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The electromigration process in Pt nanobridges was investigated by in situ transmission electron 
microscopy (TEM), using a FEI Titan operating at 300 keV. A special sample holder, built in-house, 
has 8 contacts for performing electrical measurements. The combination of in situ TEM with the 
special holder allows to record real time movies of the morphology transformations at the nanoscale 
during passage of electrical current. 

Electromigration is a mass transport phenomenon in a material under the influence of an applied 
electric field. This process requires that the atoms can overcome the potential crystal lattice barrier 
(it should be more than the electromigration activation energy). The electromigration force is 
assumed to be a sum of two terms: the electrostatic (direct) force and the electron-wind force. The 
wind force is corresponded to the momentum transfer from the current carriers (electrons or holes) 
to atoms in a scattering process. This can be grain-boundary scattering, surface scattering or 
phonon scattering [1]. 

In our experiments we focused on the electromigration in Pt films because using this material it is 
possible to produce more stable electrodes in comparison with, for example, gold [2]. These 
nanogaps can be used for the determination of electronic properties of molecules or particles. In 
reference [3] we have shown different gap formations in Pt wires using feedback-controlled versus 
noncontrolled electromigration, as well as by self-breaking. In the work reported here we investigate 
the influence of different geometry of Pt nanobridges on morphology changes under direct current 
annealing. The goal of this work is to understand the effect of local current density on the evolution 
in shape and grain sizes. 

Pt nanobridges (thickness is 15 nm) were produced on 100 nm thick silicon nitride membrane 
using electron beam lithography. All details of sample fabrication are given in reference [4].  We 
investigated bridges with different geometries: the aspect ratio between the length and the width of 
the bridge was varied (5:1, 5:2, 2:1); also the angles between Pt contacts and bridges were varied 
(0˚, 30 ˚, 45 ˚, 60 ˚). The total resistance of investigated structures (including the resistance of 
contact pads and leads) before applying an electric current was between 100 and 300 Ohm. The in-
situ TEM experiments were carried out at room and liquid nitrogen temperatures. Changes in bridge 
morphologies were recorded with a uniform increase of the voltage from 0 V to a maximum value 
450 – 600 mV (this is defined in each separate experiment), next a decrease to a minimal value      
(-450 – (-600) mV) and followed by an increase to 0 V. If the bridge was not broken after the one 
loop, next loops were applied whereby with increased maximum voltage. 

In Fig.1, 2 the typical shapes of the bridges after current annealing are presented (initially the 
cathode side is on the right). Grain growth starts in the bridges at approximately 450 mV. Voids are 
always formed near the cathode side, and if we continue to increase the current, the bridges will 
break on that side. In the left picture in Fig.1 voids are formed on the left side of the bridge because 
that image was taken under the condition of reversed polarity (minus corresponds to the left) due to 
a negative voltage in a loop mode. Material displacement occurs mainly on a cathode pad, and Pt 
flows in a direction opposite to the electron flow. If we change the current, the formed voids will be 
filled. Interestingly, the grain growth depends on the shape of the bridge. For narrow bridges (Fig. 1) 
big grains are formed mainly in the bridge and a little bit on a cathode side pad). For wide bridges 
(Fig. 2) the area of grains formation is widely spread over the contacts. We assume that this 
difference is connected with non-equal conditions for electron scattering in the proximity of the 
bridge [5]. 
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Figure 1. Pt nanobridges (aspect ratio 5:1) with different angles between contact pads and bridges (45˚ - left 
image, 0˚ - right image) after direct current annealing 

 
 

Figure 2. Pt nanobridges (aspect ratio 2:1) with different angles between contact pads and bridges (60˚ - left 
image, 0˚ - right image) after direct current annealing 


