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Abstract: Effect of electro migration on crystal structures of platinum nanowire (Nano bridge) during Nano-gap
formation is investigated by means of Transmission Electron Microscopy (TEM). Selected area diffraction patterns as
well as bright field images are used for this investigation. There were severely recessions in the polycrystalline Nano
bridge and crystal structures around the nanogap changed completely during electro migration. Due to Joule heating,
original small crystal with random orientation disappeared and newly crystals with a preferred orientation grew. They
have [111] orientations (respect to beam direction) with slight misorientations. a. and 6 was defined to calculate the
misorientation and used to represent Nano-gap formation mechanism. The calculation gives the breaking of Nano
bridge occurred along grain boundaries in most of Nano bridges. The controlling system during eletromigration may
affect on the shapes of tips so that the shape of tips in Nano bridges, in which feedback control is applied, is more
symmetric than others. The effect of temperature on atomic diffusivity might be the reason of the behaviour. {422}
could be a preferred surface plane for mass transport in platinum Nano bridge in which atoms move along it.
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1. INTRODUCTION

An electrode is an electrical conductor used to
make contact with a part of a circuit.
Nanoelectrodes are tiny electrodes made of
metals or semiconducting materials, the length
scale of interest is in the range of 1-100 nm.
Nanoelectrode could be made of CNTs [1,2],
using different techniques including electron-
beam-induced deposition (EBID) [3], electro
deposition [4] di-electrophoresis technique [5]
and electro migration [6]. Electro migration is
one of the simple and inexpensive ways for
nanoelectrode fabrication. It is considered to be
gradual displacement of metal atoms of a
conductor as a result of applied electric field.
This effect is generally the main reliability issue
in electronic industries which can trigger system
failure. Recently, electro migration has been
used as a tool for nanoelectrodes fabrication
[7,8]; In fact, this failure mode could be exploited
advantageously to break nanowires in a
controllable and self-limiting fashion. Since the
resolution limit for electron-beam lithography is
roughly a few nanometres, it is difficult to
fabricate Nano gaps below 3—4 nm precisely with

a significant yield [9]. Therefore the best pairs of
electrodes with nanometer nanogap are achieved
through electro migrating. Recently many Nano
gaps have been made by electro migrating
platinum bridges [10]. The main challenge in this
way is to control the fabrication process of
nanoelectrodes. One of the motivations for
development of Nano electrodes has been to
fabricate electrodes with well defined shape. This
subject is still in its infancy stage and needs more
investigations on different parameters to
determine shape of electrodes. By now few
investigations have been done on the tip shape in
fabrication of nanoelectrodes using electro
migration, while it is a very important point in
this field. Various investigations show critical
role of structural factor in electro migration [11],
so it is important to study parameters affecting
electrodes’ tips shape. Fabrication of electrodes
with defined shapes is necessary if they are
supposed to be used in characterization of
specimens with specific shapes and size.

In current study, a few parameters which may
affect tip shape are investigated. Crystal
orientations of grains on apex of nanoelectrode as
well as structural changes of Nano bridge after
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electro migration are studied. Then preferred
orientation in grains at electromigrated
nanoelectrodes is determined and bridge
breaking mechanism is discussed. The effect of
electro migration controlling system on tip shape
is investigated. Finally, a set of preferred surface
planes for mass transport in platinum is
introduced.

2. EXPERIMENTAL PROCEDURE
2. 1. Specimen and Instruments

Transmission electron microscope (TEM)
CM30UT-FEG and Monochromated Tecnai, at
Delft University of Technology were used in this
project.

The sample is 12 platinum bridges
(Nanowires) located on silicon nitride membrane.
The bridges (200 nm width 300 nm length 15 nm

thick) had been fabricated by lithography. The
chip composed of Aluminium oxide as substrate
and a thin film of silicon nitride (Si;N,) is used
beneath platinum bridges. Fig. 1 shows
schematic photo of the chip with Pt bridges (side
view) and Fig. 2 is a real image of chip centre and
an electromigrated bridge. By applying voltage
on the chip, the bridges were opened due to
electro migration and 24 pairs of nanoelectrodes
formed on chip. Two different methods had been
used for controlling electro migration process:
feedback control and bias ramping. Table 1 gives
the controlling systems applied on the bridges
during electro migration. For bridges numbered 2
to 7 and 23 to 28 feedback control, for numbers 9
to14 bias ramping and for bridge numbered 16 to
21 firstly bias ramping and then feedback control
were applied. The aim of this wotk is to
investigate effect of these methods on the shape
of electrodes. Bias ramping is a passive control

Table 1. The controlling systems applied for bridges during electro migration

Bridge numbers Controlling system
2-7 feedback control
9-14 bias ramping
16 -21 bias ramping + feedback control
23-28 feedback control

Si3N4

0.8mm

Fig. 1. Scheme of the chip with Pt bridges (Side view)
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Fig. 2. A real image of chip centre where the bridges are located (left), bridge after electro migration (right)

process in which applied voltage is not regulated
to real time conductance over the bridge. In
feedback control, a voltage ramp (100 mV/s) is
applied to the bridge while the current is
measured for every point. In fact the conductance
over the bridge is monitored so the bias across the
bridge is adjusted.

2. 2. Methods

Before discussing about the method, it is
necessary to define some expressions which will
be used frequently in this paper. Bridge direction:
Fig. 3A shows schematic image of a bridge
before electro migration with the arrow giving
bridge direction. Electrode-electrode direction:
Fig. 3B represents schematic image of a bridge
(or Nano electrode) after electro migration. There
are two sharp points indicating the
nanoelecrodes. The arrow connecting them to
each other is electrode-electrode direction: this
arrow passes through the middle of each tip. Fig.
3C shows the image of both bridge and electrodes
in the same place. Regions of interest are labelled
by numbers. The crystal orientation at the apex of
electrodes (regions 1 and 2 in Fig. 3C) will be
distinguished. Then electrode—electrode direction
(the arrow labelled 4 in Fig. 3C) will be studied.
The sharp edges of the tips (edges labelled 5 and
6 in Fig. 3C) will be correlated to the
crystallographic orientation by calibration of the
images.

wondIp %pug
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Fig. 3 A) schematic image of bridge, the arrow represents
bridge direction; B) schematic image of an electrode, the
arrow represents electrode-electrode direction; C)
schematic image of both bridge (before electro migration)
and electrodes at the same place. Regions of interested,
used for this investigation, are labelled by numbers. At the
right, two axis, x and y, are shown. z axis is normal to the
Xy plane.
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2. 3. Calibration

Bridge direction is one of the image features
used as a reference for calibration of diffraction
patterns. To determine bridge direction in
diffraction patterns, the following technique has
been used. First of all, in TEM diffraction mode,
electron beam was defocused on bridge to
observe the apex on beam centre (Fig. 4A). Then,
beam was focused on the specimen to reach
diffraction pattern of tip, in which shape of the tip
is observable in the beam center and reflections
as well. Fig. 4B shows diffraction pattern from
single crystalline tip in which tip image is
detectable. The circle shows the tip in 220
reflection. The tip’s image is in the center of
diffraction pattern, but it is so pale that is not
observable in Fig. 4B. The tip shows the bridge
direction on diffraction pattern (the arrow in Fig.
4B). In old TEM (not FEG), calibration between
direct image and diffraction pattern is
straightforward and diffraction pattern and direct
image can be correlated for a given camera
length. In the case of FEG, camera length allows

only for a rough correlation, because the defocus
of the beam on the sample can be compensated
by the diffraction lens. So the image is rotated
once the beam is focused. To find correct bridge
direction on diffraction pattern, it is necessary to
calculate the value of rotation (®). So, after
taking Fig. 4B, the beam was focused more and a
diffraction pattern without tip image was taken (a
full diffraction pattern) which is shown in Fig 5.
Due to image rotation, reflections in Fig. 5 are
not the same as those in Fig 4. In Fig 5, the dotted
line shows (220) direction before focusing and
the bold one is (220) direction after focusing. The
angle between these lines, ®, gives amount of
rotation during focusing (rotating angle). The
angle was added to the bridge direction came
from the image taken before focusing to find the
bridge direction in full diffraction pattern:

Bridge direction in Fig. 4B + rotating angle
(®) = bridge direction in full diffraction pattern

Among all surface planes, probably a set of
planes may have lowest energy for mass

Fig. 4 A) observation of electrode tip at beam centre in diffraction mode by defocusing, B) observation of diffraction pattern
from single crystalline tip in which tip image is detectable. The circle shows the tip in 220 reflection. The arrow shows tip
direction
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Fig. 5. Diffraction pattern from single grain at electrode
apex. This image was taken by more focusing in Fig. 4B.
The dotted line

transport. In fact, this surface plane has the least
electro migration resistance. In order to find the
surface, two images were compared (by
calibration): bright field image (Fig. 6A) and
diffraction pattern (Fig. 6B). Diffraction pattern
taken from a grain at the electrode tip was
overlaid on corresponding bright field image.
Since the bridge direction on bright field image
and diffraction pattern is known, the diffraction
pattern on bright field image, was rotated to
overlap the two directions (Fig. 6C). By such a
calibration, it is possible to study the edges of the
tip using diffraction pattern.

To analyze crystal orientations (with respect to
beam direction) and study correlation between
crystal orientations in the tip of nanoelectrode
and its shape, three angles have to be determined:
a, B, 6.

a is the angle between bridge direction and 220
reflection in the crystal diffraction pattern of the
electrode tip. If we take x,y and z as three axis in
space (in which each axis is normal to other axes
and z is parallel to the beam direction, Fig 3C), a
gives the position of the crystal in xy plane with
respect to bridge direction. There are two values

A
®
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Fig. 6 A) schematic picture of bright field image of
electrode; B) schematic image of diffraction pattern taken
from a grain in apex of electrode while bridge direction is

known on the patern; C) Overlaying bright field image and
corresponding diffraction pattern to find low energy
surface plane

for a for each Nano bridge (a pair of
nanoelectrodes): o, o, .

B is the angle between "bridge direction" and
"electrode-electrode direction" for each bridge.
There is just one value for  in a Nano bridge.

0 gives the misorientation from an exact zone
axis with respect to beam direction in a crystal.
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To calculate 0, the location of the Laue circle is
used:

tan6’=§ (1)

Where r and / are the radius of the ring of bright
spots measured on the negative of the diffraction
pattern and the camera length, respectively.

Laue circle is the intersection of the zero order
Laue plane with the Ewald sphere. Tilting the
crystal slightly away from an exact zone axis
with respect to the incident electron beam will
make the diffraction spots different in intensity
from those in the exact zone. The ring of brighter
spots formed in the diffraction pattern, is Laue
circle. The angle of the misorientation, 6 can be
calculated from Eq.1

Like o, there are two values for 6 in a Nano
bridges: 6,, 0,

3. RESULT AND DISCUSSION
3. 1. Crystal Orientations in Nanoelectrodes

First, crystal dimensions and orientations in
the bridges before electro migration are studied.
Fig. 7 gives the bright field TEM image of a part
of electromigrated chip. In Fig. 7, A and B are
two different sections of base (The "base" is all
parts of sample except the bridge) and C is the
electromigrated bridge (a pair of nanoelectrodes).
B is an area on the "base" which is more than 500
nm far from the nanogap. Grain sizes in region B
are bigger than those in region A. It implies that
the region of the base close to the bridge was
influenced by electro migration and grains
growth has occured, while region A is apparently
intact and grain sizes and crystal orientation are
the same as those of the bridge before electro
migration. In fact, electrical field has changed the

Fig. 7. The bright field TEM image of a Nano bridge after elecromigration. A, B and C show three regions with different
grain sizes.
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grain sizes and orientations in the bridges as well
as region B, whereas region A has remained
intact (or the change is low and might not be
detectable). The main reason for this
phenomenon is heating caused by current density.
In fact, increasing of local temperature as a result
of high current density, leads to recrystallization
and therfore original small grains are replaced by
new big ones. The dimensions of the bridge are
not comparable to those of base (bridge
dimensions: 200 nm width 300 length 15 thick,
base dimensions: 2 um width 3 um length 15 nm
thick) and so current density in the bridge is
much higher than that in the base. As a result, the
current density in the base is not be strong
enough to alter the base dramatically; however
there are an observable changes in region B in the
base. Heat transferring from the bridge to the
base is the cause of these changings. Since region
A is far from the bridge, it could not be heated by
the current. Therefore, the region A can be
employed for studying grain sizes and crystal
orientations of the bridge before electro
migration.

As long as the current density is above a
threshold level, electro migration takes place
[12]. The current density heats up the metal
locally and the heat increases atomic
diffusivities, resulting in mass transport [13,14].
If the current density is below the level, the
atomic diffusivity is not strong enough and
compressive stress hinders atomic transportation
[15]. The origin of this stress is chemical bonds
among atoms. In the bridge, current density is
above the threshold level and electro migration
takes place. So there are severe changes in crystal
orientation.

Fig. 8 represents selected area electron
diffraction patterns (DP) from region A, B and C
of Fig. 7. The diffraction pattern of region A
contains many rings indicating that the region has
a polycrystalline structure. The position of the
rings shows random orientation of the grains. So,
the bridge could have such grain sizes and
orientations before electro migration (small
grains with random orientations). In the case of
region B, such rings are recognized,
demonstrating that the region B has
polycrystalline structure too. But the position of

Region C

Fig. 8. Selected area electron diffraction patterns (DP)
taken from region A, B, C in Fig. 7 shows 220 direction on
Fig.4B and the bold line is 220 direction in this image (full

diffraction pattern). f is angle between these lines
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the rings shows preferred orientation in this area.
The rings belonged to (220), (311), (420), (422),
(440) and (624) planes are observable in the
figure. Since these reflections belong to crystals
with [111] orientations with respect to beam
direction, the crystal orientations in region B
could be [111]. Thus recrystallization took place
in region B and there are perceivable changes on
the base around the bridge (region B). It is the
neighborhood effect of the bridge on the base in
which the heat of bridge has been transferred to
the base and recrystallization took place.
Consequently, before electro migration the bridge
has small grains with random orientation. Once
an electrical field is applied and the voltage
passes a threshold (minimum current density for
heating and increasing diffusivity for starting
electro migration), some grains grow in the
bridge while others are disappeared. In fact, grain
coarsening occurs during electro migration in the
bridge as well as the base near the bridge (region
B in Fig.7). Such grain growth have been
reported by other researchers [16,17]

Now, question is which grains grow during
electro migration and what are their crystal
orientations? To answer the question, three pairs
of electrodes were taken and diffraction pattern
of the grains in the electrodes were taken by
TEM. Fig9 represents the three pairs of
electrodes. Many voids are observed in these
images. Voids (vacancy crystals) are formed
during electro migration and this phenomenon
has been reported previously [18,19]. Selected
area diffraction pattern from labeled grains were
taken. They revealed that all grains have [111]
orientations with respect to beam direction;
However it is not exactly [111] and actually there
is a misorientation observed in all grains (further,
it will be discussed). In Fig. 8, region C
represents diffraction pattern from the grain
labeled "1" in Fig. 9b and shows that crystal
orientation in the bridge is close to [111]. The
fade Kikuchi lines are observed in the diffraction
pattern showing the zone axis. Joule heating
raises temperature of the bridge and as a result
recrystallization  happens  during  electro
migration. Origin of the joule heating is high
current density in the bridge due to its low area
compared to the base. Since crystals with [111]

Fig. 9. The bright field (BF) TEM images taken from three
pairs of nanoelectrodes. The arrows represent the original
place of bridges before electro migration. Diffraction
pattern of labeled grains have been taken to analysis crystal
orientation of bridge after electro migration.
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orientation have relatively low surface energy
[20], new crystals form with [111] orientations.
In fact, to minimize surface area, interface
energies of the new crystals grow with [111]
orientations. This finding fits with previous
studies indicating that there is close correlation
between stronger <111> texture and more EM
resistance. wires containing more <111> textures
exhibit better resistance to electro migration,
therefore <111> texture is the strongest texture
against electro migration [21,22 ]. In other words,
the time to failure of <111> texture is longer than
that of other textures so that they are desirable for
longer electro migration lifetime. The arrows in
Fig. 9A and 9B reveal the original place of
bridges before electro migration. There could be
seen recessions in the bridge and base. In the case

of the base, joule heating (comes from the bridge
to the base) could be the main cause of grain
coarsening as well as the recession. As mentioned
before, the joule heating is transferred from
bridge to the base near the bridge. So, the heating
triggers grain coarsening, leading to these
recessions in the edges of the base.

3. 2. Misorientation and Tip Shape

Table 2 gives a, 6, B for all bridges. o, and 6,
are misorientation angles for the first electrode
and o,and 0, are these angles for the second one
in a pair of nanoelectrodes. Minus sign for a
means the angle between [220] direction in
crystal at tip of electrode and bridge direction is
counter-clockwise (where zero is bridge

Table 2. Value of a1, 02, 81, 62 and P for all bridges

al 01 a2 02 B al 01 a2 02 B
Bridge 2 15 189 | -285 | 4,02 8 Bridge 16 15 3,85 5 2,72 3
Bridge 3 26,5 3,07 37 1,94 5 Bridge 17 2 253 | 30 | 1,75 3
Bridge 4 27 235 85 | 336 14 Bridge 18 225 294 | -195 | 22 4
Bridge 5 15 225 | -175 | 3,07 3 Bridge 19 185 | 326 | -36 | 28 -6
Bridge 6 135 35 135 | 44 13 Bridge 20 145 3,19 | 405 | 1,51 7
Bridge 7 175 | 285 | 225 | 3,31 3 Bridge 21 28 389 | 305 | 3,12 | 35
Bridge 9 185 | 271 385 | 2,19 -10 Bridge 23 9 2,68 | -15 | 2,59 2
Bridge 10 485 325 | 295 | 251 1 Bridge 24 35 497 | -125 | 423 | 18
Bridge 11 8,5 2,28 17,5 | 2,83 22 Bridge 25 185 34 | 355 | 34 0
Bridge 12 135 | 228 35 | 283 2 Bridge 26 215 | 301 | 85 | 285 | -15
Bridge 13 22 3,44 95 | 2,93 4 Bridge 27 235 344 | 195 | 3,69 | -105
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direction), while plus sign denotes the angle is
clockwise. Minus sign for B show that the angle
between electrode — electrode direction and
bridge direction is counter-clockwise where zero
is bridge direction.

As discussed early, the crystal orientation for
the crystals in bridges is about [111] with respect
to beam direction. The misorientations (0) from
[111] (with respect to beam direction) are
between 1.5 and 5 degrees (Table 2). The average
misorientations are 2.7 and 3.1 for 6, and 6,
respectively. The orientation of crystals in the
bridge is close to [111].

B is different from bridge to bridge where in
eleven bridges the angle is counter-clockwise and
in twelve, it is clockwise. There is a bridge with
=0. The average angles for  are 5 and -8.8
degrees. B is minus for about half of the bridges
in which the controlling system is feedback
control. For those with bias ramping, roughly in
half of bridges B is minus. So the controlling
system does not effect on the electrode —
electrode direction in the bridges.

o, and a, are the same only for bridge number
6 and for the rest of the bridges, they have
different values. When o, and o, value are not
the same in a pair of electrodes, it demonstrates
that breaking of Nano bridge taken place along a
grain boundary, because there are two different
grains on the tips are. If a; and o, have the same
value, there are two possibilities:

1- 6, and 6,, have the same value; it implies
that the grains on both tips could be identical and
breaking has happen in a single grain in the
bridge. In other words, at the late stage of electro
migration, atomic movements was not
responsible for nanogap formation in the bridge
and a single grain was physically broken into two
pieces (one part is the first electrode and the other
part is second) therefore misorientations are
equal. Keep in mind that if 0, and 6, was the
same, the direction of misorientation must be
determined, because they might have the same
value but different directions. In this case the
origins of grains are not the same.

2- 0, and 0, do not have the same value, it
denotes that the grains in both tip are two

10

completely different grains.

In the case of bridge number 6, 6, and 0, are
3.5 and 4.4, respectively. While o, and a, have
the same values, the misorientations are different.
So the grains may not be same and breaking of
bridge probably took place along a grain
boundary. Since the difference between 6, and 6,
is small (0.9 degree), there is another possibility.
The grain may be same and the origin of such
small misorientation could be the grain tilting
(occurred during breaking). Consequently, the
breaking of Nano bridge has occurred along grain
boundaries in most of bridges.

3. 3. Effect of Controlling System on Tip Shapes

Tip shape in the bridges in which feed back
control was applied was more symmetric than
others. The reason might be related to the
temperature. When bias ramping is applied, the
local temperature in a bridge is higher than the
case in which feedback control is applied. That is
because of passive control and also constant
voltage ascending in bias ramping. As a result,
current density and temperature increase over the
time. On the other hand in feedback control there
is an active control in which voltage does not rise
continuously. Thus in feedback control current
density and temperature are lower than that of
bias ramping. Activation energy and atomic
diffusivity could be main parameters to
determine electro migration mechanism [23, 24].
This means that these parameters determine
which trajectory is the most favorite pathway for
electro migration. Activation energy for surface
electro migration in some metals such as Al [23]
and bamboo-like structure of Cu[25,26] is lower
than that of other pathways. There is not similare
information for platinum. Hu et al [25] reported
that in polycrystalline films a mixture of surface
and grain boundary would be preferred paths.

The following equations show the correlation
between diffusivity and temperature:

T
D, =O.3exp(—17.8R—'"T) (2)
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T
D, =0.014exp(—13 = (3)
s p( RT)

Where Dy, and D; are grain boundary diffusivity
and surface diffusivity respectively and T, is the
melting point. When temperature increases, the
value of diffusivity goes up, but the grain
boundary diffusivity rises faster than surface
diffusivity. Since electro migration activation
energy for platinum is unknown, it is not easy to
predict its mechanism. Nanoelectrodes made by
feedback control have more symmetric apex than
others. If electro migration in the bridge occurs
through surface diffusion, the speed and amount
of atomic motions would be similar in both edges
of the bridge and more symmetric tip shape is
expected. On the other hand in feedback control
system, bridge temperature is lower than bias
ramping. Therefore in low temperature and
feedback control system surface diffusion might
be dominant pathway and its activation energy
determines the mechanism. With temperature
increase, the value of grain boundary diffusivity
increases more rapidly than that of surface
diffusivity. Since the tip shapes are asymmetric in
these cases, grain boundary diffusion might be
predominant way for electro migration. So values
of diffusivities, and not activation energy
determine the mechanism.

3. 4. Low Energy Surface Plane

If surface diffusion was the dominating
pathway for some bridges, there might be surface
plane with lowest energy along which atomic
movements mainly happen. The surface plane is
easiest direction for mass transport during electro
migration which may affect the tip shape. Such
planes have been seen previously in metals. The
lowest energy face in copper lines at room
temperature has been reported [27]. Assuming
that there is such a low energy surface planes in
the platinum Nano bridges, it is expected to
observe the planes on the tips (after electro
migration). In fact atoms must move along the
surface plane during electro migration and so, it
is expected a recession along the surface planes

in Nano bridges. After nanogap formation, these
surface planes could be detected in the tip of the
electrode from its edges. The bright field TEM
image and diffraction pattern can be exploited to
find the surface planes. The results demonstrate
the presence of at least one {422} surface plane
in each electrode. It infers that {422} are the
surface planes with lowest energy for electro
migration in platinum. Low energy of {422}
surface planes might be related to resistivity of
platinum. Previously it has been discovered that
one direction has the least resistivity among
others during electro migration in face-center-
cubic (fcc) crystals [28]. Electrons in the different
surfaces of platinum have many routes to pass;
each surface can be a way for electrons, but the
electrons choose the surface having low
resistivity. {422} surface planes might have
lowest resistivity among all planes.

4. CONCLUSION

Platinum Nano bridges have a polycrystalline
structure before electro migration. The crystals
have small size with random orientations (with
respect to beam direction). During electro
migration, there were severe recessions in the
polycrystalline Nano bridge and crystal
structures around nanogap changed completely.
Original grains disappear and new grains grow;
voids were formed in those areas where grain
growth occurred.

In fact, the original platinum grains are
replaced by a new set of grains that grow until the
original grains are entirely consumed. The newly
grown crystals have [111] orientations with slight
misorientations. When the width of a bridge
reaches a few nanometers during electro
migration, there are two possible ways for
breaking of the bridge: a single grain breaks
physically into parts or breaking occurs along
grains boundaries. This study showed that the
breaking of bridge predominantly takes place
along grains boundaries

Since the high current density is the main
reason for grains growth, it is expected to be no
conciderable change in the base of the sample
because of very low current density in this area
compared to the bridge. However, there was an
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observable change in the crystal size of the base
near the bridge which must be due to heat transfer
from the bridge to this region. Therefore,
recrystallization takes place in the base near the
bridge and new crystals have [111] orientations.
On the other hand, the base far from the bridge
remains intact during electro migration because
bridge can not heat up the region (it is a heat
sink). So, its crystal sizes and orientations are the
same as that of fabricated platinum before electro
migration.

Local temperature effects on atomic diffusivity
and determines electro migration mechanism.
Surface or grain boundary diffusion could be
main pathways for electro migration. In low
temperature surface diffusion and in high
temperature, grain boundary diffusion could be
the main pathway for electro migration. There is
a preferred surface plane for mass transport in
platinum along which atoms move along it.
{422} were observed as preferred surface planes
in the edge of the tips.

The shapes of the tips might be influenced by
electro migration controlling system. If feedback
control is applied, the shapes of the tips in
bridges would be more symmetric than bridges
made by bias ramping. The effect of temperature
on surface and grain boundary diffusivity is the
reason of this behavior. At high local
temperature, grain boundary diffusivity is
predominant way for electro migration and shape
of the electrodes will be dependent on grain
boundary, whereas in low local temperature
surface diffusion occurs in the bridge makeing
electrodes with more symmetric shape.

REFERENCE

1. Tu, Y., Lin, Y., Yantasee,W., Zhifeng Re,
“Carbon Nanotubes Based Nanoelectrode
Arrays: Fabrication, Evaluation”, and
Application in  Voltammetric =~ Analysis,
Electroanal 2005, 17, No. 1

2. Compton, Richard G., Wildgoose, Gregory,
Rees, Neil V., Streeter, Ian and Baron, Ronan,
“Design, fabrication, characterisation and
application of nanoelectrode arrays”, Chem
Phys Lett, 2008,459 (1-6). pp. 1-17.

3. Wei, D, Liu, Y., Cao, L., Wang, Y., Zhang, H.,

12

10.

11.

124

13.

Yu, G., “Real Time and in Situ Control of the
Gap Size of Nanoelectrodes for Molecular
Devices”, Nano Lett., 2008, 8 (6), pp 1625—
1630

Velmurugan, J., Mirkin, M. V., “Fabrication of
Nanoelectrodes and Metal Clusters by Electro
deposition”, Electrochem., 2010 Volume 11,
Issue 13, 3011-3017

Cheon, D., Kumar, S., Kim, G., “Fabricating
gold Nano bridges between gold nanoelectrodes
using  dielectrophoresis  technique”, Ieee
Conference On Nanotechnology. Proceedings
261-263, 2009,Genoa, July

Umeno, A., Hirakawaa, K., “Spectroscopic
analysis of electro migration at gold
nanojunctions”, Physica E: Low-dimensional
systems and nanostructures, 2010, vol. 42,
2826-2829.

Hadeed, F., Durkan, C., “Controlled fabrication
of 1-2 nm nanogaps by electro migration in
gold and gold-palladium nanowires”, 2007
Appl. phys. let., 91, 123120

Mahapatro, A., Ghosh, S., Janes, D,
“Nanometer scale electrode  separation
(nanogap) using electro migration at room
temperature”, IEEE T Nanotechnol, 2006, vol.
5,n0.3

Saifullah, M., Ondarcuhu, T., Koltsov, D.,
Joachim, C., Welland, M., “A reliable scheme
for fabricating sub-5 nm co-planar junctions for
single-molecule electronics”, Nanotechnology,
2002, 13 659662

Dorn, A., Huang, H., Bawendi, M,
Electroluminescence from Nanocrystals in an
Electromigrated Gap Composed of Two
Different Metals, Nano. Lett.,, 2008, 8 (5),
1347-1351

Vaidya, S., Sinha, A., “Effect of texture and
grain structure on electro migration in Al-
0.5%Cu thin films”, Thin solid films,1981, 75,
253-259

Sasagawa, K., Yamaji, N., Fukushi, S.,
“Threshold Current Density of Electro
migration Damage in Angled Polycrystalline
Line”, Key Eng Mater. ,2007 ,Volumes 353 —
358, 2958-2961

George A. Sullivan, Phys. Rev., “Electro
migration and Thermal Transport in Sodium
Metal”, 1967, Volume 154, Issue 3, 605-613


http://dx.doi.org/10.22068/ijmse.12.3.1
https://ceamp.iust.ac.ir/ijmse/article-1-825-en.html

[ Downloaded from ceamp.iust.ac.ir on 2025-07-17 ]

[ DOI: 10.22068/ijmse.12.3.1]

Iranian Journal of Materials Science & Engineering Vol. 12, Number 3, Sepember 2015

14.

15

16.

17.

18.

19.

20.

21.

22,

23.

24.

25.

Lin, K., Kuo, S., “The Electro migration and
Thermomigration Behaviors of Pb-free Flip
Chip Sn-3Ag-0.5Cu Solder Bumps”, Electronic
Components and Technology Conference, 56th,
2006, San Diego, CA., Pages 667-672
Koleshko, V., Kiryushin, I., “Electro migration
threshold of thin-film conductors”, Thin Solid
Films, 1990, Volume 192, Issue 1,181-191
Shan, Z., Stach, E., Wiezorek, J., Knapp, J.,
Follstaedt, D., Mao, S., “Grain Boundary-
Mediated Plasticity in Nanocrystalline Nickel”,
2004, Science 30, 654-657

Legros, M., Gianola, D., Hemker, K., “In situ
TEM observations of fast grain boundary
motion in stressed nanocrystalline aluminum
films”, Acta Materialia, 2008, 56,3380-3393
Patil, H., Huntington, H., Electro migration and
associated void formation in silver, J. Phys.
Chem. Solids, 1970, Volume 31, Issue 3, 463-
472

Chang, Y., Liang, S., Chen, C., “Study of void
formation due to electro migration in flip-chip
solder joints using Kelvin bump probes”, Appl.
Phys. Lett., 2006,89, 032103.

Heersche, H., Lientschnig, G., O’Neill, K., van
der Zant, H., Zandbergen, H., “In situ imaging
of electro migration-induced nanogap formation
by transmission electron microscopy”, Appl.
Phys. Lett., 2007, 91, 072107

Nucci, J., Keller, R., Sanchez, J., Shacham-
Diamand, Y., “Local crystallographic texture
and voiding in  passivated  copper
interconnects”, Appl. Phys. Lett., 1996, 69 (26).
Ryu, C., Kwon, K., Loke, A., Lee, H., Nogami,
T., Dubin, V., Kavari, R., Ray, G., Simon, S.,
Wong, “Microstructure and reliability of copper
interconnects”, Trans. Electron Devices, 1999,
vol. 46, no. 6, 1113 — 1120

Milnes, A., Bauer, C., “Voids associated with
electro migration in metal lines”, Solid-State
Electron., 1991,vol. 34, no. 7, 741- 746,

Hu, C., Gignac, L., Baker, B., Liniger, E., Yu,
R., Flaitz, P., “Impact of Cu microstructure on
electro migration reliability”, International
interconnect technology conference, IEEE
2007, 4-6 June 2007, 93-95

Hu, C., Rosenberg, R., Lee, K., “Electro
migration path in Cu thin-film lines”, Appl.
Phys. Lett., ,1999, vol. 74, 20

26.

27.

28.

Koetter, T., Wendrock, H., Schuehrer, H.,
Wenzel, C., Wetzig, K., “Relationship between
microstructure and electro migration damage in
unpassivated PVD  copper  damascene
interconnects”, Microelectron. reliab., 2000, 40,
1295-1299

Liao, C., Chen, K., Wu, W., Chen, L., “In situ
transmission electron microscope observations
of electro migration in copper lines at room
temperature”, Appl. Phys. Lett., 2005, 87,
141903

Magnaterra, A., “Structure factor and resistivity
of copper and silver”, Phys. Lett., vol., 1973,
44A, Number 1

13


http://dx.doi.org/10.22068/ijmse.12.3.1
https://ceamp.iust.ac.ir/ijmse/article-1-825-en.html
http://www.tcpdf.org

