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Abstract

By comparing the Modified-Darken model with the macroscopically thermodynamic parameters
and the regular solution broken bond-type model with the microscopically atomic interaction pa-
rameters, the direct correlation between the thermodynamic parameters and the atomic interac-
tion parameters is clearly presented. The segregation energy in the modified Darken model could
be expressed by the difference of the atomic band energy between the surface/interface and the
adjacent bulk layers, while, the band energy of different atoms in the regular solution broken
bond-type model could be obtained from the interaction parameter in the modified Darken model.
The modified Darken model is often used for describing both equilibrium and kinetic surface se-
gregation in both bulk and film materials, while, the regular solution broken bond-type model
could be used for describing the equilibrium surface and interface segregation in under-stressed
thin films. By introducing the additional stressed terms in the modified Darken model, the segre-
gation in an alloy film could be perfectly described. By fitting the measured segregation data using
the modified Darken model, the corresponding thermodynamic parameters (segregation energy
and interaction parameter) could be obtained and be used for verifying the atomic interaction
parameters used in the regular solution broken bond-type model. As an example, the equilibrium
surface segregation in ultrathin Cu(111)-5at%aAl alloy film is simulated by the two models and the
results are compared in terms of stress and interaction parameter of the film atoms, the atomic
interaction parameters between the film atoms and the substarte atoms.
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1. 518

RIHmAT 8V TR 7 AR REBIR IR [1], TEAEMEFRICAHE W, ©RECE MR BT
FaE A MR RE 2] [3]. FEABMMEM B, BT AT REMIET 5 T RGUaJEF KRSy, B LA
AR R T (AT AT A EE AR F o AATDO A i el v R T (i b B 5 (0 9 L84 100 2 4R 19 175 52, Gibbs
TS T REMWTI G, 5B E RS8R R W [4]. 1988 4, Du Plessis A1 G. N. van Wyk
BETRER “ R EEinig i T IER S HEA[5], ARl AR A R R MoK, $E T R oK
NIIRNFARE, FERIIRR T RSP S BN R T AT [6] [7].

FEA R AT AS B T B i k), BRI R[8]: 1) SHuARM R, FERER R AT 7 1)
B, R T 2R 1 5 2™ U AR N IR s 2) 48K 2 B A R R AR E AT R
by RS A B ST R AR R TR  — AN EALE, ISR TR A R m AT 25 BRI F R
GUNRVE TR 5 3) RSP 1 S BT A RE R ) s e R B (R AT . BRI, B IR AR P AT A R IA
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2.1. BIEiAE1ER (Modified-Darken Model)
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Figure 1. The crystal is divided into N + 1 layers (0 is the surface layer and N body layer)
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2.2. MNA R (Regular solution broken bond-type model)
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Figure 2. A single crystalline thin film that is composed of A (matrix, blue) and B (solute, red) atoms is attached to a foreign
substrate. The interface and interlayer coordination numbers are Zy and Z;, respectively. Es, and Eg are the interaction ener-
gy of atoms A and B with the substrate, respectively
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ARG RE R NI EHE Eony PAZHE Egress ARG HIRIIL R PLE[12]:
G =Eqy +Eypee — ST (2-7)

FR A AR VAT AL, A R4k 2 memT LUR JE 1 18] 1 A0 ELAE F RE R A -
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NP IDE S (SliBUR AR

n=—log 2, (3-3)
aB
1 N
C, = C, 3-4
o N TIRC (3-4)
BSRS89 T4 1 5% 2.
Table 1. Parameters for the Cu-Al alloy
F 1. Cu-Al A& HEXEH
n Y (pa) [14] o (J) [16]
0.113 2.6 x 10" -1.05 x 10°%
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Table 2. Parameters of Cu(A) and Al(B)
52 2.Cu(A), AIB)AETTEHXSHE

a (nm) 7 m-z) Wag (3 m-z) Ean/Ege (J) Esn/Ess (J) Eag (J)
Cu [17] 0.3615 1.8 1.4 -588x10%° -264x107%
-5.50 x 10°%°
Al [18] 0.4049 1.2 0.75 -492x10%®  -177x10%°

16 TE I8 F A5 250 5 100 D03 AR 7 B A Y 4 A ST AE N VO AL AL T, AR AE IR IA 18 g 4
HIF M R PR R G, T7E AR R A R 7 IS RE 1A PR, BT DARAE 150 1 5 B R T s b
PTis , 10 7 E A — P B IE[19] o & TR B AR AL 85 5% th AR s BE T DA 1 245t A ST LA R )
AT o I VA0 U S A 20 ) 4 ) T A A R A AE AR 2, R P R T R e R iR ) R T
I VAR BN 3 AT (R 2], AR R~ 1 25 AT o

T BB R AT, B A A AT R BREN T R A AR, BB IR E A () ImATTRE AG
HAE W] DO 6 D & ) AT Se IS A IR, ] Dod i AR TR B Miedema 450 A A5 5 [20].
FRHE AT RE 005 X, HIRAT O R B A BAEHEER R,  AG, Rax K M fmfTRE[8]:

1 1 1 1 1
AG, = [E(ZO + Zl) NoE s —EZNOEAA:|+[EZNOEBB _E(Zo + Zl) NOEBB} =EN021(EBB — EAA) (3-5)
[, FHmiTae AG, iT LLR R (8]
1
AGz = E NoZ1 [( EsA - EAA)+(EBB - EsB )] (3'6)

BIER BB TR mITEES, A—ANERRIIESHRETF B EA R Q, » ZREESINE

TR TR AR AR R S 2 (AT AE AR &R 30 o 20 R 1R [20] [21] [22]:
1

TZxN, e

TR LR EE A 700 KB, AS[E] ALARIR FE K] Cu-Al & & i ], L i Pl 2 1) 16 25 i BT 485
o HIRBEEEIE Cu-Al AHEF Cu(ANREIFILFAKX, =DEAMAE Al ARIREZ 27109 1at%, 10at%F
20at%Al .

TS B RS AT, B A SR BIREE . T =700 K I, FIH] Miedema #44[20]71 55
33 AG =18.5kJ/mol , Q,; =-7.6 ki/mol [23]. FIHXT(3-5)M(3-7)F: Enn —Ecuey =2.05x107°J,
=-1.05x10""] W& 3 W15, 7L EAHIRE S AR RO LR P ALY AR B4R T R B i e — RE i
B 45 RAZE AR K. Al IREE AN 1at%, 10at9% A1 20at%Ft, iR i 55 45 S A % 22 40 il oh
0.19at%, 1.03at%#1 4.45at%. EIEIAHE B THEL R R —L8, HIERWEFRTTRE: 85—, FA
THEI7 AR R R % A IEIK BT A P AR RS S PR D S 70 7 AL, R DU V0 B A R A P A o T o
AL BT, UEREERR R B = B R RN R (FE LR 30).

R4 — ok R ANE AL 3B 1 E AT 43

) 3-7)

oG,

A =G+Ci— =y (3-8)
u =G +(1-C )% (3-9)
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Figure 3. Al equilibrium layer concentrations for the Cu-Al alloy free-standing film (N = 9) with three bulk concentrations of
lat%, 10at% and 20at% Al at 700 K, as D for the modified Darken model and R for the regular solution broken bond-type model
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Figure 4. Al equilibrium layer concentrations for the Cu-Al alloy free-standing film (introduced diffusion stress) with three
bulk concentrations of 1at%, 10at% and 20at% Al at 700 K, as D for the modified Darken model and R for the regular solu-
tion broken bond-type model
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Figure 5. Al equilibrium layer concentrations for the Cu-Al alloy free-standing film (introduced diffusion stress) with Q =
—7600 KJ, 7600 KJ and 30,000 KJ at 700 K, as D for the modified Darken model and R for the regular solution broken
bond-type model
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Figure 6. Al equilibrium layer concentrations for the Cu-Al alloy film deposited on the sapphire substrate with three bulk
concentrations of 1at%, 10at% and 20at% Al at 700 K, as D for the modified Darken model and R for the regular solution
broken bond-type model
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Figure 7. Al equilibrium surface (solid line)/interface (dash line) concentration as a function of the heteroepitaxial biaxial
strain (&) at the temperature of 700 K with the relaxation of the solute atom size misfit () on the surface, and at the interface,
as D for the modified Darken model and R for the regular solution broken bond-type model
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