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Figure 12. Picture of actual setup for electrical resistivity measurement: (a) electrical connection to 
instruments; (b) placement of a copper sample on the device; (c) placement of top support; (d) sample is 

clamped and ready for measurement. 

Another acrylic sheet was used to hold the sample against the copper wires for uniform 

contact and pressure. This part was attached to the base with two screws. Under this 

arrangement, small and constant current pulses (<0.1 A) with reversing polarity were sent 

through the cross section of the sample and the voltages were measured at two 

intermediate points along the length using the voltage probes. This is a special combined 

mode (delta mode) operation of the Keithley 6221 current source and Keithley 2182A 

nanovoltmeter. The small reversing current pulses prohibit any resistive heating in thin 

samples and eliminate spurious Seebeck voltage that may cause measurement errors. The 

electrical resistivity is then calculated using the relation 

L = 10 mm 

Width (w) 

Top support 

Base 
Clamp 

(a) (b) 

(c) (d) 



19 
 

 

𝜌 =

𝑉
𝐼 × 𝑤 × 𝑡

𝐿
 

(4) 

where ρ is the electrical resistivity, V is the measured voltage, I is the supplied current, w 

is the sample width, t is sample thickness, and L is the length between the voltage probes 

or contacts. Several voltage readings were averaged when calculating the electrical 

resistivity. 

2.4 Device Calibration  

Three metal foil samples of aluminum, molybdenum and nickel (Advent Research 

Materials Ltd., UK) were used for the calibration. Copper was also used for the electrical 

resistivity calibration. The samples had a rectangular geometry (20x20 mm) with a 

thickness of 50 μm (except for Ni that was 125 μm). Aluminum, copper and nickel were 

99.99% pure and molybdenum was 99.95% pure. Measurements were carried out both on 

bare samples and using small amount of silver on the 4 contact points. Seebeck voltages 

as a function of temperature difference for all samples with and without silver contacts 

are plotted in figure 13.  
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