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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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