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Abstract:
Characterizing the electrical properties of 

materials with features less than 10 nm requires 
the fabrication of electrode pairs with similarly 
sized interelectrode gaps. Several techniques for 
fabricating these types of electrodes have been 
reported, varying in complexity and reproducibility. 
In this work we present a simple technique for 
fabricating these structures involving focused 
ion beam (FIB) induced deposition of Pt. This 
technique can reproducibly create electrode pairs 
with interelectrode gaps in the range of 5 to 10 nm. 
Electrical measurements on completed electrode 
structures show good electrical isolation at room 
temperature with leakage currents of less than 1 nA 
at biases up to 1 V.

Introduction:
The fabrication of electrode pairs with interelectrode 

gaps ranging from 1 to 10 nm have been realized 
by several techniques including high resolution 
lithography [1], electrochemistry [2], physical vapor 
deposition [3], mechanical deformation [4], and 
electromigration [5]. However, the results obtained 
from these techniques are often irreproducible and 
the methods involved are frequently labor intensive. 
Numerous fabrication tools and a considerable amount 
of time are often required to complete a single testable 
structure. 

In this work we report on a simple focused ion 
beam (FIB)-based nanofabrication technique for 
defining electrode pairs with sub 10 nm interelectrode 
spacing. This technique also uses a Si-supported low 
stress Si3N4 membrane as the substrate to facilitate 
both fabrication and inspection using high resolution 
scanning electron and scanning transmission electron 
microscopy techniques. Using these methods, a testable 
device structure can be completed in less than 1 hour.

Experimental Procedure:
An outline of the fabrication process is shown in 

Figure 1. 60-nm-thick low stress Si3N4, membranes 
were created on <100> Si wafers using KOH etching 
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(Figure 1a). Completed membranes were placed into an 
FEI 611 FIB workstation. This tool uses a 25 keV Ga+ 

ion beam for imaging and patterning. A 60 pA beam 
current was used to mill a 15 µm long, 500 nm wide 
slit through the membrane (Figure 1b). FIB induced 
deposition of Pt from a methylcyclopentadienyl-
trimethyl-platinum precursor was used for writing the 
electrode structure, contact pads, and interconnects. 
A writing current of 40 pA was used to perform these 
depositions. 100 nm thick interconnects and 200 µm 
x 200 µm square probing pads were deposited first 
to avoid modifying the interelectrode gap. Next, the 
electrodes were deposited by writing perpendicular to 
the slit (Figure 1c). This resulted in a narrowing of the 
slit in the region of deposition, forming a nanoscale 
interelectrode gap (Figure 1d). The imaging resolution 
of the FIB used in this work was insufficient to obtain 
a direct measurement of the interelectrode gap. 
However, by characterizing the lateral deposition rate 
of the Pt across the slit and acquiring periodic images 
during deposition, the patterning was arrested when the 
desired interelectrode spacing was achieved. 

Results and Discussion:
Post-fabrication analysis of the process was 

performed using a high resolution SEM (Carl Zeiss 

Figure 1: Overview of the fabrication process. (a) Si3N4 
membranes are suspended by a Si substrate. (b) 500 nm 
wide slits are milled in the membrane. (c) Pt electrodes are 
deposited perpendicular to the slit. (d) Deposition is halted at 
the appropriate interelectrode spacing.
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SMT Ultra 55). A low magnification SEM image of 
a completed structure is shown in Figure 2. High 
magnification images of two completed electrode 
pairs are shown in Figure 3. Measurements of the 
interelectrode gaps were obtained from the image’s 
intensity profile in the interelectrode region. An 
example of a ~ 5 nm electrode pairs is shown in Fig. 3.

Electrical characterization of the electrode structures 
was performed using a probe station and Keithley 
Instruments 236 source measurement unit. Current-
voltage (I-V) data was obtained over a bias range of -1 
to 1 V in 40 mV steps. The I-V characteristics of two 
completed electrode pairs are shown in Figure 4a. The 
maximum current observed in this bias range was less 
than 1 nA for both structures. This result was in stark 
contrast to data obtained from structures where the 
Pt deposition formed a point contact between the two 

Figure 4: I-V measurements of (a) two electrically isolated 
electrode pairs, and (b) electrodes with a point contact.

Figure 2: Micrograph of a completed structure. The 
patterning order is indicated: (1) slit (2) interconnects (3) 
probing pads (4) electrodes. The bright area surrounding the 
electrodes is excess Pt from the deposition process, and is less 
than 5 nm thick.

Figure 3: Micrograph of a completed nanoelectrode pairs 
showing a 5 nm interelectrode gap.

electrodes. In these structures, currents of ~ 0.1 mA 
were routinely observed at biases of 1 V (Figure 4b). 

Conclusion:
This work presented a simple FIB-based technique 

for fabricating electrode pairs with interelectrode gaps 
of 5 to 10 nm. The observed I-V behavior indicates that 
the electrodes are electrically isolated from each other. 
This technique can produce a testable device in less 
than 1 hr using the instrumentation described by the 
authors. This fabrication technique provides a means to 
realize a useable set of nanoelectrodes in a rapid and 
reproducible manner. 
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