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2011 Key Messages

« 2011 ERM Chapter Updated
« P-Ge and n-InGaAs Transitioned to PIDS & FEP

* Progress on Directed Self Assembly for
Lithography Extension

 Progress in Deterministic & Monolayer Doping

 Ruthenium Barrier Layers Transitioned to
Interconnects

« Significant Challenges for all Materials

Work in Progress: Not for Distribution
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Memory Materials

* Ferroelectric Memory

* Nanoelectromechanical (NEMM)
 Redox RAM

* Mott Memory

« Macromolecular

* Molecular

Work in Progress: Not for Distribution
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Memory Materials Workshop

Redox RAM: How can we experimentally verify that the Redox RAM
operating mechanism?

HR Reductlon

~~~~~ ld
Tao

OX|dat|on

® Oxygen ion e Oxygen vacancy

MTJ: What materials or interface research should be performed to
enable reduction of write energy by 10X?

Even with the combination of MgO-CoFeB (normally in-plane),
interface control enables out of plane MTJ.

@ Work in Progress: Not for Distribution
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Extending CMOS Logic
Alternate Channel Materials

Alternate Channel Materials

‘ . . -n-Ge & p-llI-V
ASSess [11-V Heterostructures
_ (L. Samuelson, Lunquniv.)
Materials Performance t
. = H
Gate materials Graphene

Contacts

A. Geim, Manchéster U.

Interfaces -Carbon Nanotubes
-Identify Novel Metrology & Modeling Needs \l\“\ll‘
@ Work in Progress: Not for Distribution plUpasy
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Alternate Channel Materials Critical
Assessment

Assessment Ratings

1 = Worse than existing technologies

Earliest Potential Insertion Date 2013-2018 2013-2018
Chip-Package Interconnect

Research Targets
. For n-ch |
Metrics p-l1-V Materials

3 = Better than existing technologies

2018-2023 2018-2023 2018-2023

ACM Application Opportunities and Ratings

Nanowires [Group IV

Graphene Carbon Nanotubes

Demonstrate co-lntegratlon Mobilities: >>Scaled strained Silicon, Quasi
on Si: Ability to achieve high ballistic, saturation velocity and current, 23 2.2
Understand degradation mechanism

performance
Gate dielectric compatibility | unpinned Fermilevel, 10% thickness (1s), Dit 13 13
and control <1ELL -2 ) '
Low contact resistance and o

e Contact resistivity <1E9 13 13
variability
Property control [Eg, lon:

perty (Eg, ' 10% (1) 1.2 14
[loff, assemblv/ packaging

ot Demonstrate and understand controlled n
Ablllty to dOpe and/or p channel & S/D doping, e.g. 10% (1s) 14 13
Control of formation, CMOS compatible catalyst, as warraned, 10%

X L ’ ) ) 14 1.6
|0C8tl0n, and direction of half pitch, Vertical and/or horizontal
Understand formation mechanism, develo,
Defects " p 18 16
low defect density strategy

« Carbon nanotubes and graphene were assessed to be less
mature than other technologies.

Work in Progress: Not for Distribution
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Beyond CMOS Logic
Materials & Interfaces

Charge Based States Other Than Charge Only
Ferroelectric Spin State
Polarization
-
e *Individual or
Negative Capacitance FET Collective
Assess

» Ferromagnetic Materials, Dilute Magnetic Semiconductors

« Complex Metal Oxides

« Strongly Correlated Electron State Materials (FE, FM, FE & FM)
 Molecules

» Interfaces

Work in Progress: Not for Distribution
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Lithography

Evolutionary Resist Design Directed Self Assembly (DSA)

Pattern Density

- P O S I t I V e R e S I S t Rectification Multiplication

A pre- patterning with e-beam

New Applications of Old Resst&ju;g

B 0, plasma & resist stnp

Non-Chem Amp (193nm)  —==== -Ls 2,

Negative Resist (EUV) i mockci‘.ll?.fn?i‘rm
/

Novel Molecules

for Double Exposure
Ruiz, et. al. Science 2008

Density Multiplication
L;=78nm; L =39nm

Boooo’ooo.l
PR B B R
0 % 0 2 0
} 4 0 2 0 0 8 0
C e s e
) 4. 8 0 0 0 0 0 0
E R B BN S B B B &
} 4 8 2 0 20 v
CEE B N R R R

F o.oooo.oooooooc
AR R R R R R RN

LAA R R R LEE R L LR LR
P....... .... ....... .. ..'

DSA

Tethered Anthracene
sAssemble smaller features in

higher density

Bristol, Intel . - 5
Intermediate State Defect density reduced <25cm

LA

150 300 450 600
2
Dot Area (nm”)

@ Critical Assessment completed
Wonkdn Proaress:- Not for Distribution
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Directed Self Assembly for Litho
Extension Critical Assessment

DSA Assessment Metric Targets DSA Application Opportunities

gl S¢g| & T
8| &g| & £5| & &
Directed Self-Assembly 3 E g > g > 0 = 3 5O
1 )
Metrics / Ratings * e 9 8 ° c 5 o 8 s =
a o 2 o £ o 5 £E B
c ) w
£ o £ = v @
= o - S Q o
L/C Defect Density 5
5 <0.01cm <25
(10nm defect)
CD Control (30): C/V/L <0.8nm 2-Jan
Low Frequency Line
Width Roughness (30) <0.6nm 1.95
[nm]
Patterning Th hput:
@ grnmg 'rc?ug .pu .5X 2X >2X
Density multiplication
A ling Time: Track
nnea mg' Ime: Trackor >2 min. <1 min. <.5
batch equivalent
Minimum Feature Size:
>20nm/ >20nm <9nm/ <10nm <9/
L/C

« Partial results of the Critical Assessment
@rogress demonstrated in reducing defect density

Work in Progress: Not for Distribution
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Front End Processing
Deterministic Doping Progress

Patterning & doping Monolayer Doping 3D atom probe 3D simulation
via DSA s pwos
W
Bosworti“‘
Ober, ACS NANO 2008 45 javey S .
*DSA Produces Order Nature Materials 2008 Inoue, Roy, Asenov
«Implant Delivers Dopants Ultramicroscopy 2009 Science 2005
Massive Parallel Dopant Control Metrology and Modeling Progress

 Identified potential high volume mfg. techniques
 Expected to be Multigate compatible

 Monolayer doping has potential for low
temperature and low damage

Work in Progress: Not for Distribution
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Interconnect Materials

Ultra-thin Barrier Layers
*Transition Ru Barriers to Interconnect TWG
Novel sub 5nm materials

Self Assembled Monolayers (SAM)
Ultra low kK ILD

Interconnects

Novel Interconnects & Vias
- Carbon Nanotubes

) -Graphene
Native

Interconnect Fujitsu Lab / CREST, APEX 3 (2010)
Work in Progress: Not for Distribution
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3D Interconnects

* Chip Attach Materials With Thermal Hierarchy
— Electrical Interconnects
— Nanosolders
— Polymers

« Stress and Thermal Management Materials

« Self Aligning Material Technologies
— Beyond surface tension...

Work in Progress: Not for Distribution
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Assembly & Package

e 1D Interconnects
— Nanosolder, CNT & NW

« Polymers with Mechanical, Electrical &
Thermal Properties

* Polymers With Zero Moisture Absorption
* lon Free or Immune Mold Compound
« Management of IlI-V & Ge Device Stress

Work in Progress: Not for Distribution
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Hexagon of Assembly Material
Requirements

Functional

Examples

Thermal Interface Mat

Properties

Mold Compound

Underﬂ” Moisture

Adhesion

Adhesives Resistance

Epox
POXY Fracture

Modulus

Toughness

« Highly coupled Material Properties

ITR‘; Work in Progress: Not for Distribution

Apply novel materials to achieve optimal performance

ITRS Winter Conference 2011 Incheon, Korea

CTE depends on
volume fraction
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ESH Challenges

« Materials needed to overcome significant
technical challenges

— Low energy processes and new materials for low
energy integrated circuits

— Few materials can meet requirements

— Some materials have known hazards or
uncharacterized ESH properties

— Stimulate ESH research in uncharacterized
materials

— Good risk management methods for materials
ESH in Research, Development & Manufacturing

— Lifecycle Assessment & Management
— EfflClent use of materials

Work in Progress: Not for Distribution
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Summary

12011 ERM Chapter
dMaterials Progress Updated
Highlighted Critical Challenges
dldentified New ITWG Requirements for ERM
dTransitioned Mature Materials to ITWGs

A Critical Assessments of Alternate Channel Materials
and Directed Self Assembly

Work in Progress: Not for Distribution
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