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Abstract. Development of nanometer-sacle probing techniques have become imperative for current flow and 

resistivity measurements with nanometer scale spatial resolution in a variety of materials and devices. The use 

of weakly coupled scanning tunneling probes to detect transport phenomena appears to be an appropriate 

approach. We will describe a new setup, where the unique combination of four scanning tunneling microscope 

probe tips and a scanning electron microscope in ultra high vacuum allows 4-point contact measurements and 

function testing of nanodevices within complex structures and integrated circuits. Such a tool has considerable 

potential, as it does not need any extra electrodes on the specimen and enables arbitrary arrangements of 

probes, with the highest spatial resolution, on isolated semiconductor nanowires, for example.  

1 Introduction  

In a wide range of semiconductor applications the 

characterization of the local conductivity is crucial for the 

final device performance. To fulfill this goal, four-point 

probe measurements have been a technique of choice, due 

to the low requirements on sample preparation and its 

high accuracy. The measurements are mostly done on 

large samples—test-wafers—with dimensions much 

larger than the pitch of the four-point probes. With the 

increasing wafer size and processing costs, considerable 

savings may be realized if accurate characterization can 

be done on small dedicated areas on device wafers 

instead. 

For a large conductor, the probes only represent a 

minor perturbation. But with the ongoing reduction in 

sizes of devices, standard probes can become very 

invasive and the dominant source of scattering at the 

nanoscale. Therefore, the use of probes operated with a 

scanning tunneling microscopy has considerable potential 

[1,2,3,4,5], as it does not need any extra electrodes on the 

specimen and enables arbitrary arrangements of probe 

electrodes with the highest spatial resolution. Here, we 

will first give a brief description of an instrument that 

combines multiple probe scanning tunneling microscopy 

(STM) with scanning electron microscopy (SEM) in ultra 

high vacuum. Based on the atomic precision of motion 

control of STM and real-time and fast imaging capability 

of SEM, we will further show how this instrument can be 

used to characterize semiconductor nanowires prior to 

their integration into devices. 

 

2 Instrumentation  

In STM, measurable tunneling currents usually 

ranges from tens of femtoamperes to hundreds of 

nanoamperes, depending on the width of the tunneling 

barrier and the conductivity of the materials. To achieve 

the appropriate tip-sample separation, actuators, 

consisting of piezoeletric ceramics that expand or 

contract almost linearly with the voltage applied across 

the ceramics, are required to move the tip with a 

precision of the order of the picometer. In the case of a 

four-probe STM, four STM probes are mounted on four 

different cylindrical piezo actuators that can be translated 

independently by inertial motion driving systems. The 

whole plateform (see Figure 1) is surmounted with a 

SEM [6], that enables a large field of view for probe 

coarse positioning as well as fine positioning and rapid 

localisation of nanometersized structures. When the 

probe tip apex shadows nanometer-sized structures in the 

SEM navigation or if the structures are even smaller than 

accessible by SEM, the atomic scale precision of STM 

allows the final precise positioning of the probe tip. In 

order to begin experiments with a reproducibly clean 

sample, and to ensure that significant contamination by 

background gases does not occur during an experiment, 

the whole instrument works in ultra high vacuum (UHV). 

Finally, the instrument is equipped with fast-entry load 

locks and a preparation chamber. This extension allows 

for separate tip and sample preparation with a wide range 

of different processes such as sputtering, annealing, and 

thin film deposition. 
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Figure 1. Schematic diagram of the measurement stage of a 

four-probe scanning tunneling microscope, where the four STM 

tips are positioned above the sample, at the end of four 

actuactors, that are themselves supported by four coarse 

positioning systems. 
 

To fully take advantage of the equipment, the SEM 

and all four STM tips should be simultaneously and 

independently operated. Moreover, the STM tips can 

work in two different modes, either in the tunneling 

regime, where they are used to observe a sample and to 

perform tunneling spectroscopic measurements, or in the 

contact regime, where they are used in a source/measure 

configuration to perform DC electrical measurements. 

Due to the complexity that can occur when multiple 

probes are operated at the same time, a powerful control 

system that allows all types of experiments was built. As 

measurements of the conductivity of a nanoscale 

component require to bring the STM tips into contact, 

each feedback loop used for imaging the sample with the 

STM can be disabled by switching units. These modules 

provide an alternative output to the STM tips that can be 

connected to other preamplifiers, voltage or current 

sources, electrical measurement devices, function 

generators, etc. 

 

Figure 2. STM image of Al nanodots grown on silicon (image 

width: 120nm). Inset: I(V,d) characteristics acquired on a dot, 

by varying the sample voltage V and the tip sample distance d 

spectroscopic measure-ments acquired on a dot, by varying the 

sample voltage and the tip sample distance. The low/high 

current regions correspond to tunneling /contact regimes.  

Figure 2 shows a STM image of Al dots grown on a 

Si(111) surface. One of the STM tip was immobilized 

over a single dot and the signal switched to a low current 

source meter unit to record the different regimes of 

conductance as a function of the distance between tip and 

sample. The graph (vertical logarithmic scale) reports 

three regimes depending on the tip-sample distance. At 

large distances, when the tip is retracted from the sample, 

no current flows for any value of the voltage V. At 

smaller distances (0.38nm>d>-0.24nm), the I-V 

characteristic corresponds to a straight line on the 

logarithmic scale, implying that the current varies 

exponentially as a function of the tip-sample distance. 

Then, for short tip-sample distances (d<-0.24nm), the 

current reaches saturation, due when the tip gets in 

contact with the dot. In this regime, if the tip-sample 

distance is kept constant, a rectifier-shaped I(V) curve is 

measured when the bias varies. This behaviour is caused 

by the formation of a Schottky barrier between the Si 

surface and the Al dot. Such a result demonstrates the 

potential of each probe to inject or measure a current with 

both spatial and electrical precision. 

3 Resistivity of InAs nanowires  

Narrow band gap materials span over the sub-eV 

spectrum and have opened the way to a multitude of 

applications that range from infrared optoelectronics [7,8] 

to low-power logic applications [9,10] and quantum 

information [11]. While two-dimensional heterostructures 

made up of these materials generally suffer from extreme 

lattice mismatch, the successful growth of nanowires with 

improved crystal structure offers new perspectives in 

integrating these materials into fast and low-power 

transistors [12]. Since the ratio between surface and 

volume in one-dimensional systems becomes important 

with respect to the bulk crystal, their transport properties 

might be governed by the surface structure and chemistry 

of their sidewalls [13,14]. Therefore, extensive studies of 

their conductivity with precise control over the nanowire 

surface structure and its environment are required to 

determine the contribution of the surface to the electronic 

transport. 

[0001]-oriented wurtzite InAs NWs were grown 

from gold droplets by gas source molecular beam 

epitaxy, technique that is known to significantly limit the 

bulk incorporation of impurities in III-V NWs. Starting 

with an InP stem growth at 410°C on InP(111)B 

substrates, InAs nanowires were subsequently grown by 

direct switch from P2 to As2 molecular fluxes. The NW 

mean diameter was 70 ± 9 nm. Three types of geometry 

were electrically investigated: interconnected NWs with 

conventional planar technology, free-standing NWs and 

flat-lying NWs. For the first ones, NWs were deposited 

onto a degenerately-doped Si wafer with a 225 nm of 

thermally-grown SiO2 layer and selected for contact 

processing with a scanning electron microscope at low 

magnification and with a short integration time. After 

spin-coating the sample with an electron-beam sensitive 

polymer, four contacts are defined along the nanowire 

using electron beam exposure. The oxide on the contact 
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area was etched in a (NH4)2Sx solution just before 

evaporation of Ti/Au electrodes (10/150 nm thick). This 

step was followed by a thorough lift-off to get NWs with 

clean oxidized sidewalls. In this case, a CCD camera 

mounted on the UHV system was used to position the 

STM tips on metallic pads, thus avoiding the exposure of 

the NWs to the e-beam (see Figure 3(a) and (b)). As to 

the second type of geometry, the as-grown NWs were 

manipulated into direct contact with the substrate used to 

interconnect NWs. Based on this action, the NWs were 

cleaved and falled down flat on the SiO2 surface [15]. 

There, they could be contacted with four STM tips, as 

shown in Figure 3(c).  

 

 
Figure 3. (a) Large scale SEM image of the sample geometry 

used to characterize the electrical transport in interconnected 

InAs nanowires. Two STM tips are plugged to the source and 

drain electrodes. Scale bar: 300 µm. (b) SEM enlarged view of 

the InAs NW in electrical contact with four electrodes Scale 

bar: 1µm. (c) SEM image of a single InAs NW on a SiO2 

surface in contact with four STM tips. Scale bar: 300 nm (d) 

SEM image of free-standing InAs NWs with clean and well-

ordered sidewalls that were grown on a InP(111)B substrat 

(right part of the image). The NW in the centre is contacted by 

four W tips. (e) V-I curves measured with the four probe 

method for different spacings L between tips 2 and 4. The 

length L is given in the right of the graph. Upper inset: 

Resistance measured from the V-I measurements as a function 

of L. Lower inset: I-V curve measured between tip 2 and the 

substrate. Scale bar : 150 nm.  

Finally, in the third configuration, the as-grown 

NWs were kept on the InP substrate. It allows to keep the 

crystalline surface of the NWs intact, when the samples 

are capped with a thin layer of As at the end of the 

growth. Such a capping layer protects the NW surface 

from oxidation when the samples are transferred to air. It 

can be desorbed in UHV at 350°C, monitoring the As 

desorption with mass spectrometry [16]. Figure 3(d) 

shows a typical array of free-standing InAs NWs, where 

the NWs have a mean diameter of 70 nm and an average 

length of 2.5 µm. Thanks to the precision of the STM 

scanners, four tips have been brought into electrical 

contacts with the NW visible in the centre of the SEM 

image. In most cases, the I(V) curve between a single tip 

and the substrate, held at ground, has an ohmic 

behaviour, as shown in the lower inset of Figure 3(e), 

where the resistance is 36 kΩ. Tips 1 and 3 were 

respectively connected to the gold catalyst and the base 

of the wire and used as source and ground electrodes for 

driving the current through the wire, while the substrate 

was kept floating. Tips 2 and 4 were the potential probes. 

When a current is passed through the wire, the 

potential drop measured between the inner probes is 

found to be linearly proportional to the current intensity 

(see Figure 3(e)). The gradient of the curves yields the 

four-probe resistance of the wires for a given separation 

between the inner probes. By moving the inner tips 

towards the center of the wire, a set of V(I) characteristics 

was acquired for different tip separations L. From these 

V(I) curves, we obtain the resistance RNW that is found to 

linearly increase with L, as shown in the upper inset of 

Figure 3(e). The slope yields a resistance per unit length 

RNW/L of 8.78 kΩ/µm. 

 

 

4 Conclusion  

We have demonstrated that a multiprobe STM 

allows us to measure the resistivity of free-standing 

semiconductor NWs. Comparison of the resistivity 

between those free-standing InAs NWs and non-

irradiated InAs NWs has more recently showed a 

significant and reproducible decrease of the resistivity 

upon irradiation [17]. This effect is caused by the 

formation of a deep accumulation layer at the surface of 

the NWs due to the generation of defects on the InAs NW 

sidewalls. As surface charged defects induced by electron 

irradiation should occur in all types of semiconductor 

nanomaterials, causing more or less noticeable changes in 

their transport properties as a function of the defect 

concentrations, this study points to additional cautions 

during the controlled positioning of nanostructures in 

devices and the subsequent inspection of their integrity 

when high resolution analytical and imaging techniques, 

such as SEM, are used. 
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