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● Intro
● SWNT resonators
● Mass sensing with SWNT resonators
● Performance
● yg=10^−24g, nucleon mass=1,7yg
● zg=10^-21g



  

Intro
● Goal: precise mass detection/measurement
● Build a small, light and stiff resonator
● Capture a load to measure
● Kick it to resonate
● Detect the resonance shift
● And a few technicalities... 
● "What is this thing, anyway?" said the Dean, inspecting the 

implement in his hands. "It's called a shovel," said the Senior 
Wrangler. "I've seen the gardeners use them. You stick the sharp 
end in the ground. Then it gets a bit technical."

    (Terry Pratchett, Reaper Man)



  

Resonators
● The stiffer the better (large k)
● The lighter the better (small m_eff)
● Use nanotubes or graphene (high R, mass 

responsivity)
● Memo: quality factor (Q): the bigger the better 

(Q=1/2 crit. damp.) 



  

SWNT Resonators



  



  

● Excite and Read



  

T=4.2K
● Coulomb-blockade
●

● Strong electro-mechanic 
coupling

● Charge-discharge:                  
 (current-Joule-heat on 
interfaces) ->Q  

● Ch. fluct.->electronic force 
fluct. → f_0 depends on 
V_g^DC



  

Oscillating f_0 and Q

 

● Truly mech. Origin
● Better interface: bigger Q
● Q theor max: 10^7
● Strong nonlinearities 



  

Mass sensing

● Two articles: 2008/2012, 
Bachtold's group

● Params: mass responsivity: R,
Q, mass resolution:  

● Clean, low pressure, low temp.



  

2008
● Several devices, Q=50...200, 

(300K) // Q=800...2000 (20K), 
unknown reason

● Evaporizing Cr (high bindig  
energy), as slowly as poss.

● Evap. step: (1,5s), 160 zg 
Cr=1860 Cr atoms

● T=300K, vacuum



  

2008, mass responsivity
●                  , 4 ord. of 

magnitude better than 
anyone before

● Theor. Estimate is the 
same order of magn.

● Exceptionally stabil 
regions



  

2008, mass resolution

●

●

● Mass resolution: 0.1 zg (1Cr atom!)
● Reason: charge fluct. in readout 

circuit, stabil plateau: non-moving 
charge centers 

● In situ reset: few microampers for a 
few mins (no loss in sensitivity)



  

Ways to improve
● Theoretical max. (mass of a n!): 1yg, with 

B=10Hz
● Cooler, cleaner, without charge fluctuation, low 

pressure



  

2012
● Putting everything together:
● Short tube: 150 nm
● Low-noise motion detection
● He temperature
● 3×10^-11 mbar (3200 s between 

impinging events)
● Current annealing (8 microA, 300s), also 

used as a reset, for 9 months, only a 
minor loss in sensitivity

● Hopping on contaminating molecules 
between trapping sites



  

2012, 2yg mass resolution



  

● Xenon: upward shifts: single 
desorption events

● Naphtalene: downward shifts: 
single adsorption events (2 
orders of magn. better than 
before)

● Trapping position dependent (en 
route to improve with a trapping 
site)



  

Summary
● SWNT-s for mass sensing: stiff, light-> precise 
● Resettable, last for months, easy to excite, easy to 

read
● Mass resolution of  neutronmass


