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1- Introduction

Al alloys are very popular for structural applications due to
their low density, high strength, weldability and good
workability. In particular the extruded profiles are used for
making crash boxes in cars, fuselage stringers and frames for
airframe structures. In particular the grain refinement in Al
alloys is mainly by heterogeneous nucleation and grain
growth. Several studies have shown the importance of
addition of various grain refiners like Al-10Ti, Al-5Ti-1B, Al-
8B to aluminum alloys has influenced the microstructure,
mechanical and tribological properties. Especially the
combination of new processing technique like strain induced
melt activation process and grain refiners have enhanced the
mechanical properties of Al Al-Mg-Cu series. On the other
hand the rare earth elements like La, Sc, Ce and Er are also
used for refining grain sizes and modifying the eutectic
microstructures. Fang et al. studied the effect of rare earth
element like Er on the mechanical and corrosion
characteristics of AlZnMgCu alloy. The secondary precipitate
like AI3Er with size of 15-25 nm was found to inhibit the
recrystallization and improved fracture toughness. Liu et al.
studied the effect of Sc and Zr addition on hardness and tensile
properties of AlZnMgCu alloy sheets fabricated by a
combination of hot and cold rolling. With the increase in Sc
and Zr addition, the alloy found to exhibit resistance to
recrystallization by inhibiting dislocation mobility. Hardness
and tensile strength was found to be enhanced due to presence
of large volume fraction of precipitates of AlsSc and AlzZr.
Due to the possibility of aging of the alloy used in this
research, the aging steps were carried out on this alloy and the
simultaneous effect of aging heat treatment and mechanical
deformation (extrusion) on this alloy was investigated.
According to the research, the simultaneous effect of these two
processes on this series of alloys has not been done. The main
goal of this research is to study the effect of extrusion process
and heat treatment on mechanical properties and
microstructure of Al-3Mg-2.5Cu-xEr alloy.

2- Experimental
Al-3Mg-2.5Cu alloy was used as base alloy. Melting of
aluminum alloy was done by heating up to ~750°C. Er was

added to the molten alloy at a temperature of 750°C using
Amighan Al-30Er in different percentages of 0.5, 1, 1.5 and
2% by weight. After the successful addition of Er, the melt
was poured into a permanent mold designed and manufactured
according to ASTM B557M-10. A scanning electron
microscope equipped with X-ray energy diffraction analysis
(EDX) was used for microstructural studies. The cut parts of
the alloy were polished and then etched using sandpaper to
obtain the desired structure. The average grain size of the
samples was measured according to ASTM: E112 standard.
The phase was determined by X-ray diffraction method.
Tensile test was performed on all the samples at room
temperature with the SANTAM machine with a strain rate of
1 mm/min. Four samples were prepared and tested for each of
the percentages and the average value was reported in the
article. Before the tensile test, the extrusion process was
applied to all the samples. In other words, samples made under
different conditions using a hydraulic press at a speed of 1
mm/s at a temperature of 320 °C on a primary cylindrical billet
with a diameter of 29 mm with an extrusion ratio of 6 to 1
(which is the ratio of the cross-sectional area of the initial
billet to the final cross-sectional area after extrusion) was
extruded. Figure 1 shows the metal mold, the dimensions of
the tensile sample and the schematic of the extrusion mold.
After applying extrusion on the samples, the tensile test was
performed on the samples again. To study the effect of heat
treatment (T6 conditions) on mechanical properties, Al-3Mg-
2.5Cu alloy cast samples were heated to 460 °C for 8 hours
and then immediately cooled with water. Finally, the cooled
samples were heated at 120°C for 24 hours in an oven.
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Fig 1. SEM microstructures of refined specimens, with (a) 0.0
wt.% Er, (b) 0.5 wt.% Er, (c) 1 wt.% Er and (d) 2 wt.% Er.

3- Results and Discussion
Figure 1 shows the microstructure images of Al-3Mg-2.5Cu
alloy casting and modified with different weight percentages
of Er. The images clearly show that after the addition of Er, a
remarkable change occurs in the dendritic morphology of the
Al-3Mg-2.5Cu alloy.

Figure 2 shows the effect of different amounts of Al-30Er
on the grain size of Al-3Mg-2.5Cu alloy. It was found that the

average grain size of the basic Al-3Mg-2.5Cu alloy was about
550 pm. The addition of Er to the Al-3Mg-2.5Cu alloy
severely fines the primary columnar and coarse a-Al grains
and produces fine coaxial a-Al grains with an average size of
65 pm.

800

[ | Al-10Zn-2.5Mg-2Cu / Er added I

700

600

500

300

Average grain size (um)
H
[=]
o

200

100 I i
0
0 0.5 1 1.5 2
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Fig. 2. Grain size variations with Er contents.

Table 1 shows the mechanical properties of Al-3Mg-2.5Cu
alloy under different conditions. As seen in Table 1, the
average ultimate tensile strength (UTS) of the samples before
and after the T6 extrusion and heat treatment processes
increased from 225 MPa to 602 MPa. The tensile properties of
Al-3Mg-2.5Cu-xEr alloy mainly depend on the shape, size,
distribution of a-Al grains, secondary phase structure and
distribution of intermetallic among the grains.

Table 1. UTS of unrefined and Er refined samples at the
different conditions.

Er % As-cast As-cast- As-cast- As-cast-
T6 extrusion | extrusion-T6
0 230 460 275 510
0.5 245 480 303 530
1 270 500 317 580
15 242 475 300 528
2 235 468 278 512

4- Conclusion

1- The mechanical properties of Al-3Mg-2.5Cu alloys mainly
depend on the shape and size of deposits and grain size of a-
Al and the distribution of secondary phases.

2- AI-30Er is effective in reducing the grain size, changing the
dendritic morphology and creating a fine and uniform
microstructure.

3- The increase in tensile properties with the addition of Er
nucleating agent is due to the breaking of primary a-Al grains
and the formation of o-Al grains with a more uniform
distribution and a narrower distribution of secondary phases.
4- The optimal percentage of germinating Er in this research
was selected as one weight percent, and in this weight
percentage of Amijan, the highest tensile properties were
obtained.

5- The final tensile strength of casting alloys increases
significantly by adding Er. This is mainly due to the micro-
dispersion and uniform distribution of eutectic phase and a-Al
dendrite and strengthening through precipitated AI3Er
particles using Oravan mechanism.
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Effect of Aging Heat Treatment and Extrusion Process on Mechanical Properties of
Al-3Mg-2.5Cu-xEr Alloy

Mohammad Alipour

Abstract In this study, the effect of AI-30Er grain refiners, extrusion and heat treatment conditions on an Al-3Mg-2.5Cu
aluminum alloy was studied. Different amounts of AI-30Er (0.5 wt.% Er, 1 wt..0% Er, 1.5 wt.% Er and 2 wt.% Er) were
added to the molten alloy at 750 °C. The optimum level of Er was found to be 1 wt.%. Microstructural examinations and
fracture surfaces were conducted by scanning electron microscopy coupled with an energy dispersive spectrometry. T6
heat treatment including quenching to room temperature and aging at 120 < for 24 h was employed to reach to the
maximum strength. In order to eliminate the porosity inside the samples and improve the strength of the samples, the
extrusion process was used with a ratio of 6 to 1. For the prototypes in the direction of extrusion, the diameter of the
primary cylinder is 29 mm. By adding grain refiners and applying T6 heat treatment and extrusion process, a significant
improvement in mechanical properties was achieved. The average ultimate tensile strength (UTS) of the samples before
and after T6 heat treatment and extrusion process increased from 225 MPa to 602 MPa. Addition of one percent by
weight of Er, applying heat treatment and extrusion process, caused a 167% improvement in tensile strength compared
to the base aluminum alloy.

Keywords Rare earth, Heat treatments, Mechanical Properties, Microstructure.
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Introduction

In this article, the effect of ion type on the transport properties
of the structures whose common phases were created by the
tantalum-based ion bombardment process has been
investigated. The different doses of nitrogen ions used in the
ion seeding process at ambient temperature with an energy of
30 kV. To study the morphology of the surfaces of ion
bombarded thin layers, atomic force microscope (AFM)
analysis was used and the average roughness amount is
determined. AFM results showed that the peak-to-valley ratio
decreases. In addition, with the increase of the nitrogen ion
dose, the current density has decreased as a function of the
voltage, although this decrease is a direct result of the
dispersion caused by the existence of roughness, but the
process of this decrease does not follow a specific order for
different doses.

Improving the surface behaviors of metals generally lead
to solving the problems of wear, friction, hardness, wear,
corrosion and oxidation [1-5]. Features such as availability,
cheapness and relative simplicity of the manufacturing
process have caused tantalum to have many applications in the
industry. Among these applications, it can be mentioned that
it is used in cutting tools, marine structures and ship hulls,
medical instruments and machine building industry, in all
these applications, the surface properties of this material such
as corrosion resistance and hardness are of interest and
scientists and researchers to conduct research. More and more
in this field has forced. Using the ion bombardment method to
improve the quality of the alloy surface is a knowledge that
has received attention in the last few decades. The ion
bombardment process roughens the resulting
interfaces/surfaces [6-10]. Here, various nitrogen ion doses on
the transport properties of tantalum-based thin films (used as
multilayer structures) have been investigated. For this
purpose, the values of passing probability and current density
have been checked. In the following, the thin film preparation

and AFM analysis and its results are presented.

Experimental details

In this experiment, tantalum samples with dimensions of 0.5 x
1 x 1 mm were used. The ion bombardment of the samples
was done by the plasma research center's ion implantation
device. Bombardment conditions on tantalum samples for all
samples are given in table 1.

Tablel. lon bombardment conditions for samples

lon Time Pressure Current Energy | Sample
Current S) a0H4 (keV)
ion o Torr /cm2
1 360 2/7 40 30 1
x 1017 x 11076
3 470 2/7 40 30 2
x 1017 x Y107°
5 700 2/7 40 30 3
x 1017 x Y107°
7 1120 2/7 40 30 4
x 1017 x Y1076
10 1600 2/7 40 30 5
x 1017 x Y107°

Results and Discussion

The main effect of roughness is to reduce the transmission
probability due to the electron scattering process. Here the
comparison of the effect of the dose in the ion implantation
process on the electron scattering rate is discussed and
interested. Therefore, in Figures land 2, the scattered
components of the transmission probability and current
density are shown as a function of the incident electron
energy.
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Figure 1. The effect of roughness on the scattered
components of the probability of passage for unplanted
and planted samples

Conclusion

All existing surfaces produced by the ion implantation process
are uneven and lead to changes in the morphology of the
produced surfaces. By changing the dose of implanted ions,
the produced surfaces are smoother and the amount of electron
scattering decreases, which can be considered in the design
and optimization of electronic structures.
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Investigating the Effect of Roughness on the Tunneling and Statistical Properties of Tantalum thin
Layers Grown Using Nitrogen Ions

Amir Hoshang Ramezani Zhaleh Ebrahiminezhad

Abstract In this article, the effect of ion type on the transport properties of the structures whose common phases were
created by the tantalum-based ion bombardment process has been investigated. The nitrogen ions used in the ion seeding
process are considered with an energy of 30 kV and in different doses at ambient temperature. To study the morphology
of the surfaces of ion bombarded thin layers, atomic force microscope (AFM) analysis was used and the amount Average
roughness is determined. The results show that the common seasons produced by nitrogen ion bombardment have more
effects on the transport characteristics. Also, the peak-to-valley ratio decreases. In addition, with the increase of the
nitrogen ion dose, the current density has decreased as a function of the voltage, although this decrease is a direct result
of the dispersion caused by the existence of unevenness, but the process of this decrease does not follow a specific order
for different doses, example sample number one indicates a higher probability of passing. The results show that
determining the amount of dose plays an important role in determining the amount of transport characteristics through
uneven thin layers.

Keywords Tantalum, Surface Roughness, Thin film, Ion Implantation.
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1- Introduction

For obtaining casting products having good quality,
designing the gating systems has an important role. Usually,
in the complicated or heavy components, several gates can
be considered. It is necessary that the metal can flow inside
the cavity with a lamellar manner to provide a homogeneous
microstructure and mechanical properties. It is possible to
control the pressure of the metal flow by designing a gating
system with a suitable gating ratio, which is defined as the
ratio of the “area of the lowest part of the sprue” to “area of
the cross section of runner” to “area of the cross section of
gates”. If this ratio decreases or increases gradually towards
the mold cavity, the resulted gating system is called as a
“pressurized” and “un-pressurized” gating system,
respectively. In the case of steels, both of pressurized and
un-pressurized gating systems have been used in the
literature. In this work, the effect of the using the pressurized
and un-pressurized gating systems as well as the influence
of the place of gates on the casting quality of a centrifugal
pump body is evaluated utilizing the casting simulation.

2- Simulation Procedure
Figure 1 shows the schematic of the centrifugal pump body
used for the casting simulation. First, the model considering
supports for the core, was designed. Then a sand mold was
modeled using Catia software, and casting simulation was
done via Procast software. CF8M stainless steel, silica sand
and resin sand were defined for the alloy, mold and core,
respectively.

Three designs with the gating ratio involving (1) 1:2:1.5
with 2 gates, (2) 1:3:3 with 2 gates and (3) 1:3:3 with 3 gates
were implemented to the software.

3- Results and Discussion

Figure 2 indicates the simulation results at the last stages of
the solidification. It can be seen that at all designs the un-
solidified parts are not inside the pump main body. As the

supports of the pump body are not experienced severe
stresses in the service, forming the hot spots inside them are
not important, in comparison to hot spots inside the pump
main body.

Figure 1. The schematic of the pump body used for casting
simulation.

Also, figure 2 illustrate that if a pressurized gating system
(plan 1) is used, the molten metal in the sprue can be in the
state of the liquid until the last stages of the solidification of
the pump body. So, it can be act as a riser for the casting part.
This is due to the limited cross section area of gates in the
pressurized gating system and aggregating the melt inside
the sprue, which limits the cooling rate of the molten metal.
It should be noted that using a pressurized gating system
with a very small cross section can decrease the temperature
of the melt and even close the rout of the molten metal.
Although, the effect of this defect can be weakened by
utilizing shorter runner and gates. Figure 3 shows that the
fluid velocity at both gates provided in design 1 is the same
with the magnitude of 0.7-1 m/s, indicating a homogeneous
fluid flow towards the mold cavity.
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4. Conclusions rapid cooling of the molten metal inside the sprue and helps
Results showed that designed gating systems in this work  to the sprue acts as a riser. Finally, it was found that for a
can move hot spots to the area out of the pump main body.  casting with lower defects, gates should be placed in a same
Also, the proposed pressurized gating system prevents the  distance from the sprue.
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Figure 2. The contour of the solidified fraction of the pump body.
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Figure 3. The fluid velocity with respect to the casting time for (a) and (b) two gates of design 1 (figure 2-a).
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Evaluating Effects of the Gating Ratio on the Casting Quality of a Steel Pump Body Using the
Simulation

Morteza Azarbarmas

Abstract Due to effects of the gating ratio on the amount of shrinkage porosities and thereby on mechanical properties
of steel components, optimizing the gating system is one of the interested fields for scientists focused on the casting
industry. In this paper, the casting of a steel centrifugal pump body has been simulated and influences of the gating ratio
on the casting quality of the obtained component have been evaluated. Investigated parameters involve the place of
formed hot-spots, the speed of the liquid flowing from gates and its uniformity. The obtained results show that in the case
of the evaluated component, both of the suggested gating ratios of 2:1.15 and 1:3:3 can distribute the melt well in such a
way that the last solidified parts are far from the portions experiencing high stresses during the service. However, using
the gating ratio of 1:2:1.5 lets that the sprue to be full of the liquid metal. So, the sprue can compensate the occurred
shrinkage and almost prevent the entrance of the out gases. Moreover, it was observed that the symmetry of gates with
respect to each other does not have an important effect but with respect to the position of the sprue has a crucial role to
ensure a similar speed and behavior of the metal flowing in the different gates.

Keywords Casting Simulation , Gating System , Pump Body, Steel Casting.
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1. Introduction

In high-strength aluminum alloys, in addition to the
maximum tensile strength, the resistance of the alloy to
fracture should also be considered. The Sharpie impact test
can be a reliable test to determine brittle fracture, to perform
the test on cold-rolled aluminum sheet AA6061 and AA7020
with a specific rolling direction to the dimensions of 10x10
mm. x55.

2- Test method

To perform hardness deposition, AA7020 samples were
placed in an oven at 475°C for 2 hours. Besides, AA6061
samples were placed in an oven at 530°C for 2 hours, and then
quenched in cold water. Artificial parts were placed at a
temperature of 150°C for 12 hours.

3- Results and discussion

In the majority of AA7020 alloy samples, brittle failure is
dominant and type I loading is more important. In AA6061
alloy, the failure of most samples is a mixture of soft and
brittle fracture, which indicates loading as a mixture of types
11/ 11/ 1. As shown in Tables 1-6, in most of the samples, with
the increase of groove angle, the amount of energy absorbed
in the direction of failure has decreased. According to Tables
6 and 5, in some of the samples that have secondary cracks,
the average depth of the cracks has decreased with the increase
of the groove angle. The order of increase of absorbed energy
towards failure is X-Y-Z-D. But the value of fracture
toughness in the state (S-T) has a minimum value. In this case,
failure occurs easily between the rolled layers. By changing
the direction of the samples in the form of X-Y-Z-D, the
fracture section in the X direction is smooth (flat) and changes
very little in the Y direction, and a kind of slowness is
observed at the end of the sample (in front of the groove). In
samples with Z direction, the fracture angle is diagonal, and in

some of these samples, a crack has appeared, and in samples
with D direction, the fracture section is diagonal, and in some,
the fracture angle is high, and there are secondary cracks in
most of the samples. In most of the samples, the value of
cutting-edge breakage is the lowest in the D direction,
followed by the Z direction and then in the X direction, and
the highest value of the cutting edges is seen in the Y direction.
The percentage value of lateral correlation is the highest value
in the majority of samples in the D direction. In samples with
Z direction, a crack appeared on one side of the sample during
failure, and the average crack depth is 2 mm, but in D grade
samples, cracks appeared on both sides of the sample, and the
average crack depth is 4 mm. Also, in this case, the amount of
crack depth has decreased with increasing temperature, and
with increasing groove angle, the amount of crack depth has
also decreased.

4- Conclusion

In all the tested angles and temperatures, the absorbed energy
of the D degree has the highest value. It can also be said that
the lowest amount of absorbed energy is in the samples of
degree X, and also that the amount of impact energy has
increased in the order of degrees D-Z-Y-X. Increasing the
angle of the groove causes the type of failure to change as type
I. Also, the effect of direction is not very important at low
temperatures because they do not show very big differences.
In most of the tested temperatures, with increasing groove
angle, the amount of absorbed energy decreases, and
increasing the groove angle causes a decrease in the fracture
toughness. Also, in most of the tested groove angles, with
increasing temperature, the amount of absorbed energy
decreases.
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Table 3- The results of the percentage of soft fracture and lateral expansion in the form of cutting edges of 7020 AA
alloy in different directions, temperature and groove angle.

groove angle | Test temperature | Lateral extension lesson Fracture energy (J
X(C) Y| (EBE)Z] DMB)| X(C) YMA)| (E)Z DMB) X(©] YMA)| (E)Z DB
-60 46.45 | 615 28 30 5 7 7 10 21 30 40 73
30 0 44.75 64 28 20 7 5 9 7 22 26 41 77
25 40.5 | 60.25 32 30 5 7 10 14 23 27 42 66
100 48.85 | 49.62 30 32 6 7 20 10 24 28 43 61
-60 48.8 | 63.02 32 26 6 7 8 11 29 35 39 73
45 0 49.6 | 68.15 36 24 6 9 8 12 30 38 41 76
25 52 64.25 32 26 7 6 7 13 33 41 42 68
100 505 | 56.5 | 4225 | 28 5 8 7 11 35 43 43 56
-60 48.85 | 64.47 28 26 5 6 9 9 28 30 39 74
60 0 47.2 47.5 34 26 5 8 8 10 29 33 40 75
25 43.12 | 61.57 24 28 4 7 8 14 31 40 42 70
100 45.6 44 4225 | 28 5 9 7 12 33 45 45 62
-60 34.45 65 38 28 5 9 9 13 26 29 38 62
9 0 45.55 52 36 26 7 7 8 11 29 34 39 65
25 42.4 | 50.7 32 36 5 8 7 12 30 37 44 55
100 51.2 59.5 | 4135 | 30 8 8 9 10 34 39 47 51

Table 4- The results of percentage of soft fracture and lateral expansion in the form of cutting edges of AA6061 alloy in
different directions, temperature and groove angle.

groove angle | Test temperature | Lateral extension lesson | Fracture energy (J)
X(C)| YA |Z(E) | X(C) Y(A) (E)Z X(@C)| YA Z (E)
-60 66.5 | 67.62 | 76.25 18 20 20 45 47 50
30 0 64 69.37 65 19 18 14 47 48 52
25 70 69.37 | 58.75 19 18 5 51 52 53
100 | 71.12 | 38.72 | 81.25 19 16 14 52 53 55
-60 | 69.37 | 70.75 75.6 16 17 13 39 40 41
45 0 65 61.75 91.25 17 18 8 43 44 45
25 715 59 68.65 20 18 10 47 49 49
100 | 60.62 | 53.25 | 81.25 16 16 10 50 50 51
-60 74.5 90.5 61.75 15 17 4 38 39 40
60 0 76.25 68.5 72.25 11 13 22 40 41 42
25 74.5 73.75 67.62 20 19 18 41 43 44
100 72.5 66.75 72 12 22 14 44 45 46
-60 | 58.37 | 61.75 56.5 13 19 10 36 37 40
90 0 73.75 | 76.25 32 18 20 20 38 39 43
25 91.25 | 78.12 51.87 23 11 14 39 40 44
100 47.5 38 73.75 19 16 16 40 45 47
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Table 5- Average fracture type, crack depth in millimeters and cracked directions of 7020 AA alloy in different
directions, temperature and groove angle(R = smooth, M = diagonal, X = no crack, \ = crack)

groove angle | Test temperature | Lateral extension lesson | Fracture energy (J)
X(C) | Y(A) (E) Z D(B) X(C) | YA | (E)Z | D(B)

-60 x X Both sides 1.5 | Both sides3 R R M M

30 0 x X Both sides3 Both sides6 R R M M
25 x X One sides Both sides5 R R M M

100 x X One sides One sides R R M M

-60 x X One sides 2 Both sides4 R R M M

45 0 x X One sides1.5 Both sides3 R R M M
25 x X X Both sides3.5 R R M M

100 x X One sides One sides R R M M

-60 x X One sides1.5 Both sides4.5 R R M M

60 0 x X One sides Both sides4.5 R R M M
25 X X Both sides2 Both sides3 R R M M

100 X X One sides Both sides1.5 R R M M

-60 X X X Both sides3.5 R R M M

90 0 X X One sides Both sides4.5 R R M M
25 X X One sides1.5 Both sides2.5 R R M M

100 X X One sides 1 One sides R R M M

Table 6- Average type of fracture, depth of crack in millimeters of cracked directions of 6061 AA alloy in different
directions, temperature and groove angle

Test Lateral extension
temperature lesson
X(C) Y(A) (E)Zz X
-60 X X
0
25
100
-60
0
25
100
-60
0
25
100
-60
0
25
100

groove angle Fracture energy (J)

Y(A) (

N—
N

30

45

60

90

X|X|X|X|X[|X|X|X|X|X]|X]|X]|X]|X]|X
2|l X|]l 222|212
T |ZZ|mZ|Z|Z|0|0|0|0|W|W|W|T|B(S
o|0|;|B|D|0|Z|Z |00 B ZZ|0Z
NHHEHENENEHEEEEEESE

X | X |2 X | X |22 X |22]2|2|X|X|X]|X]|X
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Effect of Rolling Direction and Groove Geometry on Impact Behaviour of AA6061 and AA 7020
Aluminum Alloys

Farzad soleymani

Abstract Impact behavior of cold rolled AA6061 and AA 7020 aluminum alloys were investigated by Charpy impact
test. Four longitudinal and long transverse and short transverse (in two groove positions) were studied. The groove
angles were 30, 45, 60 and 90 degrees and temperatures tests were dry ice, zero degrees, ambient and boiling water
temperatures. Two samples of each variable were taken to ensure the distribution range. Also for strengthening of
aluminum alloys T65 precipitation hardening heat treatment was used. The results showed that increasing temperature
increased the amount of impact energy and impact energy value decreased with increasing groove angle and failure
mode altered from shear to flat and a mixture of both. Samples had the minimum amount of impact energy in the rolling
longitudinal direction and the maximum amount of impact energy in the short transverse direction.

Keywords Impact energy, Groove direction, Shear failure, Aluminum alloy.
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1- Introduction

Since the advent of the integrated circuit about 60 years ago,
aluminum and silicon dioxide have been widely used as
conductors and insulators, respectively, for the construction of
microprocessors. With the increase in technical demands, the
continuous reduction of chip dimensions and the explosive
increase in the number of transistors in microprocessors led to
the growth of the so-called gate delays. As the temperature
increases, the behavior of the connectors will be very
important as an important factor in determining the speed of
the performance of the circuit. Therefore, choosing the most
suitable material for internal connections is very necessary. To
increase the speed and performance of microprocessors, it was
suggested to use copper instead of aluminum. Because copper
has a lower electrical resistance than aluminum. The time
constant in silicon/aluminum oxide must be extremely low to
increase the speed of the electronic component. The time
constant is significantly reduced by substituting copper
instead of aluminum, which will improve the efficiency of the
circuit. In addition, much thinner copper lines can carry the
same amount of current as aluminum. These interesting
properties of copper reduce the operating voltage and improve
the efficiency of the electronic component. But in spite of all
the advantages of using copper, its rapid diffusion into silicon
or silicon oxide and the formation of copper silicide insulating
material creates major problems in the performance of the
part. Therefore, to use copper instead of aluminum in
electrical connections between electronic devices in
microprocessors, it seems necessary to use a thin layer as a
barrier layer. In this research, the thermal stability of the
amorphous layer of tungsten/tungsten nitride as a barrier layer
of copper diffusion to silicon or silicon oxide was studied.
These layers are of great interest due to their low electrical
resistance and the ability to form amorphous structures.

2- Experimental

A direct current power supply is used to generate the electrical
current and voltage required to heat the tungsten filament. The
gas inside the storage chamber was first evacuated by a

mechanical pump and when the base pressure in the vacuum
chamber reached 1x10-6torr, nitrogen gas was directed into the
chamber at a standard constant rate of 50 cm?/min until the
total pressure was 1x1072 torr will arrive. A thin layer of
tungsten nitride with a thickness of approximately 35 nm was
deposited on the silicon oxide substrate. Nitrogen decomposes
into nitrogen atoms as a result of proximity to the hot tungsten
filament, and tungsten deposits are deposited on the
silicon/silicon oxide substrate during the reaction with
nitrogen atoms. After the deposition of the tungsten layer, a
thin layer of copper with a thickness of about 100 nm was
deposited on the previous layers using a cylindrical magnetic
sputtering method with direct current.

Results and Discussion

Using the X-ray diffraction pattern, the breakdown
temperature of the diffusion barrier layers is determined by
disappearance of the copper (111) peak and the appearance of
copper silicide peaks. The X-ray diffraction patterns of the
samples after annealing at different temperatures are shown in
Figure 1. In the amorphous structure, there is no grain
boundary that provides a direct path for copper diffusion and
because of this, copper diffusion will be slower. Based on the
obtained results, the breakdown temperature of the amorphous
diffusion barrier layer of tungsten/tungsten nitride is about
800°C. It seems that the temperature stability of this layer
prevents diffusion, probably due to the diffusion of small
nitrogen molecules into the grain boundaries of the tungsten
layer.
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Figure 1-X-ray diffraction pattern of Si/SiO2/WN/W/Cu layer after
heating at different temperatures.

5- Conclusion

In this study, the thermal stability of amorphous W/WN layer
was investigated as a barrier layer for Cu diffusion to silicon.
According to X-ray diffraction results, the W/WN diffusion
barrier layer is stable up to 800°C and fails at a higher
temperature, which is due to the crystallization of the
amorphous structure of this double barrier layer at higher
temperatures.
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Investigating the Performance of Amorphous W/WN Bilayer as a Cu Diffusion Barrier in Si

Somayeh Asgary Amir Hoshang Ramezani

Abstract Tungsten/tungsten nitride bilayer with amorphous structure was deposited on the silicon / silicon oxide
substrate by high vacuum thermal evaporation method. To investigate the thermal stability of this bilayer as a diffusion
barrier layer, the Cu/W /WN/SiO2/Si multilayer was heated at different temperatures and the results were analyzed
using X-ray diffraction (XRD), scanning electron microscopy (SEM) and four-point probe (FPP) methods. According to
the XRD results, formation of the cupper silicide at 800° C indicates diffusion of copper from the W/WN bilayer in the
Si. The formation of a CusSi with insulation phase leads to a sudden increase in electrical resistance (212 Q /cm?) and
will disrupt the performance of the W/WN barrier layer as a diffusion barrier. The diffusion of copper into silicon is
often through undesirable grain boundaries that occur during the heating treatment of the W/ WN bilayer by changing
its phase from amorphous to polycrystalline and shown in X-ray diffraction results. At high temperatures, the electron
microscope image has shown fracture, cracking and flaking of the surface of the copper layer, which is caused by
thermal stress between the penetration barrier/copper surfaces or the volume of the layers.

Keywords Diffusion barrier layer, Grain boundary diffusion, CusSi, W/WN.
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1- Introduction

Alumina (aluminum oxide, Al»Os3) is one of the most widely
used ceramics due to its high hardness and strength (at low and
high temperatures) and good insulation properties. However,
to improve the mechanical properties and especially the
fracture toughness of this material, making composites from
alumina is very important. Several studies have been
conducted by researchers to improve the mechanical
properties of alumina-based composites due to their inherent
brittleness. For example, various particles have been added as
reinforcements, such as zirconia, carbon nanotubes, silicon
carbide, etc. Alumina-yttria-based ceramic composites have
been used in aerospace engineering, as components for jet
engines in the aircraft industry and machine tools. The two-
phase microstructure resulting from the sintering of alumina
and yttria powder mixtures forms alumina and yttrium
aluminum garnet which is homogeneously distributed in the
product. After sintering, compressive residual stress is created
in the products which is due to the difference in the thermal
expansion coefficient of these two phases. This behavior
reduces the propagation of cracks and thus increases the
fracture toughness of this ceramic composite. In recent years,
the production of raw materials from wet chemical methods
has received much attention due to the purity and quality of
these methods. Different techniques have been employed for
synthesizing nanoparticles such as co-precipitation, sol-gel,
hydrothermal, combustion, solvothermal, etc. Sol-gel method
is widely used for the production of homogeneous
nanocomposites due to the suitable mixing of the raw
materials and has been of great interest in recent years.
Therefore, the aim of the present research is to make in situ
composite nanoparticles based on alumina-yttria composite by
sol-gel method. Then the resulting powder will be
characterized and the effect of heat treatment on the phase
changes and the size of its crystals will be investigated. The
produced nanocomposite powder is then isostatically pressed
and pressureless sintered at different temperatures. The
density and hardness of these samples were investigated.

2- Materials and Methods

Raw materials for synthesis nanopowder by sol-gel method
included AICI;-6H,0, Al powder, Y,03 and HCI. For this
purpose, yttrium oxide powder was first dissolved in HCI.

Then, aluminum and aluminum chloride were added to the
solution. The amount of raw materials was chosen based on
10 wt.% of yttria. The precursor solution was continuously
stirred at 100 °C for 4 h to completely dissolve the raw
materials and aged at 60 °C. The viscosity of the solution
gradually increased and finally, the solution turned into a hard
gel. The gel was dried at 80 °C for 48 h. The dried gel was
calcined in an electric furnace at different temperatures and
then ground using an alumina vial and pure alumina balls in
an ethanol medium to break the powder agglomerates. The
obtained powder was dried again at 80°C. To make the parts,
the powders were pressed under a pressure of 80 MPa and then
pressureless sintered at different temperatures.

The morphology of the powders and the surface of the
composite parts were examined using a Philips XL30
scanning electron microscope. To check the density of the
sample, Archimedes' method was used in water liquid.
Vickers hardness was measured by Wolpert 430 hardness
tester with a load of 1.5 kg and a dwell time of 15 seconds.

2- Results and discussion

The X-ray diffraction results of the samples are shown in
Figure 1. The X-ray diffraction patterns of the heat-treated gel
at 600 °C do not show a peak, which indicates that the
structure is amorphous and irregular. As the temperature
increases to 700 °C, peaks related to Theta alumina phase
appear. The intensity of the peaks increases up to 1000 °C,
which indicates the growth of crystallites. At the temperature
of 1100 °C, the intensity of the peaks related to the theta
alumina phase decreases, which indicates the decomposition
of this phase. At a temperature of 1200 °C, alpha alumina
peaks appear and peaks related to theta alumina phase are
removed. In fact, at high temperatures, the intermediate phases
of alumina become unstable and the alpha phase, which is the
stable phase of high alumina temperature, replaces the
intermediate phases. In addition, the peaks related to the
hexagonal YAIOj; are observed at 1100 °C. By increasing the
temperature up to 1200 °C, Y3Als012 phase was formed.
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Fig. 1. X-ray diffraction patterns of calcined samples at
different temperatures.

Figure 2 shows the relative density of the samples after the
sintering. In general, the density of samples has an upward
trend with increasing temperature. However, this density
increase follows a specific pattern. The sintering plot shows a
sigmoidal shape. Sintering starts at about 1200 °C, however,
the slope of the line at this temperature is low, which indicates
the low speed of densification. This low rate is due to low
temperature. As the temperature increases to 1300 °C, the
condensation rate increases dramatically. In this area, the
sintering mechanisms including grain boundary diffusion and
volume diffusion are well activated. After 1500 °C, the final
step of sintering initiates. The rate of densification decreases
which is due to the increase in the size of the grains and also
the confinement of the pores inside the grain. It causes the
diffusion paths of atoms to become long and hard.
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Fig. 2. Densification of the samples by changing the sintering
temperature

The Vickers hardness test was performed to study the
mechanical properties of the samples. The effect of annealing
temperature on the hardness of the samples is shown in Figure
3. The results show that the hardness of the samples increases
with the increase of the sintering temperature, and for the

sample sintered at 1600 °C for 3 hours, the hardness is about
14 GPa. The higher hardness is attributed to the higher density
of this sample.
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Fig. 3. The hardness of sintered samples at different
temperatures

4. Conclusion

In the present study, composite powder based on alumina-
yttria was synthesized via a sol-gel method. The powders were
sintered at different temperatures. The results of X-ray
diffraction showed that the produced powder initially has an
amorphous structure, and after heat treatment, alumina phases
and yttrium aluminum garnet are formed. The samples
sintered at a temperature of 1600 °C reached about 96%
relative density. The hardness of the samples increased with
the increase in the sintering temperature.
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Fabrication and Characterization of Al,Os-Y,03;Based Composite
Sayed Ali Hassanzadeh-Tabrizi

Abstract In the present research, nanoparticles based on the alumina-yttria system were synthesized using a sol-gel
method. Then, the effect of heat treatment on the phase evolution and crystallite size in this composite system was
investigated. The produced composite powder was characterized using X-ray diffraction and scanning electron
microscopy. Scherrer equation was used to investigate the effect of temperature on crystallite sizes. The composite powder
was cold isostatically pressed and subjected to a pressureless sintering process at different temperatures to evaluate its
density changes. The X-ray diffraction results showed that the powder sample was initially amorphous. By increasing the
temperature, the components of this composite system reacted and Alpha-Al,O3 and Y3AlsO1, phases are formed. The
crystallite size of the Theta-alumina phase grew with increasing temperatures up to 1000 <. At higher temperatures,
crystallite size decreased due to the decomposition of theta-alumina. The density of the samples increased by increasing
the temperature up to 1600 < so that the samples reached a relative density of about 96%. The densification curve of
the composite showed three different stages during sintering. Examining the hardness of the samples showed that the
hardness increases with the increase of the sintering temperature, and in the sample sintered at 1600 < for 3 hours, the
Vickers hardness reached about 14 GPa.

Keywords Alumina, Yttria, Composite, Sol-gel.
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