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Moore’s “Law:”
Transistor Count Doubles Every |18 Months
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Similar trends observed in chip performance,
price per peformance, etc.




Moore-San’s Law
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Actually, these are from 1997(!)

-
O
3
=
O,
)
(qv]
=
=
(Vg
0
.
)
O
o
»
N
o
O
A



Current Intel Roadmap

2009 2010+

X58 Platform 2010 HEDT Platform

Intel® Core i7 Extreme Processor (4C/8T)
Intel* Core i7 Processor (4C/8T)

Intel®* X58 Express Chipset

Piketon / Kings Creek Platforms
Lynnfield (4C/8T)

32nm Clarkdale (2C/4T)
Intel 5 series Chipset

PR
Sandy Bridge

Calpella Platform
Clarksfield (4C/8T)
32nm Arrandale (2C/4T)
Intel 5 series-M Chipset




International Technology Roadmap for
Semiconductors (ITRS%

O
2008 ITRS Update - Technology Trends vs Actuals and Survey Jeff Butterbaugh/FEP

[including Final Litho Printed Gate Length Proposal] et

Kwok Ng/PIDS
“More Moore" | GlLphys Survey

NESEA Functional (leading).
25year | Density
I A Glpr{nm) MPU (ITRS
| L
|

05-07) =
2008 " * 'Y
. Scaling” U;date |
[decreasing

Etch ratio] Performance/ Glph{nm) MPU (ITRS

' |
| |
: Cycle Complemented:
: |
|
|
|
|
1.6818/2007 Pl Rl s
:
|
|
|
|
I
|
|
|

i [15"_(1*53#5)1 by "Equivalent

GLprinted =

: Then Parallel : [%?PEEVS@;

. - rain i,

b et M1 Half Pitch(nm)
MPU (ITRS 05-07)

%...... '........ Metal Gate.‘f
/ Hi-K; [also DRAM M1 in
2008 Update]

UTB/FDSOI,

MUG; etc.] M1 Half Pitchinm)
L] DRAM {ITRS 05-07)

J-year

Cycle Poly Half Pitch{nm)

[.54(1/Byrs)] R
(TS ST

2007 ]

—&— GLph Proposal 2008
Update Final

&
-
&
@
@
£
=)
s
S
s

GLphysical =
~0.71%/ 3.8yrs

m  GlLprinm) MPU HP
Proposald [FINAL -
2025 Litho Jul'08]

Work in Progress - Do
Not Publish!



http://www.itrs.net/reports.html
http://www.itrs.net/reports.html

Moore’s Second Law:
Exponential Economics

Cost of a building a new fabrication plant
doubles every 3-4 years:
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Advances in conventional lithography
are quickly becoming cost-prohibitive!




Molecular Electronics: Just Nanoscale!?

3D: Bulk Films

w 2D: Monolayer
OIXOIO 1D: Chains

OD: Individual Molecules




Why Organic Electronics!?

Relative to Inorganic Materials:

Pros Cons

’»

e Greater “tailorability e Lower electron mobility
through synthetic

. e Slower switching speeds
chemistry

e Hard to obtain

Wet" deposition complementary p/n logic

* Wide-area * Integration into industry?
* |nexpensive
Flexible, lightweight

Synthesis = 6.02x 1023




Broad Applications for |
Molecular Electronic Materials

e Light-Emitting Diodes
e Hole transport layers
e Flexible anodes

e Photovoltaic Devices

e Thin-Film Transistors

e Flexible circuits

e “Smart”’ Windows

e Fast color changes
e Anti-Static Films

e Device fabrication
e Photographic film




Batteries: Not Just Inorganics...

Energy Density for Secondary Batteries

S
-
o

N W
o O
o O

Density / WhL!

o
S

Volumetric Energy

Lighter
>

o

0 50 100 150 200 250
Gravimetric Energy Density / Whkg'!




Reaction Mechanism for LIBs

O : Doped Li"

a0
a4

o

Anode Cathode
Current Anode Electrolyte Cathode Current

Collector Collector

Graphite Organic Solvent Lithium
(Intercalation plus Metal Oxide
Layer) Supporting (ex. LiCoO»)
Electrolyte
(ex. LiBF4/PC)




Reaction Mechanism for LIBs
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Anode Cathode
Current Anode Electrolyte Cathode Current

Collector Graphite Organic Solvent Lithium Collector
(Intercalation plus Metal Oxide
Layer) Supporting (ex. LiCoO»)

Electrolyte
(ex. LiBF4/PC)




Ink-Jet Printing of Organic Electronics

Konarka: Ink Jet Printing for Solar Cells
Ink-]Jet Printing Mar. 4, 2008
Transistors

C

GE: Ink Jet Printing for Displays
Mar. 11,2008

-
F16 urc GND

Sekitani et al. PNAS 2008 p. 4976




Organic Field-Effect Transistors

Source

lsa ~ 0.0 A “Off”

Applied Gate
Potential

Source | ©

e e
Gate Elecrode

lsa = 10A “On”




Organic Field-Effect Transistors

Operation of an Organic Example Organic
Field-Effect Transistor Semiconductor Materials
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Back to the Nanoscale...

3D: Bulk Films

w 2D: Monolayer
OIXOIO 1D: Chains

OD: Individual Molecules




Enoug[l; Bulk Conductivity:
How Do You Wire Up a Molecule!?

Many, Many Methods...
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Example: Device Fabrication

Sixty |5 mm x 6 mm

- - - | chips are fabricated on a
g | thin (200 pm) Si wafer.

Bonding pads are
defined by
photolithography.

Source
(Au)

Thin oxide &8
(40nm)l :

3 W g, g B
Critical features are .‘-

defined by e-beam 15umf] A timed etch is used to
lithography. r | suspend the junctions.

'l‘

Ralph Group, Cornell




Electromigration: Making a |-3nm Gap

Current
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Ralph Group, Cornell



Single Molecule Transistors

Note: No Guarantee of 2 Connections

Source | oo

(P1)

Gate Oxide (Al,0,)

Gate (Al)

Vg

Ralph Group, Cornell



Metal / Molecule Interface

Coordination

O One-Site

7 “Bridging”
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WARNING: PowerPoint Science!




“Coulomb Blockade”

Source




“Coulomb Blockade”

Source




“Coulomb Blockade”

Source




“Coulomb Blockade”

Source




Coulomb Blockade in [Rux(tppz)3]**

4K Temp. Single-Molecule
Coulomb Blockade Transistor

Source Drain

T —————— . . 0.04
————

Charge passes when source, drain
and molecule bridge electronic
states are aligned

1250 2500

Conductance (nS)




s it Really Single-Molecule!?

* You must do
statistics....

* You must do
statistics...

e Careful controls
(‘no molecules™)

* Dilution Experiments

Conductance (G,)

Venkataraman, L. et. al. Nano Letters 2006 v. 6, 458-462




s it Really A Molecule!?

* |s it a nanoparticle?
* What are molecular “signatures?”
* What are control experiments!

* What are our statistics?

WARNING: Be Skeptical!
We can do theory...

But what’s the real experiment?




Prospectus

Statistics, Statistics, Statistics!
Charge Transport Mechanisms
More Charge Transport
Ensembles & Dynamics

Solar Energy:
Where things get (more?!) complicated




