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Thermochromic VO2 films were prepared by reactive DC magnetron sputtering onto heated sapphire 
substrates and were used to make 100-nm-thick samples that were 10 µm wide and 100 µm long. The 
resistance of these samples changed by a factor ~2000 in the 50 < Ts < 70 ºC range of temperature Ts around 
the “critical” temperature Tc between a low-temperature semiconducting phase and a high-temperature 
metallic-like phase of VO2. Power density spectra S(f) were extracted for resistance noise around Tc and 
demonstrated unambiguous 1/f behavior. Data on S(10 Hz)/Rs

2 scaled as Rs
x, where Rs is sample resistance; 

the noise exponent x was –2.6 for Ts < Tc and +2.6 for Ts > Tc. These exponents can be reconciled with the 
Pennetta–Trefán–Reggiani theory [C. Pennetta, G. Trefán, and L. Reggiani, Phys. Rev. Lett. 85, 5238 (2000)] 
for lattice percolation with switching disorder ensuing from random defect generation and healing in steady 
state. Our work hence highlights the dynamic features of the percolating semiconducting and metallic-like 
regions around Tc in thermochromic VO2 films. 
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VO2:  
 
- Thermochromic [F. J. Morin, Phys. Rev. Lett. 3, 34 (1959)]; 
 
-  Single crystal: first-order metal–insulator transition (MIT) at Tc ≈ 68 ºC; switching between a 

low-temperature (monoclinic) semiconducting state and a high-temperature (rutile) metallic-
like state. 

 
-  Thin films: the MIT is gradual with metallic-like regions growing in extent as the sample 

temperature Ts approaches Tc from below and with semiconducting regions disappearing as Ts 
becomes increasingly larger than Tc. 

 
 
 



resistivity and noise exponent depends on 
dimension only (in regular lattices) and their 
absolute value is the same in 2D for 
conductor-insulator/superconductor transition 
(due to duality in 2D) 
 
figure from: Z. Gingl, et al,  Semicond.  Sci. 
& Technol. 11 (1996) 1770.  

free percolation:Lattice percolation 

R(p)∝ p − pc( )− t

p: filling factor  (0 – 1) 
pc: percolation threshold 
 
t: resistivity exponent (1 - 2) 
depends on dimension only (in regular lattices) 
 
because percolation length is scaling in a similar 
fashion 

SR( f )
R2

∝ Rx



Lattice percolation is confirmed in VO2 films by J. 
Rozen, et al, Appl. Phys. Lett. 88, 081902 (2006). 
 
p: determined from transparance measurements 

R(p)∝ p − pc( )− t



Noise experiments. 
Schematic illustration of a 100-nm-thick VO2 sample with a micro-bridge in the middle and with contact pads for 
four-point electrical measurements. The dimensions are L1 = 5 mm, L2 = 100 µm, L3 = 6 mm, d = 1.5 mm, W1 = 1 
mm and W2 = 10 µm. Panels (b) and (c) are photos of the same structure and of the VO2 micro-bridge in the encircled 
region, respectively.  

 SEM micrographs of  the VO2 micro-bridge 



Extraordinary temperature sensitivity. For successful conductance noise measurements, it 
requires ultra-low noise temperature control, which is not available on the market. 
 
We had similar problems in the 1990's with measuring high-Tc superconductor noise. 
 

Resistance measurements 
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Ultra-low noise temperature control (originally developed by Per Nordblad, which we modified 
for the new needs) 
 
 
 
- P. Nordblad, “Magnetic Anisotropy and  
  Magnetic Phase Transitions of Iron and Manganese Compounds”, in Abstracts of Uppsala Dissertations from the Faculty of    
  Science 556, Acta Universitatis Upsaliensis (Uppsala, Sweden, 1980). 
 
 
 
- P. Svedlindh, K. Gunnarsson, P. Nordblad, L. Lundgren, H. Aruga, and A. Ito, Phys. Rev. B 40, 7162 (1989).  
 
 
- Copper thermometer, (DC-) heater and the film sample on the same copper block; 
 
- in vacuum, thus passive thermal relaxation time > 1000 seconds; 
 
- thermometer with 4-point driving/probing arrangement with a differential transformer; 
 
- temperature measurement bridge is of high-stability resistors in oil bath 
 
- which is driven by AC, 473Hz to reduce 50 Hz harmonics, generated, filtered/measured by a lockin amplifier 
 
- lockin DC output is driving a PID controller, which drives the analog DC heater amplifier. 
 
Temperature noise less than 10-9 K/Hz0.5  can be achieved. 
 



Conductance noise spectrum and checking for temperature fluctuations ( 1/f 2 ) 



Scaling plot of the normalized noise versus the resistance 



Our measured/fitted noise exponents in various high-Tc superconductor films (1989-1994) 



Our measured/fitted noise exponents in various high-Tc superconductor films (1989-1994) 

The -2.7 exponent would be fine at the high-temperature end however that is the 3D case where duality [P.M. Hui and D. 
Stroud, Phys. Rev. B 34, 8101 (1986)] does not force the same absolute value in at the low-temperature end as at the high 
one. 



Kiss-Svedlindh, p-fluctuations, percolation noise model, 1993 

Kiss-Svedlindh, PRL 1993. 





The Pennetta-Trefan-Reggiani model of "dynamical percolation" with microscopic 
damage and healing processes with separate rates in 2D produces 2.6 exponents in the 
steady-state at low-temperature.  
 
In 2D, due to duality [P. M. Hui and D. Stroud, Phys. Rev. B 34, 8101 (1986)], the same 
absolute exponent value holds in the high-temperature limit with negative sign. 

 

SR( f )
R2

∝ Rx     with        x ≈  ±  2.6

in the percolation (scaling) region: 



Scaling plot of the normalized noise versus the resistance 



UPoN!!! 
 
- In the PTR model, the noise is not inherent in the resistance 
but comes from the switching 
 
- PTR see Lorentzian spectra. How do we get 1/f noise? 
 
- Hierarchy of switching time constants? 
 
- Why is the spectrum 1/f in the whole temperature range? 
 
- Perhaps another model is relevant? 
 
 
 
  


