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Abstract— Fabrication of on-chip nanogap electrodes 

suitable for molecular electronics applications has long been 

interest and technological challenge to scientist. 

Electromigration is one of the most feasible means of making 

nanoscale metallic junctions between microscopically defined 

measurement pads. Lithographically defined thin Au wires 

with notch are the most common templates for feedback-

controlled electromigration which can form break junctions in 

the order of a few nanometers to 30 nm, depending on the 

material properties, DC ramp and environmental conditions. 

We proposed using striped Au nanowires with a tiny Ag 

segment in the middle at which current flow induced migration 

of atoms may create voids and eventually a gap during 

feedback-controlled DC ramping. 7 micrometer long 320 nm 

diameter Au-Ag-Au nanowires having only 30 nm long silver 

strip were synthesized using electrodeposition and aligned 

across lithographically defined electrode pairs vi AC 

dielectrophoresis. We used a feedback algorithm involving 

both Joule-heating related thermal runaway control and DC 

bias control until the quantum of conductance (12.9 kohm) is 

reached to warrant controlled breaking of the wire from the 

Au-Ag interface of the anode electrode. Local joule heating and 

electromigration controlled break junctions were characterized 

using SEM and I-V measurements, showing the short and gap 

readouts. 

Keywords—nanoelectronics, electromigration, nanowires, 

Dielecrohoresis, nanogap  

I. INTRODUCTION  

Fabrication of on-chip electrode pairs with precise 
controlled spacing at the nanometer scale is highly desirable 
in nanotechnology [1]. Although a variety of both top-down 
and bottom-up approaches have been proposed to prepare 
nanometer scale separated electrode accessible by 
macroscopic measurement devices, fabrication of low-cost, 
reproducible and scalable nanogap electrodes still remains a 
challenge for nano and molecular electronic. 
Electromigration offers a facile and cheap means of breaking 
metallic junctions down to atomic dimensions [2-4] since the 
Fermi wavelength of metal (in gold it is approximately 0.5 
nm [5]) lies in the order of the size of an atom. 

When current passes through a metal, momentum transfer 
takes place between the conducting electrons and diffusing 
metal atoms which are subjected to wind force. Hence, 
electromigration causes deposition of ions at the anode, 
while gap is formed at the cathode. Electromigration at low 
temperature (4.2 K) has been used to create nanogap 
structures at few nanometers, while feedback control 
algorithms can be used to make atomistic scale voids in 
metallic connectors [6]. 

In this paper, we present feedback controlled 
electromigration induced break junction of striped bimetallic 
Au-Ag-Au nanowires at room temperature. The reported 
structure was expected to break from the interstitial sites the 
wires using temperature and resistance feedback controlled 
electromigration. The gap formation at the quantum of 
conductance was characterized from I-V measurements and 
scanning electron micrographs. The low leakage of the I-V 
readouts suggest deployment of the so formed brak junctions 
in nanoelectronics. 

II. EXPERIMENTAL 

Optical lithography was used to fabricate 5 to 6 
micrometer separated electrode pair arrays (5x10 on each 
die) on p-type Si. A three layer fabrication approach was 
followed to apply AC bias from the bottom interdigitated 
metal layer. A capacitive coupling layer at two different 
thicknesses using SixNy was PECVD depositied in the 
middle and  the measurement electrodes were defined on the 
top. Bimetalic nanowires (Au-Ag-Au) synthesized 
galvanostatically inside a commercial alumina membrane 
with pore diameter of 200 nm. However the resultant 
nanowires was found to have 320 nm diameter and their 
length was controlled recording the charge passed to the 
cathode to make 6 to 7 micrometer long striped Au-Ag-Au 
nanowires with silver in the middle as small as 100 nm.  

AC electrophoresis was used to electrofluidically align 
nanowires across the electrode pairs under AC bias. On-chip 
microelectrodes were put under a semiautomatic probe 
station and AC bias was applied using a function generator 
whose signal was boosted by a house made circuit.  
Nanowires dispersed in ethanol were carefully poured on the 
chip while applying a sinusoidal signal of 47 Volt and 10 
kHz. Electric field assembly of the nanowires monitored 
under the microscope and the number of single nanowires 
alignment across the electrode fingers were determined. The 
technique was found to have up to %80 percent alignment 
yield. 

Each microelectrode pair bridged by a single Au-Ag-Au 
nanowire was used to create gaps using electromigration at 
room temperature. First direct DC ramp with no control 
algorithm was applied using a DC source to break the 
nanowires. Although nanowires were broken at the critical 
current as low as 4.5 mAmp, the gap was in the order of few 
hundreds of nanometer. Then, joule heating and resistance 
monitored feedback controlled electromigration was used to 
form break junctions at nanometer scales. I-V measurements 
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before and after electromigration were made using a 
semiconductor parameter analyzer or an electrometer. 

III. RESULTS 

A fraction of microfabricated electrode pairs and an 
electrode pair with 6-micrometer separation was illustrated 
on the top of Fig. 1. Optical images of Au-Ag-Au nanowires 
when they are dispersed on Si and a nanowires aligned 
across the electrodes were shown on the bottom side of Fig. 
1. 

 

 

 

 

 

 

 

 

 
 

Fig. 1. Microfabricated electrode pairs (3x3 of 5x10 array) 

on top left, an individual electrode pair on top right. Optical 

image of surface dispersed Au-Ag-Au nanowires on bottom 

left and an electrofluidically aligned nanowire across an 

electrode pair on bottom right. 
 

Fig. 1 shows an individual Au-Ag-Au nanowire 

aligned between the fingers of an electrode pair. AC field 

exerts dielectrophoretic force on the nanowires which direct 

them towards the highest electric field regions if nanowires 

are more polarizable than the dispersion medium [7]. Since 

Ag is prone to degradation in air, we noticed time dependent 

deformation in the silver strip of the wire. When the 

nanowires is fresh, we found the nanowires ohmic, giving 

resistance values between 15 to 50 ohms. However, when 

degradation takes place the wires exhibits nonlinear I-V 

behavior.  

 

Bimetalic nanowires bridging the measurement 

electrode pairs were then used to create nanosized break 

junctions using room temperature electromigration. A DC 

ramp with a constant increase lead to break of the wire, but 

the gaps found to have irregular shapes and varying 

separations in the few hundreds of nanometer (Fig. 2). This 

uncontrolled means of electromigration produces either 

breaks the aligned nanowires, which are in good ohmic 

contact with the measurement electrodes, from the mid- 

point yielding a large separation with a  fused end (top 

image) or indefinite break points with smaller gaps, 

disrupting the wire integrity (bottom image).  I-V data of 

uncontrolled DC ramping suggests wires can be broken at 

the critical current values between 30 and 35 mA (Fig. 2).  

However the break current changes with rest to degradation 

of the Ag strip of the nanowire. If electromigration of 

nanowires is performed not immediately after alignment, the 

break current changes dramatically due to the oxidation 

related degradation of the silver segment. In this situation, 

nanowire break junctions was formed at currents as low as 4 

mA. Once nanowires were broken, I-V measurements were 

observed open. 
 Electromigration with no Feedback Control 

 

 

 
 

 

 

 
 

 
Figure 2. Room temperature electromigration of nanowires 

at different break currents. SEM micrographs of two 
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different nanowires broken at different locations and their I-

V responses during (top) and after electromigration.  

As shown in Fig. 2 room temperature 

electromigration of the bimetallic nanowires can be broken 

at the intersection of Ag-Au or broken at a defect point 

along a random spot. In addition, the size of the 

electromigration-induced gap was not found small enough 

for nanoelectronic or molecular electronic applications. 

Therefore, we developed a feedback-controlled 

electromigration using the algorithm developed by Motto et 

al. [8]. This adapted feedback controlled electromigration 

uses a temperature control for avoiding the thermal runaway 

and a control over the resistance difference between the 

initial resistance and the consecutive resistance readings to 

not permit (R - R0)/R0 >0.02. Fig. 3 shows the I-V response 

of a nanowire suspended across the measurement electrodes 

during feedback controlled electromigration break junction.  

 

 
 

 

 
 

 

 

 

Fig. 3. SEM micrograph of a bimetallic nanowire suspended 
over the electrodes and its I-V behavior during feedback 
controlled electromigration along with the change in its 
resistance at each DC step. 

 

 Fig 3 shows a bimetalic nanoparticle over the top 
electrodes. A small Ag segment deposited in the middle of 
the wire is clearly distinguishable, which has already started 
to degrade. It was observed that feedback controlled 
electromigration causes to beak near 7 mA and the current 
flowing through the wire instantaneously drops to a few mA. 
It seems current is still carried through weak channels in the 
wire and break totally after 0.64 volt. The corresponding 
resistance changes at DC steps were also provided in Fig. 3. 

 Feedback controlled break junctions created in the 
bimetallic nanowires were illustrated in Fig. 4. 

 

Before Electromigration 

 

After Electromigration 

 

 

Fig. 4. Feedback controlled electromigration induced break 
junction formation in bimetallic nanowires and their I-V 
behavior before and after electromigration. 
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Fig. 4 shows formation of feedback controlled 
electromigration-induced break junction formation at two 
different bimetallic nanowires. It was shown that break 
junctions formed in the Ag stripe upon controlled step 
increase of DC bias. The nanowires suspended over gold 
pads shows ohmic response before the feedback controlled 
electromigration and yields open circuit after with leakage 
noise in the picoamp level after formation of the atomistic 
scale break junctions.  

IV. CONCLUSION 

We have developed a feedback-controlled 

electromigration to create atomistic scale break junctions in 

bimetalic nanowires. The technique offers technological 

advantages over the current electromigration approaches, 

which are performed either at low temperature or created 

across metallic connectors with micrometer size width. The 

proposed technique creates nanometer size gaps with low 

leakage current and can readily be deployed to molecular 

electronic applications of electrical characterization of 

molecular recognition. We believe decreasing the size of the 

Ag strip in the wire will help more clear gaps without 

suffering from further silver degradation that may affect the 

I-V behavior of the junction. 
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