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bending rigidity
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Atalaya, Isacsson and Kinaret, Nano Letters (2008)
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Motivation : quantum limit

E =ha(n+1/2) h

OX ~, =
“ \Vme




seelng 1s believing

31 MHz

31 MHz

o Exp.
Model

0 2 4
X(nm)

Garcia-Sanchez, van der Zande, San Paulo, Lassagne, McEuen, Bachtold
Nano Letters 8, 1399 (2008)



mixing technique — frequency modulation

V. Gouttenoire et al., Small 6, 1060 (2010)
adapted from V. Sazonova et al., Nature 431, 284 (2004)



mixing technique — frequency modulation
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V. Gouttenoire et al., Small 6, 1060 (2010)
adapted from V. Sazonova et al., Nature 431, 284 (2004)



mixing technique — frequency modulation
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What a surprise !

A
80 5K
— 316 uV
%_ 40 F driving force
é 158 uVv
T, Py 63 uV

254.8 254.9 255.0 255.1
f (MHz)

_ \')
el COS(Zﬂfag de .




107 :
: . 5 40 - -
— . 410" frequency
£ e _ =
Z 104'_ * i 0 é [
% :+ _ d:20_
= i10° @ -
3 | |
10 N 0 i
10 10" 10° 107 10 10~
Ve (V) V.. (V)
1
fOo: ‘l@“
0°x  OX
m eV\

pv +y p- +kx=F, cos(Zﬁ%\g d




width (Hz)

Scott Bunch, et al. Science 2007
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width (Hz)

higher order terms
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width (Hz)

higher order terms
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higher order terms
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mX = —kx — y x—ax®
nonlinear damping

Ron Lifshitz and M.C. Cross. Review of Nonlinear Dynamics and Complexity 1 (2008) 1-52.
S. Zaitsev, O. Shtempluck, E. Buks, O. Gottlieb, arXiv:0911.0833
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NONLINEAR DAMPING
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m X = —kx —%— ax® —nx°X

A. Eichler, J. Moser, J. Chaste, M. Zdrojek, |. Wilson-Rae, A. Bachtold, arXiv:1103.1788



hysteresis and nonlinear damping
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e

PHILOSOPHIA:
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Can we tune:
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quantum dot ——> |:electro — _kelectrox — Velectro X

Lassagne, Tarakanov, Kinaret, Garcia-Sanchez, Bachtold, Science (2009)
see also: Steele, Hiittel, Witkamp, Poot, Meerwaldt, Kouwenhoven, van der Zant, Science (2009)



oxide
backgate

Saturation current ~1microAmps per nm
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Saturation current ~1microAmps per nm
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Stability diagrams
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J. Moser and A. Bachtold, Appl. Phys. Lett. 95, 173506 (2009)



Models for qguantum dots in constrictions
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conclusion
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