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¥ 20555 — 5 (Glossary)

ERD: Emerging Research Devices #iEFRT /NI X (ITRSOEDAEITHHD)

ERM: Emerging Research Materials 1 E%# ¥ (ITRSOEDLZFITHHD)
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O—k<y7

. I'I:;NG: International Technology Working Group (ITRSO i —F2 545 IL—
J

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

« M1 Metal-1 & TR (E1)DEREHRE

«  MPU: Micro Processor Unit ¥4/ 070t y4

« NTRS: National Technology Roadmap for Semiconductors KEDSIALHREL
EEEAREMA—r<yD

« SIA: Semiconductor Industry Association KEFEXRITES

- STRJ: Semiconductor Technologg Roadmap committee of Japan & (A {ff
O—FvyT7EMEZEER, JEITAFXEAE S FEAENEESE ODEMEER
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System Integration (SI)
— Qutside System Connectivity (OSC)
— Heterogeneous Integration (HI)
— Heterogeneous Components (HC)
- Beyond CMOS (BC)
—  More Moore (MM)
— Manufacturing (or Factory Integration: FI)
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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
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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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Executive Summary & Overview
System Drivers

Design (RA3R)

Test & Test Equipment

Process Integration, Devices & Structures
RF and A/MS Technologies
Emerging Research Devices
Emerging Research Materials
Front End Processes

Lithography

Interconnect

Factory Integration

Assembly & Packaging (GR4Y3R)
Environment, Safety & Health
Yield Enhancement

Metrology

Modeling & Simulation

MEMS
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Assessment of Driving Forces @'

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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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.
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System Integration (Sl)
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» 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
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Microserver S~ Dol
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[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)
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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
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EMBEDDED SUBSTRATES &
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MEMS PACKAGING
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Silicon, Glass, or Organic
Core with TPV

' AAAAAL AAL _AAL A4
......... POWER
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Source: Georgia Tech PRC, http://www.prc.gatech.edu/overview/images/etpc.jpg
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Beyond CMOS (BC)
o F-TYEIREITEEL. EERICCMOSZ#EA
HBBEMIR T —) T %&b 1=-6F 1D AEVFRF.
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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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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 -
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Internet of
Things

B'Q Green
Data Technology
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