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The Multi-Phase-Field (MPF) model uses Grand Potential Energy Formulation 

described by N possible phases and K chemical species, [1]

 Ω 𝜙, 𝜇 = 𝜔𝑖𝑛𝑡)׬ 𝜙 + 𝜔𝑏𝑢𝑙𝑘(𝜙, 𝜇)) dV.

Their consecutive evolution equations can be monitored by Allen- Cahn and 

Cahn- Hilliard equations, given by 

ሶ𝜙𝛼 = −𝐿
𝛿Ω

𝛿𝜙𝛼
, 

ሶ𝑐𝐴 𝜇𝐴, 𝜙 = 𝛻 ⋅ 𝑀𝐴𝛻𝜇𝐴 .
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RESULTSINTRODUCTION

Forming low-resistance ohmic contacts on wide-band-gap semiconductors (SiC, 

GaN) remains a key industrial challenge. Standard TCAD silicidation models use 

reaction-diffusion equations, which struggle with complex, multi-grain interface 

morphologies — critical for SiC, where Graphite-clusters form during 

annealing. Their role in contact formation remains unclear and has not been 

modeled numerically. 

DISCUSSION 

METHOD 

Fig.1: Snapshot of the phase-field distribution at 96s growth time. Inset: 

Time development of the thickness

Fig.2: Focused Ion Beam-Cuts after Rapid Thermal Processing at 
different temperatures vs. simulation

SIMULATION APPROACH – TEMPERATURE DEPENDENCE

MOOSE based FEM simulation build for thin film Silicidation [2]

Energy 

Parameters

Diffusion 

Parameters 

Interface 

Parameters 

Rescale according to the system size, time and characteristic energy scale.  

𝐷𝑖 = 𝐴i exp −
𝑄i
𝑘B𝑇

cm2 s−1.

The diffusion parameters for different phases, are assumed as Arrhenius type:

 

◼ Key parameters governing dynamics are the diffusion constants, phase-

field mobility, and Gibbs free energies. While free energies are well-

characterized via phase diagrams, diffusion constants (especially grain-

boundary diffusion) remain uncertain and were not separately modeled.

◼ Future work includes explicit cluster modeling, individual grain 

representation, volume expansion effects, and calibration against 

additional phases (NiSi, NiSi₂) and experimental techniques (e.g., XRD) to 

better capture non-homogeneous silicide thickness and cluster localization.

◼ Characterization of diffusion- or interface-controlled growth of the 

different silicides Fig.3: Time evolution of the phase fields including cluster growth

◼ Time evolution of 

the Ni-SiC 

interface, 

including a 

random set of 

cluster seeds

◼ Shape of the 

clusters strongly 

depends on the 

initial conditions, 

number of seeds, 

and interface 

mobility 

◼ Calibration example 

for T=1000°C and 

t=120s

◼ One-dimensional 

MPF simulation 

for an Ni-Si 

interface

◼ Physics-

informed neural 

network is 

trained to yield 

fast predictions 

[3]
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  Ω    [ 𝜙 , 𝜇 ] =  ∫  (  𝜔  i n t  ( 𝜙 ) +


   𝜔  b u l k ( 𝜙 , 𝜇 ) )


     𝜙 . 𝛼 = − L   𝛿 Ω  𝛿  𝜙 𝛼


     c . A  (  𝜇 A , 𝜙 ) = 𝛻 ⋅  (  M A 𝛻  𝜇 A ) .


                             D i  =  A i  exp ⁡ ​  ( −    Q i   k B T )   c  m 2    s  − 1 .      

