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Nanowires
Low DIMENSIONAL MATERIALS Sancnses Renons for
Jor Vias Jfor Interconnects
Interconnect
Operating Mechanism Balhstic transport Balhstic transport Dnft
Metal
o MWCNT
Z | Material System MWCNT or SWCNT or (especially.
2 § SWCNT Cu)
é § In situ thermal CVD | Thermal CVD VD or
w o Synthetic Method Hot filament CVD Hot filament CVD ECD
g = Plasma CVD Plasma CVD
Critical Marerial Property Dlame_ter, density, Dlame_ter, density, Resistance
metallic metallic
Ml
. Goal =5 =5 (14 nm
Diameter (nm) half pitch)
Demonstrated 0.4-10 0.4-10
Density or e Density (= 0.205 Density (= 0.205 10" radians
angular MWCNT/am") MWCNT/am™) (0.06 deg)
placement 001 MWCNTs/nm-
accuracy Demonstrated 4] sinm In progress [k]
Goal Perpendicular to the Parallel to the Parallel to
. . i substrate substrate the substrate
Direction
/Orientation Demonstrated MWCNTs: Good MWCNTs: Fair[d]
SWCNT: Poor SWCNT: Poor
Goal 0.05-0.30 MI1:1-5 Mi:1
g Length (1m) Tisrrsms izl 0.06-0.52 [b] >100 f;[:i :
ﬁ Doping Goal Metallic Metallic N/A
> | [electrically
é active] (cm_g) Demonstrated Mostly Metallic Mixed
w
Q M1: <8 (for 14 nm ]
E Goal TBD half pitch) Cu:=3
5 Resistivity Cuw(ECD):
Q-
I3 (uQ-cm) Demonstrated 5'?_ <
& (D=15 nm),
e i
14
g | Contact Gual <0.50 MWCNT <0.50 MWCNT <10% NW
resistance resistance
(kQ/LDM) Demonstrated 10-200 /CNT[c] 10-200 /CNT
T =400°C, T=400°C,
CMOS ol compatible catalyst compatible catalyst T=L50E
compatibility T =400°C ) 100°C for Cu
Demonstrated Co catalyst[d] In progress i
Electro- Goal =10 =10 Bulk
m!gm?;mn UD& Demonstrated CNT: =3 [e] None
Alem
Goal >10" >10"
Maximum
current density g g
&ifmg) Demonstrated =107 [f] =10

MWCNIT—multiwire CNT

16-10 A—hoF /) Fa—7  BRT/UA VRS OB B AR L BUREA

SWCNT—single wire CNT  SAM—self-assembled material

EConductance variability
reduced from 63% to 13% by
controlling doepant numbers anc
roughly ordered arrays;

B Conductance dwe to implant
positional variability within
circular implant regions of the
ordered array ~13%.
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Thermal Nanotubes
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High Density Power Delivery Capacitdrs Pa e Thermo-Mechanical

ODielectrics: High K bstrate: Nanoparticles, Macromolecules
QSelf Assembly Adhesives: Macromolecules, Nanoparticles
Qinterconnects: Nanotubes or Nanowires Chip Interconnect: Nanoparticles
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Characterization of the nanostructure to property correlation
« F/REEFHIEOHME
Control of Nanostructure & Properties
- F/RE. R NESDEtOLYOHEZN B SR
Self Assembly control of structure, defect, registration
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Identifying critical properties for alternate state devices & their
interfaces
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Characterizing electronic & spin properties of embedded
interfaces/matrixes
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Assessment of potential ESH hazards and risk of ERM
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