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Effect of Pd addition on nickel silicide : ab initio calculation
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ABSTRACT

Effect of Pd addition on crystal structures of two nickel silicides, NiSi and NiSi,, is investigated by using an ab initio
calculation. A Pd atom substitutes a Ni and Si site, respectively, to evaluate the preferable site between them. Pd prefers
Ni site to Si site in NiSi, while it prefers Si site to Ni site in NiSi,. The calculated total energy also indicates that the
Pd substitution to Si site stabilizes the NiSi, structure. This calculated data matches well with the experimental data

obtained from Atom probe.
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A7F7F NiSi 2heke] 34 Ex18] A Uelgd 4 = 4
Hel] 2 S5 S A st € P SHHY
Qe o AMo] B EHI 6,7 < Pdo]
A 78 NiSiE Atom probe 2 #4]3}] NiSi W F2}
NiSi/Si A|H ol Pdo] BEE &= AL F&FI}FTHSE).
Ni+Pd=} Si¢] 87} 1:1¢) Ao 25 E pdS Ni A2l
Eoj7le ALo2 FAFEHR Y, 3 NiSU/Si AlHA =
°F 1 nm 572 NiSi, °| A4 =3 Pd F=7} NiSi
YEH o} 3uel Ro] #AHAT kAT ¢F 0.3 nm<d
Atom probe®] ¥7} F3l-5 (spatial resolution)®] gH7|
2 Pdo] Ni¥t+ Si AHg] 5 o= Ao HA| sk X9
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B HFE Vienna ab-initio Simulation Package
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(VASP)Z +&¥ ¥ first-principle local density approxi-
mation (LDAYE o] &3t 8= JTH9]. ARt o] 2
7+2] potential-2 ultrasoft pseudopotential©] ™, A &} u}
AN E A|4FSE7] 930 residual minimization scheme-
direct inversion in the iterative subspace (RMM-DIIS)Z
ARS-SHATH10,11]. AH8-&F cutoff oA = 300eVe]L,
k-point mesh= Monkhorst-Pack®| ¥, 4x4x4 A 7]& A}
&3ttt & ATl A ARE-EF cutoff oV A] 2} k-point
meshe AAMGFe o|H2| 7} & e ez 234
E AUt
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lattice structure)l]l thateq ZH2 ALHS WHE-Ste] U A}
AN AL Zh3 vlaLste] Apol7) le=A) Flssitt.
NiSi®] 73-%- el EA%U= Ni#t Si 7= 42 v
Z F ot} 2x2x2 FRAlE Nist Si °7F 242} 32
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Fig. 1. (a) Unit cell of orthorhombic structure of nickel
monosilicide (NiSi), and (b) unit cell of nickel
disilicide (NiS1,). The dark (green in color) spheres
are N1 atom, and light (blue in color) spheres are Si
atoms.
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Fig. 1 NiSi®} NiS,®] 28 7% 5 B 9F. Nisi
+ orthorhombic T3 °]¥, NiSi,= cubic 79|t}
VASPO.Z AlAHE Nidt Sig] AR Agle AF AL
2 E4E 5 F LdAS12]

Fig. 2= Si 719l A= NiSi 952 Atom probe
AAIZZ, NiS/Si AR-E 7I£2.E Nj, Si, Cod &
BT E po FrHR) 712 S gollA Y2 NiSi 8t
12, @82 Si 7]3#;e|th. NiSi 912 A% )=

i B2 Qs Fr1=2 F338E Ni gtzto g B A7
ot FHstth (B XA g eheA| 23 A 3 B4 3
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Fig. 2. Proxigram (proximity histogram) showing the con-
centration of Ni, Si, and Pd versus film depth. Ni
and Si concentrations are plotted on the left-hand
side, while Pd concentration is plotted on the right-
hand side. The NiSi/Si interface is located at zero
on the abscissa, and NiSti thin film is located on the
left and Si substrate on the right from the interface.
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Y79 Nist pde] 2439 &34 Si 2439 vl 1:19]
5jo] PdS Ni Aol o7t Aoz AGEH Y
NiSUSi Aol oF 1 nm F74 2] NiSi,o] A = 32,
°F 6%%1 Pd A7} BEE YT}

Table 12 Ni, Si, Pd, NiSi, 28] Pdo] NiSi¢t
NiSi,2| Ni A2]& *|gst 7<) Si A& X8t A
2o thek VASPLZ ALK A o] ke JERY
Ath Ni, Si, 28] 3 Pde] iR = @94dE 7|E0
2 A2k grolt), o] A FZE ulero 2 NiSioll Pde 3
7138 7492 x| MFE AL 5= Ao} Pdo] Ni
A& RBsIAS 731l sl ojHx] Hel= ol ¢
Aoz 7hads| AL & Qo) (o AAIE Al S
A EH[131S Zsh) viga)

AEps_ni = (En,__pa si+ Nyibni) — (Enisi + Mpallp,)
Table 1. Calculated energies of several materials. Elements’

energies are per atom, and energies of metal silicides are of
2x2x2 structures

Materials E[eV]
Ni -6.516
Si : -5.956
Pd -6.420
NiSi -440.304
Ni,_Pd,Si -439.917
NiSi;_Pd, -439.340
NiSi, -636.315
Ni,..Pd,S1, -635.352
Ni(S1,,Pd), -637.912

A7V Eyi, pass NiSi 2x2x2 20 4] Ni &A+2jo]
Pdo] E°] kS W& oAAA], nye= Ni DA 7, uy
= Ni 9#}e} oA}, Eys= €98 NiSi 2x2x2 72
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Aoty & ARFNA a3 npge 1010 FRPERI R
NiSi 2x2x2 -2 A Si AF2]e] Pde] &9 b2 w9
AARE 78 4 Slth Nis9] A= 22 Ao
2 A "3 AL S JT13).
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ko 2 2E NiSiel 749 Pde Ni A& x¢ste= A
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2 AS ¢ F At o] AlrbHe A oxzolA ALl
HEZ BEEEY Uil et BAHe JEZS] F3F
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NiSi®] 2% Ni A2l & HA353h= o] A= o FolA]
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21217 AR F o2 o F8e AoE YUENT o
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Aot WA, PdS NiSiETh NiShol B7He = AL
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Table 2. Energy changes with Pd addition to 2x2x2 NiSi
and NiSi, superlattice structures. -

Materials Substitution E[eV]
e Pd— Ni 0.290
NiSi

Pd— Si 1.428
P i 0.866

NiSi, d—Ni
Pd — Si -1.134

4¢ 7é E

Pd 7}7} NiSi®} NiSi, AR 729 eH Aol ]
= 9L olaslr] A3 ab initio HOE Pdo] Ni A}
A& 2@l A9 Si AR E Sk A9 o
=] H3l2 Aabsldch Nisie] 749 pde Ni AHE] &
A&k 7971 Si AR E X3 ZA-FH) A
AANA S8 5tFA 9, NiSi,o] A-9-d= Si A&
2185l Zlo] Faskdc}. 3] NiSi,e] 749 Pd A7}
= o] T2 A3l 713Kt} o] A= Atom
probeZ A% YAFA] Bxo Ut dF A} F
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