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GE

1D One Dimensional

CMO Complex Metal Oxide

CNT Carbon Nanotube

ERD Emerging Research Device

ERM Emerging Research Material

FM Ferro Magnetic

MEMS Micro Electro Mechanical Systems
M TAS Micro Total Analysis System
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Emerging Research Materialo™ ?

Macromolecular Scale Devices
are on the ITRS Horizon
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« BEX9F(Macromolecules)

- HlIL7=-B S IL¥H$l(Directed Self-
assemble)

o 58FHBA#1#1(Strongly Correlated Electron State

Materials)
o AE/MA=YX#1¥ (Spin State Material)
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Materials ERD ERD Logic Lithography FEP Interconnects | Assembly and
Memory Package

Low Dimensional

Materials

Macromolecules

Spin Matenals

Complex Metal
Oxides

Interfaces &
Heterointerfaces

- Potential Applications Identified
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Device State” Emerging Materials

1D Charge State (Low Dimensional Materials)
1 Molecular State (Macromolecules)

d Spin State (Spin Materials and CMO™)
J Phase State (CMO* and Heterointerfaces)
1 Memory

— Fuse/anti-fuse, Ferroelectric FET, etc.

All Devices have critical interface requirements

*Representative Device Applications
"CMO = Complex Metal Oxides

@ ITRS Winter Conference 2007 Makuhar|-Messs Tokyo, Japan B
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ON High contact energy barriers may be
H masking potential molecular switching

« Need more research on contact formation
* Novel lower potential barrier contacts...
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eReports of high Currie temperature FM semiconductors
«GeMn Nanocolumns >400K

¢SiMn >400K
«(INMn)P ~300K

eNeed verification & more study

- Need Room Temp FM Semiconductor

an
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e Materials exhibit complex phase relationships
«Structure, Strain, Spin, Charge, Orbital Ordering

®* Goal: Determine whether complex phases and
coupled dynamic and static properties have any

potential to enable alternate state logic devices
* Example: Mott transition or other coupled states

@ Can these materials enable new device functions?
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Resistance (Q/via)

Density of CNTs (/cm?)
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For Extreme CMOS
Directed Self Assembly for Deterministic Dopant

Placement (GRERIIN—EIHi1iT)

HConductance variability
reduced from 63% to 13% by o
14 controlling dopant numbers anc Joseph Christian Herr, SRC
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From Shinada et. AL, “Enhancing Semioonductor Device 1808
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e ance Using rrays”,
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Self Assembly for Selective Etching
(BCHHEBIRIVF )

Macromolecules for Selective Etching & Cleaning
(BIRIVF I, 9)—=VDI=HODODBEKXRF)
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Thermal Nanotubes

.....

High Density Power Delivery Capacit e Thermo-Mechanical
Dielectrics: High K

QSelf Assembly

bstrate: Nanoparticles, Macromolecules
Adhesives: Macromolecules, Nanoparticles

Qinterconnects: Nanotubes or Nanowires Chip Interconnect: Nanoparticles

BiarE, BiEtE. TH2H. (SHEE. BERM
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ERM@Difficult Challenges am

o F/ESEERFENIERE(CREY ST
Characterization of the nanostructure to property correlation

o F/BEEHFEDFRIE
Control of Nanostructure & Properties

o F/BE. R (LERDEBD/-HOFIHEN/-B CHBLE:H
Self Assembly control of structure, defect, registration

« ERDA##IIFTEDHLFIA LR
Identifying critical properties for alternate state devices & their
interfaces

e IBHIAEN/-FHEPVMNIVADEBRESLUVAE S DT
Characterizing electronic & spin properties of embedded
interfaces/matrixes

e ERMOESHELTOHREEIHRE
Assessment of potential ESH hazards and risk of ERM
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