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Introduction Deposition ProceduresMotivation
♦ Metal silicides are still of interest as materials in ultralarge

scale integration (ULSI) because 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 in fabricating of the defect-free layers is 
the lattice misfit between the silicon and the metallic silicide
contact.

♦ Richter et. al. reported that it is possible to adjust the lattice 
parameter of bulk nickel disilicide material by substitution of Si
with Al or Ga [1]. This reveals the possibility to fabricate nearly 
defect-free unstrained epitaxial ternary NiSi2-xAlx or NiSi2-xGax
layers. Furthermore, it was shown that Ga substitution leads to 
a considerable decrease in resisistivity of the disilicide layers, 
which might make this material attractive for application in 
microelectronics.

[1] K.W. Richter, K. Hiebl, Appl. Phys. Lett. 83(3) (2003) 497.

♦ NiSi2 crystallizes in CaF2 structure, which is similar to the 
diamond structure of Si. Among all transition metal silicides NiSi2
shows the smallest lattice mismatch of -0,4 % to Si.

♦ 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 and leads to the island formation at high 
substrate temperatures. Furthermore, NiSi2 tends to grow in two 
orientations on Si, which often appear simultaneously. They are 
known as A-type and twin B-type orientations.

DC magnetron sputtering
Ni/Al codeposition at room
temperature

deposition rates:
of  Ni: ≈ 6 nm min-1

of Al: ≈ 0.3 ... 2 nm min-1

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

different Ni/Ga = 1/z ratios:
z = 0; 0.06; 0.1; 0.2; 0.3; 0.5; 0.6

MBE
Ni/Ga codeposition at room
temperature

deposition rates: 
of Ni: ≈ 1.8 nm min-1

of Ga: ≈ 0.2 … 0.9 nm min-1

deposited amount of Ni 
corresponds to a Ni layer
thickness of 15 nm

different Ni/Ga = 1/z ratios:
z = 0; 0.06; 0.12; 0.17; 0.22; 0.28

Ni-Al-Si Ni-Ga-Si

rapid thermal annealing (RTA) in a N2 ambient
annealing time: 30s
temperature range: 500°C to 900°C

Structure of NiSi2-xAlx layers RBS channeling yield A-type orientation:
NiSi2-xAlx (001)[110] || Si(001)[110]
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Conclusions
♦ In the presence of the substitution elements Al or Ga the

Nickel disilicide formation temperature decreases down to
500°C.

Ni-Al-Si System:
♦ Addition of Al leads to formation of closed epitaxial NiSi2-xAlx

layers with a very good crystalline quality (A-type orientation,
RBS channeling yield of 4%). 

♦ Silicide/silicon interface roughness decreases rapidly for the Al
content z ranging from 0.06 to 0.3. Further increase of the Al
amount leads to an increase in the interfacial roughness.

Ni-Ga-Si System:
♦ Addition of a Ga amount z of about 0.17 results in formation of

textured NiSi2-xGax(110) || Si(001) layers at the substrate 
temperatures higher than 750°C. Island formation was 
observed above 900°C.

♦ An increase of the Ga content up to 0.28 leads to formation of 
closed epitaxial (A-type) disilicide layers at a substrate 
temperature of 900°C. The NiSi2-xGax layers exhibit a high 
interfacial roughness.

♦ addition of  Al  leads to  formation of  closed epitaxial
layers of the A-type orientation;

♦ the lowest interfacial roughness is obtained for the Al
content z ranging   from 0.2  to  0.3.  Further increase of
the Al content leads to an increase in the interfacial
roughness;

♦ formation temperature of the disilicide phase decreases
down to 500°C.
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Two differnet layer regions are observed:

♦ polycrystalline NiSi2-xGax regions;

♦ epitaxial A-type NiSi2-xGax regions.
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♦ island formation;

♦ textured NiSi2-xGax(110) || (001)Si.
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♦ closed NiSi2-xGax layers;

♦ epitaxial layers showing only A-type
orientation.
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polycrystalline NiSi2-xGax, Ni2Ga3, 
textured NiSi and epitaxial GaNi.

♦ diffraction analysis 
of the upper layer 
shows the presence of
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