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Furthermore, NiSi2 tends to grow in two orientations A and B on Si
which often appear simultaneously.

Despite the extremely low 
lattice mismatch the growth 
of closed uniformly oriented 
NiSi2 layers on Si(001) is a 
difficult task. High diffusivity 
of Ni atoms in Si prevents 
the formation of closed NiSi2
layers at high substrate 
temperatures. 
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Ni-Ga-Si MBE

rapid thermal annealing (RTA) 
in a N2 ambient
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• closed silicide layers after addition of Al and a 900°C annealing
• interfacial roughness strongly depends on Al content: 

smooth layers are observed for z = 0.2…0.3
• only A-type orientation was observed in the presence of Al
• formation of Al oxide at the surface

• layer morphology depends on Ga content:
closed NiSi2-xGax layers at z = 0.28 after a 900°C annealing

• homogeneous Ga distribution across the layer after a 900°C annealing
• layer orientation depends on Ga content: A-type oriented layers at z = 0.28
• problem: high interfacial roughness
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• disilicide formation
temperature decreases
down to 500°C 

• formation of Ni-Ga-Si
compounds

• monosilicide formation at 500°C 
• formation of textured Ni-Ga-Si

compounds above the NiSi layer
• amorphous surface oxidized

layer
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Ni/Al or Ni/Ga codeposition
at room temperature

deposited amount of Ni corresponds
to a Ni layer thickness of 20 nm

different Ni/Al and Ni/Ga ratios
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• for all Al contents there is a formation of Al-oxide surface layer
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• disilicide formation temperature
decreases down to 500°C
(about 700°C for pure Ni on Si)

• for higher Al contents there is a
formation of additional 
Ni-Al-Si compounds
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A-type:
NiSi2(001)[110] || Si(001)[110]
B-type:
twin on a {111} plane
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NiSi2:Si:

mismatch of -0.4 % to Si

Additionally, there is a favorable 
formation of NiSi2{111} /Si{111} 
interfaces during the growth on 
Si(001).
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Metal silicides are of interest as materials
in ultralarge scale integration beacuse of 
their low resistivity. However, the up-to-
date Si-based microelectronic devices
are realised in 2D-planar technology. The
3D integration is hindered because it is
not possible to fabricate a defect-free
epitaxial Si layer over the transistor
structure. One of the most important
problems is the lattice misfit between Si 
and the metallic silicide contact.

Richter et al.* reported on substitution of 
Si in bulk nickel disilicide with Al or Ga.
Furthermore, Ga substitution leads to an 
increase in electric conductivity of the 
disilicide layers. *  K.W. Richter et al. 
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