Carbon nanotubes as ultra-nigh quality factor mechanical resonators
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Drivinga CNT High-Q resonator Tuning the frequency by tension Driving into the nonlinear regime
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» Characteristiv’(Vg) of bending mode [4, 6] e Linear behaviour is restored by temperature incre as

e Dilution refrigerator,T = 20mK

 Highly reqgular gquantum dot, 4-fold degenera:
Kondo effect, electron and hole conductance

e Good fit with continuum beam model

» Parameters consistent with CNT radius and leng! T he ultimate Q limit
(r ~ 1.5nm verified fromEgap and L)
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*\We obtain mechanical quality facto@x> 10° | | | | * Molecular dynamics calculations [8] predict an in-
o Re_sonance.nh(v) IS peak or dip, depending c):‘@, trinsic Q ~ 10°
- *Driven motion u(t) = upcos(2rvt) geometrically  , 1hg is what we reach at base temperature
Previous CNT resonators modifies gate capacitand®,®* = (dCy/du) Uo e .
| " * Q decreases significantly at higher temperature
»Cy™" acts equivalent to avi?“" = V,Cy™"/Cy . . _ase .
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frequency signal [3, 4] 2| kg Tmc
 Method developed for RT measurements » Calculate expectedll (V) from measuredipc(Vy) Quantumemechanical oscillator!
« Maximally observed® ~ 2000 atT = 20K [5] -Measure frequency tracdgv,Vy), evaluate reso- *HIghQ, frequency depends on resonator mass
- Driving signal applied directly at device & back get ~ hance amplitud@l (Vg) — Mmass sensiuvity
— Two HF cables connected to sample e Good gualitative agreement \F om / Ol _1\F - Yo A U
— Heating, electromagnetic noise e Typical motion amplitude at resonanse0.25nm S = FI (E) S =1 VHz  /Hz
— Not good for very low temperature measuremer .
Detect adsorbed He atom in 1s!
e Shorter devices with higher resonance frequecy
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