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Abstract

In this paper, equilibrium and kinetic surface segregation in Pd-Si alloy thin films are simulated by
applying the modified Darken model under a constrained condition for taking into account the size
effect. The corresponding segregation parameters, i.e. segregation energy and interaction parame-
ter, are obtained by the Miedema model and the CALPHAD (Calculation of Phase Diagrams) method.
The simulated results indicate that the size effect in the Pd-Si alloy thin film is not pronounced.
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Figure 1. A closed system (crystal) is divided into N + 1 layers
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Table 1. Thermodynamic parameters for the calculation of segregation energy in Pd-Si alloy system [16]
= 1. & Pd-Si ARG IRITERHRIESH([16]

75 (3/m?) vV (20 m*/mol**) Goy (Kk3/mol) Gg, (ky/mol)
Pd 2.05-0.000214T 4.29 13851 -1.29
Si 1.25-0.00015T 4.20 82.69 36.13

Table 2. Thermodynamic parameters for the calculation of interaction parameter in Pd-Si alloy system [17]

2. WE Pd,Si AEMEERRRANFESH[L7]

— —
AH gy (KI/mol) AH o (KI/moI)

Pd-Si system —206 ~190

Table 3. The interaction parameter for each alloy in Pd-Si system using the Miedema model [18]

= 3. FA Miedema REHHE Pd-Si RGHREH S EHEMERRK[18]

Pd-Si system PdSi Pd,Si PdsSi PdsSi PdqSi,
1 2 3 5 18
Cpu : C5| - . v vy Taq
4 9 16 36 121

Q (kJ/mol) -297 -276 ~254 -229 -233
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Table 4. Thermodynamic parameters for the calculation of interaction parameter in Pd-Si system by the phase diagram calculation
method [22] [23] [24]
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Table 5. The interaction parameter for each alloy in Pd-Si system using the phase diagram calculation method

F 5. FABEEHERETE Pd-Si RGP SESESHEEIERRY

Pd-Si system PdSi Pd,Si PdsSi PdsSi PdqSi,
1 2 3 5 18
C.-Cq - . A on a1
4 9 16 36 121

Q (kd/mol) —478 —445 —409 —369 —375

Table 6. Comparison of the interaction parameter calculated by the Miedema model and the phase diagram calculation method
for each alloy in Pd-Si system

7% 6. FIA Miedema #HEFIBEHE /7R R SR Pd-Si ZRE R EEMSHEEER RHKAILER

Q(kJ/mol)
PdSi Pd.Si Pd;Si PdsSi Pd,Si,
Miedema —297 —276 —254 —229 —233
CALPHAD —478 —445 —409 —369 —375
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Figure 2. Si equilibrium surface concentration as a function of temperature in
bulk without interaction and with strong negative interaction for Pd,Si alloy
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Figure 3. Si equilibrium surface segregation as a function of film thickness in
thin film without interaction and with strong negative interaction for Pd,Si
thin film alloy
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Figure 4. Si equilibrium surface concentration as a function of film thickness
at different temperatures for Pd,Si thin film alloy with Q = —276 KJ/mol.
The marked thickness value is called thickness limit (see text)
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Figure 5. Si equilibrium surface concentration as a function of film
thickness at different temperatures for Pd,Si thin film alloy with Q = —445
KJ/mol. The marked thickness value is called thickness limit (see text)
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Figure 6. Si equilibrium surface segregation as a function of thin thickness at
1200 K for different Si initial bulk concentration values in Pd-Si alloys. The
marked thickness value is called thickness limit (see text)
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Figure 7. Si surface concentration as a function of time at 700 K for 3 nm
Pd,Si alloy
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