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Sample Preparation 

Sensor platforms formed by interdigitated Pt electrodes over a ceramic substrate fabricated by Francisco Albero S.A.
1
 were 

used
2
. The sensor platform included an embedded thermoresistance and a heater. Commercially available carbon 

nanofibers (CNFs), synthesized by means of CVD floating technique by Grupo Antolín S.A.
3
, were used. The fibers presented 

diameters ranging from 30 to 80 nm and lengths up to several m. Additional details of this material can be found 

elsewhere
4
. CNFs were dispersed in 2-propanol at a concentration of 1 mg/ml. Then, the dispersion was drop-casted over 

the Pt electrodes. In Figure S.1 is shown an image of the film over the electrodes and a single CNF at different scales.  

 

FIG. S.1 (a) Optical image of the carbon nanofibers (CNFs) film over the Pt electrodes. (b) Transmission electron microscope image of a 

single CNF and (c) transmission electron microscope image of a CNF at high resolution.  

Electrical and thermographic measurements: experimental details 

A two channel sourcemeter Keithley
®
 Series 2602 SourceMeter was used for all electrical measurements, including heater 

powering and self-heating driving. 

A thermographic camera ImageIR
®
 9300 was used for thermographic measurements. 
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Raman measurements: experimental details 

For the Raman analyses, CNFs were deposited across the Pt electrodes forming one single conduction path, in order to 

guarantee that all the current flows through the observed region (Figure S.2). 

Before the Raman measurements, the CNFs were annealed at 230 ºC in nitrogen for 15 minutes using the heater embedded 

in the substrate and a gas tight chamber. The same chamber was equipped with an optical window. The nitrogen 

atmosphere was maintained with a flow rate of 200 ml/min during the Raman measurements to prevent any G band 

displacement due to gas molecules interaction (e.g. oxidizing species). After the first annealing process, the electrical film 

resistance decreased from (8.73 ± 0.01) kΩ to (8.12 ± 0.01) kΩ. Subsequent annealing processes in nitrogen lead to no 

significant change in the electrical resistance.   

 

FIG. S.2 Optical image of the region analyzed by Raman spectroscopy. Pixel size are 5 and 3 μm for x and y spacing respectively. 

Spatial Raman mappings were carried out using a Jovin Yvon HR800 LabRam. The laser excitation wavelength was set at 532 

nm and a 50X long-working-distance objective was used. Laser power was set to 0.6 mW in all measurements in order to 

prevent laser-induced heating. The analyzed area was 30 x 50 μm
2
 (see Figure S.2) and the corresponding pixel size was 

3 μm by 5 μm in the x and y directions respectively. Each spectrum analyzed was the average of 5 different spectra acquired 

along 8 seconds. The baseline subtraction over the corresponding spectral range (1100 – 1800 cm
-1

) and the G band 

position determination (1550 - 1600 cm
-1

) for each pixel was extracted by MatLab
®
 software following the procedure 

described elsewhere
5
. 
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The G band displacement due to temperature variations was calibrated for each analyzed pixel. For this, a first series of 

Raman mappings were acquired at room temperature and by applying different potentials (from 0.3 to 1.2 V with a 

potential step of 0.3 V) in heater operation mode. The heater operation assures a constant temperature for the entire sample, 

and a linear dependence between Δω and T can be obtained for each pixel. To draw the temperature mappings distribution for 

self-heating process, a second series of Raman mappings were acquired. Different applied potentials (0, 3.2, 5.2, 6.2 and 8.2 

V) were applied in self-heating operation. Then, the G band position displacement can be related with the local temperature 

value of each pixel by using the previously obtained calibration. 

Electrical simulations 

The electrical model is grounded on decomposing the wires in two different kinds of resistance contributions: contact and 

wire. Thus, the total resistance of the wire network includes contributions from the wire segments ( i

WR ) and from the wire-

to-wire contacts ( j

CR  ) in random combinations of series and parallel arrangements. Figure S.3(a) shows the electrical 

scheme of two example situations: one single wire connecting the two electrodes and two wires creating a contact node. 

The decomposition of the system in the different resistance elements is also shown. In real simulations, larger wire 

networks (more than 100 wires), such as the one shown in Fig. S.3(b) were used.  

 

FIGURE S.3 (a) Basic electrical scheme of the system under consideration. The two electrodes (red squares) are bridged by three wires 

(dashed black boxes) randomly distributed. The wires are decomposed in three parts: two point contact resistances Rc at the ends, and a 

wire segment resistance Rw. In this example, there are two wires connected between them creating a point contact node (dashed green 
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circle). (b) Scheme of the simulated resistance network: the wires (black lines) are connected between them forming contact nodes 

(green circles) and to both electrodes (red blocks). 

The simulations were performed under an external bias voltage V = 2 V. The distance between both electrodes was 40 

µm and a uniform wire length of 20 µm was considered. The total equivalent circuit resistance and the total dissipated 

power are shown in Fig. S.4 for different R values.  When R increases, the equivalent resistance also increases and the 

dissipated power decreases. 

 

 

 

 

 

 

 

 

FIGURE S.4 Total equivalent resistance Req and the total power Ptotal for different scale parameters. 
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