RF/Microwave Properties of

Nanotubes and Nanowires

LABORATORY DIRECTED RESEARCH & DEVELOPMENT

i R Y
"-'-I

d, A. A. Talin, D.L. Barton (PM)
wing, T. 5. Mayer

4
ia State Univers [ |
&
iy N
n ’
P ro b I Em Typical SINW Conductance Spectra - .
i = el
] | Foal (m} and imaginary (b) pars !
= £ £ ‘18 oA o I y
* Manowires and nanotubes are expected 1o have novel electrodynamic properties relevant to: . L | A L TR T K = .
: : ; P s | carductancs far an amay of -1 ;
~ basic nanomaterial physics 5 = ::,_;.a g L | aetype SiMWs In vacum ot 4 K, il
i ] 4 . B, ou = e o e & ! %
- high-spead / high-frequency electronics and sensar applications i o A e S | TDOK, 200K and 283 K and b ’
i e '__‘i _:y sl aimosphars ol 283 K. Tha
L] o - - o
‘i i : i - e dashed BEAck linss are resutis of
s - = - " .
Limited knowledge of nanostructure microwave electrodynamics exists 2 y [ | Piting thet claka wiih the siablinsar § i i
e - P . ; 5 o . 'k en | Corduciamcs moded Simrelar qu
* Oibjective: measure the microwave electrodynamic properties of ranostroctures, parficularly - = resulls wene obisined far p-lype +.'
the frequency dependence of the conductivity e ke S | SiNWG and for undopod SilWs |
- 1" 1" 1B m Mmasprere |
4 ’ : 3 Fragss F
* The experimental challenges were dictated by the scattering nature of the experiment and the i e o
physical scale of the nanostructures # Temperature dependence consistent with bulk silicon
= Addressing nanostructures with microwave equipment = Sublinear frequency dependence not consistent with bulk
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- Separation of coupling from intrinsic response -+ specific 1o nanowire morphology
— Obtaining physical parameters from scattering data * For 11 1o > 50,000 SINWs, 025 < s < 0,45 — microscopic disorder
* Required a novel microwave waveguide spectroscopy technigque * Exponent nearly temperature independent =+ Not thermally activated
—+ Possibly topological disorder
App rna'[h * Large surface effect (ATP) suggests disorder source: 5i0x charges
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- ldentifies directions for applications research (e.g. surface passivation)
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