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« ERD: Emerging Research Devices #EET/NMRX (ITRSOEDEZFITHLH D)
- ERM: Emerging Research Materials %M ¥ (ITRSOEDZRITHH D)

. I;_)E%I)D) Front End Process ) ) xz—/N\ITREDHIFE (ITRSOEDHZBITH

* |IRC: International Roadmap Committee
 |IRDS: International Roadmap for Devices and Systems

. ITR? International Technology Roadmap for Semiconductors [EFF 4 B A i
O—k<y7J

. IT}NG International Technology Working Group (ITRSO 7 —Fx>245 5 )L —
7

« JEITA: #EAEAN BFIREIMBITEZRFS (Japan Electronics and Information
Technology Industries Association)

« MPU: Micro Processor Unit ¥4/ 0t v4

« NTRS: National Technology Roadmap for Semiconductors KE D SIAH #REL
=3 ERFEfO—k<yT

« SIA: Semiconductor Industry Association KEFEARITES

« STRJ: Segnicondugtor Technologg/ Roadmap committee of Japan =|=’§F1=B'i ity
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More Moore & More than Moore

e More Moore

— Geometrical Scaling: ¥R (TED) R r—1)>9

— Equivalent Scaling:  ZF{fipd (BRI X7—1) 9

— Design Equivalent Scaling: $%5t- &ML
e More than Moore

— T LEMMIEDAIZKSENZHIE

— SiP(System in Package) #fifIC k52D F VT DEIEIE
e Beyond CMOS

— 1) CMOSTEAMTIZ K> B T 1 T
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2010 ITRS Summary Figure 4
Figure 4  The Concept of Moore’s Law and More

More than Moore: Diversification

Non-digital content
System-in-package

Information
Processing

Digital content
System-on-chip
(SoC)

More Moore: Miniaturization

Baseline CMOS: CPU, Memory, Logic

o ¢ Beyond CMO
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Lithography Potential Solutions

]

Node 130 20 65 45 32 22 nm
2000 01 02 02 04 05 06 O7 O8 09 10 11 12 13 14 15 2016
l | | | | | | ] | l | 1

| | | |
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Year (nm) 1999 2000 | 2001 | 2002 2003 2005 2006 2008 2009 | 200 | 2041 | 2042 | 2013 | 2014 | 2015 | 201é
Noe Upaes, 130 90 65 45 32 22
180 130 100 70 50
SIA 1954 230 'rmn 115 B0 55
Edition [MPUHaFfPix
Gate Lon 140 100 70 50 30
SIA 1997 [RBAM N Pk 180 150 130 100 o 50 35
- 230 180 160 115 BO 55 40
Edition [MEU Half it
Gate Lan 140 120 100 70 50 30 25
ITRS 199 |oRAM et Picon 180 ’13u 100 70 50 35
- 230 160 115 80 55 40
Edition MElHafF /
Gate Lan 140 85-90 65 45 30-32 20-22
180 | 150 | 130 (115 100 | 90 | 80 70 | 65 | &0 | 50 | 45 | 40 | 37 | 33 | 30
ITRS 2000 [RRAM Half Pitoh
230 | 180 | 150 | 130 115 | 100 | 90 70 50 35
Sc2.0(pp) [HELLS2O Half Pird
Gate Lan 120 | 90 | 80 | 7O | 6O 50 40 28 20
DRAM HaX Ptsh 130 (115 100i] 90y) 80 70 | 65 | 60 50 | 45 | 40 35| 32 | 30 25 | 22
£00 Half Pit 150 (130 107 | 90f@®a0 70 | 65 | 60 50 | 45 | 40 35 | 32 | 30 25 | 22
ITRS2001 |go0 g 130 | 107 90 | _I5 53 | 45 | 40 35| 32 | 30 25 22 |20 18 | 16
(5€3.7) |s00 Gate Langth a0 | 80 55{_5::; 45 NGT (32 | 30 25 | 22 |20 18 | 16 | 15 13 | 14
Edition WPy 1y P 150 | 130 107 | gojl a0 ?}\ 65 | 60 50 | 45 | 40 35 | 32 [ 30 25 [ 22
MPU Gate resist 90 | 70 65 45 40 %\ 32 30 | 25| 2 20|18 |16 15 | 13
MPU Gate Length 65 | 53 45 | aTWg32 30 | 25% 22 20 (18 |16 15| 13 | 11 10 | @
SoC [EASIC/ Low Power REEIENER Feed Brick
wall
high=k  AhArFES T
w IJII'.III.IJI-{IUII-HI |l'r|'|lIU|"'--lll hﬂ.lllﬂ.f_ll" |I?l - iJlIll.lHIl.Il«I'E'I..l?l'i
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= ERE(HP) b2 DR 2D E R AMTEK

BESF Hify | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 2012 2015 2018

F—rE nm | 45 37 32 28

o 3 [ | | v |

T | A 8 | 8 | 7|7

gf::'__ﬁl? Alem? | 2.2E+02 | 4.5E+02 | 5.2E+02 | 6.0E+02

v ez E naum| 30 | 50 | 50 | 50

BU KR 1 (13| 13] 14

MR KRR 11| 1] 1

1 e 1.00 | 1.26 | 1.39 [ 1.60
"Share the pain” r @9 @ AL L —k_INAK
Technology =S PG
Boosterglﬂ#% FD-SOI, % ILF45 — ""’Ej#ﬁﬂ*u
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2011 ITRS - Technology Trends

ITRS 2011icL3

STRIZ

1995 2000 2005

2010

2030

1000
X 2009/10/11 ITRS MPU/ASIC Metal 1 (M1) % Pitch (nm)
[historical trailing at 2-yr cycle; extended to 2013; then 3-
. X X yrcycle]
X X +2009/10/11 ITRS MPU Printed Gate Length (GLpr) (nm)
. X [3-yr cycle from 2011/35.3nm]
+ X
n + X <
100 - — ] = 2009/10/11 ITRS MPU Physical Gate Length (nm) [begin [

— L) + + 3.8-yr cycle from 2009/29.0nm]
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Ref: ITRS 2011 Edition
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2011 ITRS - Technology Trends

1000

X 2009/10/11 ITRS MPU/ASIC Metal 1 (M1) ¥ Pitch (nm)
X [historical trailing at 2-yr cycle; extended to 2013; then 3-
8 X X yrcycle]

u X +2009/10/11 ITRS MPU Printed Gate Length (GLpr) (nm)
X [3-yr cycle from 2011/35.3nm]

100 = — X K = 2009/10/11 ITRS MPU Physical Gate Length (nm) [begin [

L] + + X 3.8-yr cycle from 2009/29.0nm]

Nanometers (1e-9)

Lo — — — — -

i i
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\‘._‘a‘_‘____

I

| Metall Half Pitch

|- Physical Gate Length
|
i
|

(High Performance Logic)
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1995 2000 2005 2010 2015 2020 2025 2030
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Executive Summary & Overview
System Drivers

Design (RAA3R)

Test & Test Equipment

Process Integration, Devices & Structures
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Emerging Research Devices
Emerging Research Materials

9. Front End Processes

10. Lithography

11. Interconnect

12. Factory Integration

13. Assembly & Packaging (GR2\ZR)
14. Environment, Safety & Health

15. Yield Enhancement

16. Metrology

17. Modeling & Simulation

18. MEMS

NGk~
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Beyond CMOS
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Internet of Things
Data Input, Access & Processing Environm

Mobile Com. & Smart App||cat|ons Medical/
Information Automotive Health
2 _-More than Moore< 2 @

Heterogeneous Heterogeneous Systems Outside System
Integration Components ﬁ Integration E} Connectivity

)

Green/Energy
Technology

Focus Responsibility (Manufacturing)

‘ Global Responsibility } ‘ System Output
Factory Integration
@ ' Inputs to FlI
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IEEE Rebooting Computing@?%%‘?@

 Computing performance is not scaling

— Moore disconnected from compute

* Novel computing paradigms (re)emerging:

— Neuromorphic, Adiabatic/Reversible,
Asynchronous, Approximate, Random,
Computationally error tolerant, others....

e OO 12000070 IIED Gegroia # comparch

Source: 2015 ITRS Summer Meeting, http://www.itrs2.net/itrs-reports.htmi
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Application Domains’

Big Data #1: data access (streaming, off-line)

Big Data #2: data mining / analvtics (partly includes machine learning)
Recognition problems (partly includes machine learning)

Simulation #1: physical world systems

Simulation #2: non-physical world systems (e.g.. engineering systems)
Optimization

Virtual reality #1: computer graphics rendering

Virtual reality #2: approx. physics engines (see simulation #2)

Media processing: Compression, Fidelity

Information security: cryptography codec

*this is not a comprehensive list, but it is “robust”

eee OO (2000000 IR ceqrgia # comparch

Source: 2015 ITRS Summer Meeting, http://www.itrs2.net/itrs-reports.htmi
Work in Progress - Do not publish STRJ WS: March 4, 2016, IRC 25



Computation ca. 2030

_. Challenges:

Architecture,
Challenges: Implementation :
Selection, | Approximate 5
Compilation :
. J__ _V_\ Random

F’rﬂblem f Neuromorphic

. Dispatch
definition :
: Enhanced superscalar
Challenges: Massively parallel/

Computation-platform
independent problem .
definition language 5
(“The new Java bytecode”) ’

cellular automata

-

reboot] 7
IEEE ETIVCRL (115 %% # comparch

Source: 2015 ITRS Summer Meeting, http://www.itrs2.net/itrs-reports.htmi
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ITRS 2.0[ZDULV\T: ITRSTIE7 DMDFocus TopicsIZ;E A

System Integration (SI) —studies and recommends system architectures to meet the
needs of the industry. It prescribes ways of assembling heterogeneous building blocks
Into coherent systems.

Outside System Connectivity (OSC) —refers to physical and wireless technologies
that connect different parts of systems.

Heterogeneous Integration (HI) —refers to the integration of separately manufactured
technologies that in the aggregate provide enhanced functionality.

Heterogeneous Components (HC) —describes devices that do not necessarily scale
according to “Moore's Law,” and provide additional functionalities, such as power
generation and management, or sensing and actuating.

Beyond CMOS (BC)—describes devices, focused on new physical states, which
provide functional scaling substantially beyond CMOS, such as spin-based devices,
ferromagnetic logic, and atomic switch.

More Moore (MM)—refers to the continued shrinking of horizontal and vertical physical
feature sizes to reduce cost and improve performance.

Manufacturing (or Factory Integration: Fl) consists of tools and processes necessary
to produce items at affordable cost in high volume.

Work in Progress - Do not publish STRJ WS: March 4, 2016, IRC
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System Integration (Sl)

Jﬁ%ﬁd)——x“! ISABDYVATLT—XTY
/FJVd)EﬂjL&:]: 7&'??5

» Technology Driver [&fa]hHs?

1 Terabit/sec optical fibers
‘ Up to 1000 SoCs +
- Smart PhOne ./ \' : High-BW Mem
w“'\'\w el 44 (100,000 core total)
— Data Center / ey R g Y
_ wv\\\ /] [P g
Microserver S~ Dol

Many Short Paths
—  Thru High-Radix Switches
NV

« EHIZ.FDORIT? L
—loT
- BEEEE

[Sources]https://www.usenix.org/sites/default/files/conference/protected - files/fastl4 asanovic.pdf

o Up to 1000 NonVolatile
Memory Modules (100PB total)
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Outside System Connectivity
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RF & AMS Applications Scope

Mobility
-Automotive
-Aviation
-"Phones”
-Pads &
Notebooks

Internet of
Things
Devices
-Appliances
-Tools
-Varied
Products
-Other
mobile
devices

Health Energy
-External -Power
Health Monitors
monitors (i.e. | | -Green
smart Energy
watches, Generators
phones, etc.)

-Embedded

heath

monitors
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Heterogeneous Integration (HI)

e DI—//N\KREIZKHL. FEAMRIZEHKFEARRIZHFR
F~HEDOWMItZED DI, AAMEBEERER L%
HEY

Difficult Packaging Challenges by Circuit Fabric
Logic: Hot spot locations not predictable, high thermal density, high frequency, unpredictable
work load, limited by data bandwidth and data bottle-necks. High bandwidth data access will
require new solutions to physical density of bandwidth.

Memory: Thermal density depends on memory type and thermal density differences drive
changes in package architecture and materials, thinned device fault models, test & redundancy
repair techniques. Packaging must support low latency, high bandwidth large (>1Tbh) memory in
a hierarchical architecture in a single package and/or SiP)

MEMS: There is a virtually unlimited set of requirements; hermetic, non-hermetic, variable
functional density, plumbing, stress control, and cost effective test solutions.

Photonics: Extreme sensitivity to thermal changes, O to E and E to O, Optical signal
connections, new materials, new assembly techniques, new alignment and test techniques
Plasmonics: Requirements are yet to be determined but they will be different from other circuit
types
Micro-fluidics: Sealing, thermal management and flow control must be incorporated into the
package.
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Heterogeneous Components®

(HC)
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Heterogeneous Components
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Source: Georgia Tech PRC, http://www.prc.gatech.edu/overview/images/etpc.jpg
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STRIZ

Beyond CMOS (BC)
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e Carbon-based o Memory architectures for program
nanoelectronics centric architectures
e Nanowire FETs o Storage Class Memories
e Tunnel FET
e n-Geand p-llIV o Evolved architectures exploiting
emerging research memory

e  Spin-FET and spin-

devices
MOSFET :
o Architectures that can learn
° NEMS . .
. . o Morphic architectures
e  Atomic switch . .
o  Neuromorphic architecture
e Mott FET

o Cellular automata architecture

* Neg-Cg ferroelectric FET o  Cortical architecture

e  Spin wave devices

¢ Nano-Magnet Logic

e  Excitonic FET

. BisFET

e  Spin torque majority gate
e All spin logic
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More Moore (MM)
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Mobile Computing — The Vdd Scaling Issue
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Work in Progress - Do not publish

Vdd scaling most difficult:
V, associated with leakage - SCEs, RDF

Vdd Scaling Trend

la = Coptosr3{ (Vo — VE)?

dd (V)
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Manufacturing aw

(or Factory Integration: Fl)
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Blg
- Data
Technology

Automotlve
Heterogeneous Heterogeneous Systems Outside System
Integration Components Integration Connectivity

More Moore Beyond Moore
[ ]

Process Specifications, yield, throughput and cost CHALLANGES

Factory ‘
- Integration -
- NEES and PO"“\
Internet of
Things

B'Q Green
Data Technology
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