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Abstract

Tetragonal-NiSi (010)/Si superstructures were calculated for studying the interface structure using
density functional theory. The orthorhombic-NiSi was changed to the tetragonal-NiSi to be matched
with the Si surface for epitaxy interface. The eight interface models were produced by the type of the
Si surfaces. The tetragonal-NiSi (010)/Si (020)[00-1] superstructure was energetically the most favorable,
and the interface thickness of this superstructure was the shortest among the tetragonal-NiSi (010)/Si
superstructures, However, in the case of tetragonal-NiSi (010)/Si (010)[00-1] superstructure, it was
energetically the most unfavorable, and the interface thickness was the longest. The energies and
interface thicknesses of tetragonal-NiSi (010)/Si superstructures were influenced by the coordination
number of Ni atoms and the bond length between atoms located at the interface.

Key Words : DFT calculation, Orthorhombic—-NiSi, Tetragonal-NiSi, Interface layer

1. M 2 3tAl¢ NiSie EEels 4dgAle]=  (titanium
disilicide, TiSiz2)%t ZYLE AIAlo]E (cobalt
disilicide, CoSiz)Bt} & <A o] Heotslri4]. J
<o NiSi¢] 4 ¢4F4E& AN A 3458 3
74g 437t A983n 9o Y. -C. Kim $&
laser-assisted local-electrode atom-probe (LEAP)
& o| &3l NiSi/Si (001) +=Fo| Pd 927t H7}
B NiiPdSi/Si (001) (x=0.05) *+Z& |ATF3td
[8]. o] AT+ Nii-«PdiSi/Si (001) T2 AHA 2
22 Pd ¥A7 ¥4 (segregation)= &= AL B3

24 JALE (metal silicide)s HEga 2
2 44, £= AY ¢ Mg A7 4
8 ultra-large scale integration (ULSI) 7]&¢] A}
B=olem Q1] & Aerlel= BFA FolA,
Y#A 4deglAle]= (nickel monosilicide, NiSi)¥
2 A3, F& H4t vigo] (barrer) 43, ¥e #
3 e, 3 HYE 22% 59 °fZ 90 nm
o]8te] ULSI o4 FES 2 o}2]. 3 NiSi &

complementary metal oxide semiconductor (COMS) o0 o] d3E= Pd 927 83 (buk)e]l &
TEAM A2 (source), S#|Q] (drain), Al°|E A s 1\}1 Az Ao HBHE A Bo ﬁ:ucq%
(gate)®] A &L ZAAA nH 225 THEAZ HAEgoE AL BoZT )

T Ax B3] #Haol, Al 1 €& AN (first principles

s e T
| BRIl DRUST AN B calculation)& ©o|-&% NiSi/Si 7+&¢ AW |17}

(B Mot SHT WM BF=2 1800) 823 H3ith D. -H Kim $& NiSi®] B2 72 &
2 B2 D|UYSE YEIEI3EE o]-&3te] B2-NiSi/Si 2AAT=Z¢ Pd 948 X
a. Corresponding Author : yckim @kut.ac.kr ¢ AFE Budads7]. o] 4= B2-NiSi
i A I £ Si 0D A% %A (epi o
1% A AF 1 2009, 4. 9 = 3l epitaxy) HEel 57 9
AAFREE 2000, 4. 23 814 tetragonal TZZ W= olok slny, P4 Yz}

377



J. of KIEEME(in Korean), Vol. 22, No. 5, May 2009.

7t Aol EASE Ni 942 Ao H@gHE A
o] A AN 71 A n Basich
&A1 gk NiSi¢] B2 & (q = 285 A, CsCl structure
type, space group Pm-3m)$} orthorhombic +%
(@ =518 A, b = 333 A, ¢ = 561 A, MnP
structure type, space group Pnma) ol
orthorhombic 727} olux] #HNA tjL o4A
s8]

LEPHFE o1& A4 IS+ Vienna ab-
initio simulation package (VASP), Cambridge
serial total energy package (CASTEP), Wien 2K,
Monte Carlo 5°| it £ dF3E A4t Ao
wev da] ALEEHI Qe VASP ZEE A
. B dFe duviA #FHAAH ¢S (AR
orthorhombic-NiSi& €3l Pd 918} 2L &
% A7 A7) Aol orthorhombic-NiSi (010)
o} Si 7]¢e HFF AWL WA

2. AL Y

E d3E VASP 2=2 TH4¥ first principles
local density approximation (LDA)E ©| 83} 48
HAcH9-11]. AHE-¥ T &l4 (potential)e projected-
augmented wave (PAW)o|t, H}e] ulo}h Hejg
A487] #H3 residual minimization method
direct inversion in the iterative subspace
(RMM-DIS)7 AHE-=H ATH12,13]. A A1HE &
F3n Heo] F40] T dPAlo] BAL A4t
# AT E vge= LDA EWHo| A}EE T spin
polarization2 ==X @tci[14]. At8H cutoff
energy+ 500 eVo]3, k-points mesht Monk-
horst pack®|™, 4x1x4 37]|7} AHEE %) Smearing
W32 Gaussian A4HEe] AM4E 028, smearing
factore 005 eV7F AMEERIT. ALEE  cutoff
energy®} k-points mesh & A4F A|Z+3} A4
@ AExE HA =HG FH gholth

#H# 39 orthorhombic-NiSi¢] a ¢ ¢ £& Si
71%ate] A HEE 8o Sie] FHA A4F
9} ot3o] tetragonal-NiSiZ HHF F, b %9 o]
Mo M oA ¥RE YA} Tetragonal-
NiSi (010)/Si ZFATFZNH Si ¥He Si 947
Hde] matd AW Fxr g2, oM B
A7 8 MY Si EHFF tetragonal-NiSi
(010)8 HEAA duiAE ALsigizn, 2 Az
e HAHe AHL FAAT

3.8% 3 3@

Tetragonal-NiSi (010)2} Si 7]@o] dH g A
oz wrESA L tetragonal-NiSi (010)/Si =3
AT+Z2E 98 orthorhombic-NiSi¢] a%} ¢ %9
Aol ZtZ 616 %} -1.36 %2 §3F E= 24
Hojof @l ¥ 1€ b 39 Yo W] wg
Az A3E BAgF p 29 Zols}t 310 %
FadE 3204 A o o, oz FHAA FHF ¢
A&9 . Orthorhombic-NiSi Fzx¢ ¢ ZHz
(-55.02 eV/unitcel) Bt} a%} ¢ %) Zo|7} W
tetragonal-NiSi 72 (-54.85 eV/unitcell)7} o1
A BFNAM f BHASA, Si )@} oHY
Al H3e UM tetragonal =7+ ®r}

]
g = \I 3.306 A
(100 %)
~
E \ /
B 3204A
! . \ (86.9%) _/
W -\ [ ;"/
N 4
sam L "l-ﬂ".
30 a1 32 33
Length of b-axis [A]

383 1. Tetragonal-NiSi FZo4 b Z2] Zo]
¥sto] w oz W

Fig. 1. The energy variation as a function of
b-axis length in tetragonal-NiSi structure.
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Fig. 2. Atomic arrangement of 8 Si surfaces. The
atom size indicates the position of b-axis.
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