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Allotropes of Carbon
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A. Geim and K. Novoselov, "The Rise of Graphene", Nature Materials, 6, 183-191, (2007).






Ballistic vs. diffusive transport
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Resistance vs. length

R'=Reontact + L -6 KQ/pm

16
. L F 1 5
B Irvine ; ; =
100M 1| © Maryland ’.,_
A Stanford -
—i— Comell N
a 10M k| o Columbia .
= - — Scaling 6kQ/pm| ! A |
g = Ballistic limit A
© .
0
L 100k -
10k =
1k | | | I | |

10 nm 1 um 100 um 10 mm

S. D. Li, Z. Yu, C. Rutherglen and P. J. Burke, "Electrical Properties of 0.4 Cm Long Single-Walled Carbon
Nanotubes", Nano Letters, 4, 2003-2007, (2004).

C. Rutherglen, D. Jain and P. Burke, "Nanotube Electronics for RF
Applications", Nature Nanotechnology, in press, (2009).



anotube RF Circuit Model

. Lll(in¢=:tic: = 16 nH/pm

Geometry e Couantum = 100 aF/um
T ,' CEIectrosta-,i_;ic = 50 aF/pm
« Characteristic impedance =
/ / Sqrt(L/C) = h/2e2 = 12.5 kO
« Wave velocity =Sqrt(1/LC) :
RF circuit model: Veermi = 8 105 m/s ~ ¢/100
A transmission line
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“An RF Circuit Model for Carbon Nanotubes”, P.J. Burke IEEE Transactions on
Nanotechnology 2(1), 55-58 (2003)

C. Rutherglen and P. Burke, "Nanoelectromagnetics: Circuit and Electromagnetic
Properties of Carbon Nanotubes", Small, 5, 884-906, (2009).



Nanostructure Materials
Building blocks
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Thrust 2: Probes

C) Invention & demonstration of innovative, on-chip
source/detector schemes of molecular probes (Yale,
Penn, NYU, Irvine)
-Nano gap

-Nag@ fluidiGSanogap in a cas. 8) pL
Yo =999 image of this wire when excited with a laser

o - spot at position I C) PL image under
homogeneous illumination of the wire. This  Agrawal, MURI Proposal

D)'F4P¥iéId TAterrogation methods
demonstrated and assessed
-Nano-antennas
-Meta-materials
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. Rutherglen and P. Burke, "Nanoelectromagneics
Circuit and Electromagnetic Properties of Carbon
Nanotubes", Small, 5, 834-906, (2009).

A) Fundamental understanding of signal
propagation from RF (Irvine) to light wave (Yale,
Penn) eﬂfmg 1d systems
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P.J. Burke, "Nanotubes and
Nanowires". 2007, World Scientiic.
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W. Shen, H. Zhong, D. Neff and M. L. Norton, NTA Directed Protein Nanopatterning on DNA
1
A transmission line

Origami *, Journal of the. 31, 6660-6661, (2009).

7An R Gt odal o Golbon Nancluber. .. Bk IEEE Traraackons on Nanosscheolony 2(1), 5.3 (2003)
“Lutinger Lauid Theory 2 a Model of the GHz per P.J. Burke, IEEE 1),

PL image of a ZnSeNW and the
corresponding spectra from one of the
ends. E-k dispersions for different ZnSe
NWs of different radii showing very strong
size' ' dependence of the dispersions.

Thrust 3: Signals and Signatures
A) Simulation of Molecular Conductance
S ol Nanoeners. 6 16551605, po0e) oo T 4 DC (Texas A&M)

Plasmon propagation along a Ag nanowire. (Right) B s o 35

Measurement of the propagation lengths of SPPs in
microfabricated Ag waveguides, at a launching
Front and sideview of DNA-CNT circular
wrapping after 6.4 ns, at the middel stage
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and Sio, . ; - v R. Agarwal, "Size-Dependent Waveguide Dispersion in Nanowire
. Optical Cavities: Slowed Light and Dispersionless Guiding",
= = Nano Letters, 9, 1684-1688, (2009).

wavelength of 830 nm e ey

L. Zheng, D. Jain and P. Burke, "Nanotube Peptide
Interactions on a Siicon Chip", The Journal of Physical
Chemisty G, 113, 3978-3%5 (2009

C. Rajesh, C. Majumder, H.
otibe-peptide docking

Mizuseki and Y. Kawazoe, "A
Theoretical ~ Study on  the
Interaction of Aromatic Amino
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B) Demonstration of  signal propagation
measurement techniques In water (Irvme)

Y e . .

Sy

tryptophan.

_AC (NYU Poly)

7.75 GHz non-contact
imaging of

carbon nanotubes HOMO, LUMO and MEPs for single strand DNA

placed over graphene sheet in four ways Calculated IR spectra for DNA Codon GGT

STTR #W911NF-07-C-0098
“Nanotube Antennas’ , UC Irvine, RF
Nano Corporation, NIST, Aglent

Schematic of the Motifs (A) The
top view of DNA 6HB. (B) The side
view of DNA 6HB. These
were rendered by GIDEON (Blrac
et al, 2006). (C) The BTX
molecules. (D) Cross sectional
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B) Arbitrary Plasmon Dispersion Design
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-Antenna Concept
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Peter J. Burke, Shengdong Li, Zhen Yu

"Quantitative theory of nanowire and nanotube antenna performance”
IEEE Transactions on Nanotechnology 5(4), 314-334 (2006).



Nanotube Radios
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Rutherglen, Burke, et.al.. Nanoletters.7, 3005. (2007) . :
Zettle, et. al.. Nanoletters. 7, 3508 (2007)




Press Coverage

Wilson Rothman. World’s Smallest Radio Is Just Atoms Wide, Still Needs AAA Battery (Oct. 18, 2007)

Ehe New YJork Times Barnaby Feder. Radio Nano Calling.. Testing 1,2,3,4 (Oct. 17, 2007)

[B]B]C]
NEWS ‘World’s smallest radio’ unveiled (Oct. 18, 2007)

Alexis Madrigal. Nano Electronics Researcher Decodes Radio Signals Using Atom-Sized Components(Oct. 17, 2007)
Jessica Thomas. Carbon nanotubes: Turn the radio up (if you can find it). Nature Nanotechnology 2, 744 (2007)

Science Micromini Radio. Science 9 November 2007: Vol. 318. no. 5852, p. 893

@heStar-Lebger  J. Scott Orr. Dust Gets Smart (Dec. 03, 2007)
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Nano-Radio Communications Technology
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%) Metabolism & Bioenergetics

T
 Diabetes
 Alzheimer’s | |
. Aging S Microchip
assays
 Cancer
« Heart disease




Mitochondria

Endoplasmic
reticulum

Free ribosomes——

i=—Ribosomes
(dots)

Mitochondria are known as the Mitochondria
powerhouses of the cell. .y Nucleus

-Energy conversion

-Heat production

-Storage of calcium ions
-Apoptosis:programmed cell death

Crucial biological marker for cellular functions

Glucose e ; Water

Oxygen
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Figure 3 MITOCHONDRIAL BIOENERGETICS & PHYSIOLOGY  Apoptosis
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jue State of Mitochondria in hESC
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« Current technology

Current Technology and

Chamber volume: ~ 1 to 5 mL
Sample concentration : 0.5 ~ 3 mg/mL

Several hundred ug of mito protein
needed

« Motivations

No miniaturized and chip based-sensor
Waste a great deal of precious sample

Challenging to assay mitochondria from
small samples

Reduce cost

Challenge~
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Oxygraph 2k, Oroboros Inst.
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First Gen. mitochips
Chamber Volume: 80uL, Sample concentration :0.3 pg/mL, mito protein needed: 30 ng
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Lab on a Chip, (2010)
o Second Gen. mitochips
Microfluidic channel BOOBS 1106
LTy e High yield
5 il J‘ e Low Device variation
i e Life-time & stability: 23 months
& 2 I = | @ Response time : 60% faster

More Devices under development.
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