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1. Introduction






Ni monosilicide (NiSi) has been widely used as contacts
for source, drain, and gate in the complementary-metaloxide-semiconductor (CMOS) transistors.

De Schutter B et al, Appl. Phys. Rev, 2016

2. Research strategy
Zhang, et al. J. Phase Equilib.
Diffus. 37(3)(2016) 259-260.
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3. Model description


Agglomeration of NiSi film
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4. Experiments
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• Interface energy intensity:
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➢ Evolution equation of
concentration field:
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• Ni-Si phase diagram with NiSi phase and (Si)
phase, an extremely tiny solid solubility of the (Si)
phase was considered.
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4.1 In-situ SEM (annealing)

Microstructure evolution during in-situ SEM.

Agglomeration

F =  f intf + f chem

➢ Total free energy:

➢ Evolution
equation of
phase field:

Grain size

Grain
boundary
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Purpose: Reveal the mechanism of agglomeration for NiSi thin film.

• Chemical energy intensity:

Morphology

• Metal-rich phase
growth
• NiSi formation

1) The morphological degradation: the agglomeration (or
dewetting) of NiSi occurs upon annealing (when T>500 oC,
depending on the film thickness)
2) The phase degradation: NiSi transforms into the high
resistivity NiSi2 phase (T at about 750~800oC)

Advantages: compared to the former contact materials
of CoSi2 and TiSi2, NiSi has attractive advantages,
including a low resistivity, less Si consumption, and
Ni diffusion-controlled growth.

Thermodynamic
/Kinetic database

Disadvantages: NiSi film is not stable at high temperatures.

• Read-Shockley law:
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• The sigmoidal law:
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4.2 Long-time annealing
➢

Agglomeration Kinetics

EBSD
✓ A number of small grains have
disappeared, and there is a
general grain growth with the
average grain radius increasing
from 137.26 nm to 193.10 nm.

NiSi

(a) Phase fraction and number of the regions for
the surface-exposed Si with time;
(b) Raw and shifted phase fraction kinetics of
surface-exposed Si for the cutting fraction
f0(e-Si) =3.0%,;
(c) Shifted kinetic of exposed Si phase for in-situ
SEM results with different magnifications

Exposed Si

Fig.1 In-situ SEM result of 30nm NiSi on Si(100) substrate at 600 oC
with high magnification: (a) 0 min (b) 15 min (c) 60 min (d) 261 min.

5. Simulations

Fig.2 Kinetic of exposed Si during in-situ SEM at 600oC of the 30 nm NiSi thin film on Si(100)
substrate with different magnifications. The orange error range is from maximum and minimum.

5.2 Effect of different
misorientation distributions

5.1 Effect of the different volume
fractions of different orientation

✓ Some grains with special
orientation grow abnormally.
Pole figures show that these
special grains with special
orientation have similar-fiber
texture while grains with
random orientation disappear,
as shown in Fig.3d and Fig.3e,

Fig.3 EBSD orientation maps and pole figures for 30nm NiSi film on Si(100) substrate: (a)+(d)
RTP at 600oC for 60s, and (b)+(e) vacuum annealing 24 hours at 600oC, (c) grain size distribution.

5.3 Agglomeration kinetic

5.4 Application in real polycrystalline NiSi film

Grooving

Reconstruct

EBSD result of 30nm NiSi thin
film (RTP at 600oC for 60s)

Misorientation distribution

Initial simulation structure

Fig.5 Cross-section of simulated results for different
misorientation distribution with same HAG fraction on the
grooving for 30 nm NiSi film on Si substrate at 600oC.

Agglomeration

✓ The grooving starts from the NiSi grain boundary with
large misorientation.

Fig.4 Simulated microstructure evolution for different high-angle
grains (HAG) fraction of on the agglomeration for 30 nm NiSi film
on Si substrate at 600oC: (a) isotropic grains, (b) fHAG=77.25%, (c)
fHAG=56.70%, (d) fHAG=30.67%, and (e) fHAG=77.25%.

Fig.6 Simulated microstructure evolution for different
misorientation distribution with same HAG fraction on the
agglomeration for 30 nm NiSi film on Si substrate at 600oC.

✓ The increase in volume fraction of low-angle misorientation
grains will retard the agglomeration of NiSi film.

✓ The evolution in NiSi/Si interface with HAM is faster
than the LAM interface.

Fig.7 The kinetics of exposed Si fraction with realignment time of insitu SEM result and simulated results for 30 nm NiSi film on Si(100)
substrate at 600oC, the fraction of exposed Si phase equal 3.0%
regarded as initial time in (a) and (b): (a) simulation A to E groups, (b)
simulation A, D, and F groups, (c) simulation A to F during the early
stage without shifted time.

✓ When the fraction of HAM grain between 30.67%~56.70%, the
simulation results are in good agreement with in-situ SEM results.

6. Conclusion
The dynamic microstructure evolution and
kinetics of agglomeration for 30 nm NiSi film
on Si(100) substrate at 600oC was
comprehensively investigated combined insitu SEM and 3D phase-field simulation.

✓ Phase field simulation reproduced well the agglomeration process in
polycrystalline NiSi films observed in in-situ SEM.
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Fig.8 Microstructure evolution by agglomeration for 30 nm NiSi film on Si substrate annealing
at 600oC: (a) simulation results with orientation field, where different colors represent different
orientations of NiSi, and black the Si substrate, (b) simulation phase-field, where the gray
represents NiSi phase, and black the Si phase, (c) in-situ SEM results.

3D
phase-field
simulations
revealed
agglomeration mechanism: the differences in
interfacial energies and grain boundary energies
caused by the misorientation of NiSi/Si and
NiSi/NiSi that are the main driving forces for the
agglomeration of the polycrystalline NiSi film.
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The 3D phase-field simulation combining with
experimental
information
(the
orientation
distribution and the mean grains size of NiSi grains)
reproduced well the complexity agglomeration
process in polycrystalline NiSi films observed in insitu SEM.
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