contact us. We look forward o working with you in the fumre.

Yours faithfully
r {1
4 _\,? <

Laura M Cherry
EUROPRACTICE Software Service

Encl Current Version CD) Rom Design Kit Libeary
Subscription Invoice & Infarmation Sheet (unless being invoiced with Software Order)
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Europractice

offers at a reasonable price:
licensed of world leaders

access to design rules and technological libraries ( ) fora
number of nanometer and submicron (40 nm ... 0.8 um) processes,
including SiGe, SOI, A,B,

= .
@ ElZ austriamicrosystems LFoundry (.) ON Semiconductor’ @

UIvViC

access to

o

provides an inexpensive (360...7900 Euro/sq.mm) prototyping of ASICs via
advanced processes (down to CMOQOS) using the

MEMSCAP

so called multiproject approach, when the wafer cost
is shared among projects of many customers

since 2013 Europractice provides
for Russia as well as EU
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Number of ASIC projects, manufactured via
Europractice *

4onm, 11

MEMS & SiPhotonics, 48

é5nm, 50
\ 080,50 4
gonm, 14

0,131,043}, 94 ' ” — -0.350, 121

Industry + non-European univ/research 28%

Europractice Research 15%

0.251, 47

Europractice Academic 57%

. Total: 544 projects (6 from RF)

0.181..0.15}, 155

MPW designs in 2014 technology node and number of designs

MPW designs in 2014

* Europractice annual report 2014,
www.europractice-ic.com/docs/Annual report 2014.pdf
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Number of &= ASIC projects,

manufactured via Europractice *

Russia

Budker Institute of Nuclear Physics Novosibirsdk 3
IPMCE Moscow 3
JSC “NTLAB” Moscow 2
Moscow Institute of Electronic Technology = Moscow 5
Moscow Institute of Physics and Technology Moscow 5
Moscow Engineering Physics Institute Moscow 17
N.I. Lobachevsky State Univ Nizhni Novgorod 8
SRIET-SMS CJSC Voronezh 6
University St Petersburg St Petersburg 5
Vladimir State university Vladimir 1

* Europractice annual report 2014, C.38

-ic.com/docs/Annual report 2014.
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ASIC Lab tasks

The infrastructure Is financed since 2013 by a grant given by
the Russian Federation Government based on resolution
. The head of Lab is V. Samsonov

Development Russian design center of Application
Specific Integrated Circuits with technological
nodes of 4£0-180 nm.

Design of ASICs for well recognized International
and Russian experiments (for ex. CBM, NIKA)

* Development of competence center on chip
design.  Organizing  topical  Conferences,
Workshops, Master classes.

 Research of new project solutions, test
prototyping and small volume production

28



Infrastructure of the ASIC design center
- distributed Inte ‘ ental local Intr net
e clusters and Linux In a number of

* license nics tools for




Organization of All-Russia Workshops

* YuebHo-meToanYeckmnn cemmHap (AMS
Methodology Kit Workshop) komnanum
Cadence

* || Bcepoccumnckmnm yyebHo-meToaM4eCKUM
CeMUHap MO NPOEKTUPOBAHMIO aHAIOMO-
LNPPOBbIX MUKPOCXEM

* Bcepoccunmckas MoaogexxHasa HayyHas LWKoa FRRL| sz
«CoBpeMeHHble CpeACTBa FAIR
aBTOMaTU3NPOBAHHOIO NPOEKTUPOBAHUSA
CMeLLaHHbIX (QHaN0ro-uMppoBbIX)

MHTerpaJsibHbIX MUKPOCXEM A4 annapaTypsl C 5 d ence
dU3MYECKOro sKCNepMMEHTa

30



Organization of All-Russia Workshops (2)

* |V BcepoCcCUMnUCKMIM Hay4YHO-METOANYECKMIA
CeEMMHap N0 CpeACcTBaM NPOEKTUPOBAHUSA
MHTErpasibHbIX MUKPOCXEM A9 annapaTypbl
dU31MYeCKOro 3KCNePUMEHTA

*V BcepoccMmcknm Hay4HoO-MeTogmM4eckmnm FRRL | oo
CEMMHAP N0 aBTOMATU3MPOBAHHOMY ®AUP-PoccHn
MPOeKTUPOBAHUIO MHTErPaIbHbIX MUKPOCXEM FAIR

AN GU3NYECKOro IKCMNEPUMEHTA

cadence

31
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IV Becepoccuiickuii HayuHO-meTOHYECKHH
CeMMHAp No CPeACTEaM NPOEKTHPOBAHMS
MHTerpanbHbLIX MHKpPOCXeM NS annaparypsl
¢Hu3nuecKoro IKCNepUMeHTa

( 29-31 ourabpa 2013 ropga ]

II_L'JI-L'.-L-.?.’L’.-.? A BaAC ITPHHATE FVHACTHC
OTe CeMMHHAPDA

YV M IitIll‘] upu jals

HOLITME TI¢

AAM3AIIMH M BHEAD
ABHBIX MHEDO

IRCIICPMMMEHTA.

bonee noppobHas undopmayus
— = npeacraEneHa Ha care: cad.mephi.ru.




ASIC projects

128-channel prototype ASIC for data-driven
read-out of CBM STS

LLO

Smart sensor readout ASIC (Rosatom)

32-channel ASIC for “Nucleon” project .
(Roscosmos)

IP blocks for system on chip, controlling a gl
new aircraft engine (Ministry of Education
and Science)




SOME DETAILS OF ASIC PROJECTS
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Tests for total dose effects

1) Threshold voltage shift (~200 mV);
2) Leakage currents  --- standard (strip-like) nMOS;

500 600 700 900 1000 1100 1200 1300




or ASIC development

d mixed-signal ASICs
chnique development

pe characterization

+ PhaseV: a batch production and testing

automation

37
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1. Route «bottom-to-top» (traditional)

I Design of hierarchy analog and digital blocks at element level .‘

‘ Modeling and debugging of hierarchy analog and digital blocks ‘

‘ Layout design of hierarchy analog and digital blocks ‘

| Design of ASIC layout \

‘ Verification ‘

GDSl|

the possibility to perform a mixed-signal simulation for analysis of

blocks interaction appears only after the all separate blocks being ready
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2. Route «top-to-bottom»

Development of system specification

Synthesis of blocks at behaivioral level

Design of analog and digital blocks at element transistor
and/or gate level

Design of ASIC layout

Verification

the usage of mixed-signal simulations at early stage. Due to system
synthesis at structure level, it becomes possible to develop fastly the block
descriptions at behavioral level — RTL-Verilog, Verilog-A n Verilog-AMS. The same
level of abstraction is available with VHDL
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General principles of mixed-signal design

Modern ASICs, as a rule, are chips.
They sqr_ely Include both analog and digital parts

Analog part is designed as a custom block, whereas
the digital one Is described by VHDL or Verilog and then
synthesized as a semicustom block, based on standard
digital libraries

Now a system simulation at element (transistor) level
requires unacceptably a lot of time

Usage of high description languages and software
tools for design allows to perform simulation
with level of blocks
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Traditional design routes

Analog Circuit Design flow

Digital Circuit Design flow

System Modeling

Verilog-A, ideal blocks

)

Schematic Capture +
Simulation

Transistor level design & simulation

{J

Layout

Full custom layout, matching

J

Physical Verification

DRC & LVS check

{J

Post-simulation

Parasitic extraction and post-layout
simulation

Cadence schematic
editor + Spectre

Cadence schematic
editor + Spectre

HDL code entry

Verilog / VHDL

1}

Behavioral simulation

Writing testbench to verify
functional & timing

iy

Logicsynthesis
Behavioral code to structural verilog
code bound to library

iy

Physical synthesis

Place and route

iy

Post-simulation

Parasitic extraction and post-layout
simulation

Model sim, Xilinx ISE
simulator

Model sim, Xilinx ISE
simulator

Synopsys Design
Compiler

Cadence SOC
encounter




» Mixed signal modeling
Routes for mixed- <: gt
X u
signal design

HDL code entry System Modeling
Verilog / VHDL Verilog-A, ideal blocks
Usage Of hlg h descrl pt|0n Behavioral simulation SRR Captine ¢

Simulation
Writing testbench to verify

languages and software tools
{o] design allows to _ Logicaynthesis -
perform  simulation with

level of

DRC & LVS check

Full custom layout, matching

separate blocks

Post-simulation Post-simulation
asitic extraction and post-layout Parasitic extraction and post-layout
simulation simulation

Design aspects, taking pras.e ey
Into account the requirements
on radiation hardness

Full chip DRC & LVS

y

Full chip simulation
& GDSII for tape out




Exa m p | e ro Ut e fo r a Development of the system specification

Design of the Design of the analog

smart pressure sensor jEeE ot
readout ASIC l

Design of the blocks

3 —— Compilation of the layout

»  Verilog description of whole ASIC project to the gate
- level Extractiqn of the N

- Analog blocks arg descr|bed as digital — schematic with parasitic
modules without functions, but with interface project ocks layou
part Compi”ng of the complete Creating of the LEF-description

: . _ RTL-project of the IC with orthe blocks ayout
*  Project compilatign in gdte level verilog adding of the analog

blocks (just interface part)

-  For debugging itsif necegsary to have and the contacts

. . Di i f the blocks,
layout views of both standarg library elements Commation of planning and wiring of the
and analog blocks in format |LEF (library the projectto | gato Veriog £ DY he lise of So¢

the gate level

Description of the IC
+  Few next sta SoC
Encounter, namely: t of analog
blocks, placement of diyjgd part, routing of

TSIV o] o \YAR SN ELRARTOINI [ Mol RO N EIRWIIEEEIN [Compiling and editing of | [Verification of the

the complete IC layout by
the use of Virtuoso layout by the use of

Layout Callbl’e

exchange format)




Smart pressure sensor readout AS

cTO4YHMK onopHOro

AHanorosbIi

Hal'lpﬂ)KEHMFI (I)Mnb'rp 1 (I)Mnb'rp 2 MyﬂbTMI‘I!‘IEKCC)p
cornerfw \ : / |cornerhle
PAD [A REF 1 1 /

|| VIHCTpyMEH- cbecre, CORE/F2 - i

I TasbHbINA

|| Yewnutens

CORENA LllAI_I L||A|_|

RBE/TEMP

CORE/AMPZ

canmva
R

s REE

4B e oF

CORE/DACT

AL

COBREDACO

~ I CORE/ADC

cormBroi

camersE

TemnepaTypHbliA
Aatunk

OnepaynoHHbIi
ycunurtens 1

OnepaynoHHbIi
ycunutens 2

LindopoBas yactb

Chip planning in SoC Encounter (Cadence)

Customer —
Rosatom

Design duration —
8 months of 2010



[A_AYDD

cCo, TA_GAINZ
to_in—2

to_in+2
. A _IN_NOMN
to_int —TM =,
to_in— —&—
WB
vss vh

Instrumentation amplifier

ERTN_[NY P
14_IH_OH

ip_input_stogg~-l g

urrent_cancel = .> [ > - I:
IA_GAINT [A-RER
1 _GAINT f— € :

1

4060

e

180,35,
24 B K
4000 R1F
m="trpalyh™

R4 |
-
W

L rpolshih

o
=
2
[ ]
&
Wi
-
1a_GAINZ 4y
VB
- w
zergTk_current
TA_IN_INY

Opamp gain

Unity gain frequency
Phase margin
Consumption current
RMS noise
Temperature range
Input current

Offset voltage

and
vde=4.0%6
V1
bl
a
1A_n_noff =00 w3 E

1Q T
j3
0SB
BOGAINZ o A\ 1
AINING, aenp 53

20 nV/HzY2
-55...+80 °C




Smart sensor ASIC layout
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14-bit DAC
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Library of reusable IP blocks

Parameters:
*Consumption
*Speed
*Dynamic
range

Tasks:
*Track finding

Calorimetry
*Charge
detection
*Time of flight
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ASIC for Nucleon project*
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Analog Storage + Analog Multiplex
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Scope diagrams
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Conclusions

The future of instrumentation is tightly bound with a wide usage
of due to the new challenge in integration scale

The solution of (architectural, structural) problems will
demand substantially higher efforts. Actually there is the
guestion of creating not separate components, but whole
systems on chip ( )

Almost all new chips have a

Nowadays the design Is based on microelectronic and
the adapted of the chosen manufacturer

for design, extension of reusable IP
block libraries, new level of for readout
electronics — all of that requires the usage of advanced CAD in
distributed fast networks of powerful computing clusters
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Conclusions (2)

The approach for commercial CMOS
technology IS considered to be the best way of providing an
rad-hardness by circuital and layout techniques.

For rad-hardness and temperature stability of the chips it is
Important to refine the existing libraries and design routes

pecomes an extremely important factor,
especially taking into account the °‘life time” of both the
chosen technology and the design staff

The necessity of a between the design
centers and research Institutions, sharing the process of
preparing human resources and the cost of using expensive
CAD
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