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Universal Conductance Fluctuations

Current I

Voltage V

L

Requirement: le <<  L << l � �
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Universal conductance fluctuations
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Conductance fluctuations in point contacts

Not universal

Holweg et al. Phys. Rev. Lett. 67 (1991) 2549

Ag, R=11 Ω (~103G0)

elaheG /)/(6.1 2≈δ
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Mechanically Controllable Break Junction
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Mechanically Controllable Break Junction
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Quantum conductance (2 dimensions)

Incoming and reflected 
modes

Transmitted modes

Scattering at the contact
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Conductance is transmission

Vector of incoming waves from the left, on a basis of 
quantum modes:  
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Examples for several settings of the 
conductance of the contact
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Experimental approach to ensemble average
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•Large modulation voltage 
•Fixed bias voltage (Vbias= 0) ; 20mV; 48 kHz
•Record G and dG/dV simultaneously

)sin(modbias tVVV ω+=
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Ensemble average for selected G intervals

Au
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Model calculation

Maslov, Barnes & Kirczenow, Phys. Rev. Lett. 70 (1993) 1984
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Calculation of scattering corrections to G
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Calculation of scattering corrections to G 
(continued)
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The probabili ty per unit time to return to the 
contact, after a time τ, into a given mode n, is
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Model assuming channel saturation
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Assuming a random distribution of Tn

for two channels

Au
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Test of the dependence on modulation amplitude
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Experimental test of thermopower

V+ I+ I- V-25 µm gold
wire
(99.996%)

Ru02 Thermometers

Ru02 Heaters

Notched 100 µm gold
wire (99.9999%)

Glass plates 2 x 2 x 0.2 mm

Phosphor bronze
bending beam

Piezo

Bath
temperature
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Thermopower and conductance
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Fluctuating contribution to the thermopower
(analogous to conductance fluctuations)
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Standard deviation in thermopower
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Scaling of thermopower and conductance 
fluctuations
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Conclusions

• For atomic-size contacts of monovalent metals we observe a 
quantum suppression of the fluctuations close to NG0.

• Formulation in terms of scattering properties of the bare 
contact.

• Saturation of channel transmission (Cu,Ag,Au,Na,…).

• Fluctuations of the thermopower.

• Thermopower and conductance fluctuations are in 
quantitative agreement.

Universiteit Leiden
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Series resistance
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To lowest order

From random matrix theory, perfectly transmitted 
channels:

(Beenakker and Melsen, PRB 50 (1994), 2450)
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Histogram of δG/δV for 2500 points 
centered at given conductance value
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Scaling of the two properties
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