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MOTIVATION : curtace disorder occurs r"reywné/y
- dicordeved [incomplete awr@yem on <ubsbrates

(49,74) on Ag(10) qases on TH tarfacec /-‘4,"“’-/7__”.")
- J‘urﬁa&: d(lrardcm'ny ; (;‘J'D A gy {?&/) |

- Surfaces of TH a//vy; Q/Zh nout - ak/'/orm -wmﬂow}/'m
(W, ’Pé) or (G, M) [ow- tndex curtaces

- sem:'couduclor Inter faces /(u/)er/a thieee: (die] ((4, /‘/j) e

Electronre structure 1t _f_ey_ fo microvcopsc anﬂr(t‘nnd/'f)j

AlM: develope clectronic theery of yckms  wit-h
d/'.fordereo{ fdr baces //'m‘cr fcesr which |

- Starts frem fLirct pr:'nczp/ex

- JSeminhbnite JQM//C 7(0mzf—r‘y

- deccribes ro//'ab{y coOncen fration Ereandcs

7o thre end we cembine
— T8-LMTO to deccrs he electvon (lateg

— SCF method within the PL concept

- (PAH to include dicoraer (f'n/wmofeneau.c CPA)

_ LSDA to account f(ov tlectrou correlalions

— Empty cpheres (v deccribe vacuum



gSTU'DIE]) SYSTEMS |

random ,
/0 000.000 overlayer ‘ (DA
®® o0 0
oo o ¢ non-vrandom Cand %
e »L subftrate - ,
*' (PA
- A-rich Iaa,er' _
B-rich /atfer
e oo | @ A-atom
\eoooe /. bulk—a-lhg
XX . o TB-alm
‘e [eyer com poli tron
A |

Basic 4/9/or'ox1'mal-f0n (in addition to LDA« CPA):

Sample {nhomogenu'éy in conjunction with LDA
and CPR implies that each /aycrf Aas

Arfterent properties and layers are. coupled
tcach other — w JSet OF equatrons

Surface-bulk approximation: only first N -top
layers have different properties to be  found

selfconsistently, remasning leyers ha ve
bullk ;ara/aerc‘/'es

Typica Ij concentrations /potentials drtfer Lrow
bulle ones in few top layers for metallic syckems



L(‘KEEIVQ FUNLIIUN_ ,

[0 facilitate vimultancous treatment oF

dicorder and curtace we Evanclorm Fronwi

original (¢) to new(p) LMD reyre.rcﬁfaﬁop‘ .

ORIGINAL ~ fo, | NEW = fBo, = /3,
G- - gl (Pl N7
TR AL st a2 Pays(2-0)/{a+(1B) (L))

% s°(1-4.8°)"" §%= §°(1-p5°)
- off dl'ayona/ dirorder — srte d;'qionq/ Adisorder

- like §
- /argc tpatial LkuR-crp  like

extent of ¥ ~ shortect fJ‘N“'})/C p
{patial extent of )

Basic trick: we perform (PR averaging /
inl'mducc surtace fn_ﬂ and Frna/
reculbs trenctorm hack to phycical p

u::’nj .rca/;'nj relation of §(z) and f,/?z)

%) 7 73 A
l(i = (} ? 7



COHERENT POTENTIAL APPROXIMATION

]

afier averiging

::.Q o cont OO0 D | ,
<’ o: : > =) O 00 ?} S (s reckored
' o 00D '
bee o Y S o000 /
Ao 3Boe ) effective potential
., pO0D DO O 00O CPA
cn(O‘O)f— (| O @ O :(QOO) :
03 (czoo) ooo0) Cfualron

CPA concept dpplied (o each [44€0 in guechon (:'=/rl;-- N)

3 A
J? (3) = (}:?3—)> + [P'-AI?;)" 2?‘;)] @ft.(*)z F;AI(L;) - .'/07/5(})]

S8
% . A 3 p
B e L3 (O ) { Ty - ferer 48

(7:-/?2-) — ¢coherent poétn[’/'d/ tunchion  (non —-random)
delermined from above coupled (ef of £qc.
( coypled via b5 (%) ) |

Proper bred  of ﬁ"/-;(;):

- ti'te diagonal complex  Funchon

- hen dr'qjona/ with respect to orhital index L=fm. due
tv /ouem'nj ffmme!-ry at the curfbace (balt?)

s

—~N



PRINCIPAL LAYERS (PL)

Localized nature of s~ allows 0 deFime

nai—u.ra//y PL whrchq 1§ revy ucetul /v'a/./o‘

delevrmine /fcyer tF (T8-tnroY)

Del : solid s d:'W'd!d- rnbo PL(p) cuch that 0ﬂ/y
nn PL are coupled by g7 [cite oA~ dia-
gaua/ /)ar!— of pro bleny y P z{/‘ej oual/ onue )

A A /2 A
S = 73
Py S XP:?*’ F Sy do,4°1 ) SPP * o

(bulk §$7 are attumed )

£ _
Thus on/y J;:““)/ ng(é.): [S::{(,”)] A/{y Aeccribe

our {yikm [a‘ha{ SA’M/ \fﬁ’ao;[,f /5’“’]”L br DV(r/qycr]

PL includes | to few atownc /qerr defen d1ng  on
lathie type, Cample face x spetial extent of ¢’

Fxample @ fec (001) , $cc (UM1) ) bee (110) —>  PL= [ at leger
fec (o) , bec (Lo0) — Pl = 2 alt. leyers

fec = 1F mn, hec 2" wn r moch- localired HTO repres,
Rewark : € p-th PL includer more abmic legert)
¢3' in the (PR sef ic a cuperdiagonal

clement- oF ,é:n ,

-
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P.1— S« '—Soi

S0 | Po— S| —So

~S10 { P - S0 -Sm
-5 |Pr— Sw| —Su
~S50 |Ps— Sw —Sa
—S1 | P~ Soo| —Sar
~S1 | s~ Soo| —Son
-S| Ps— Soo

semi—infinite intermediate semi—infinite

vacuum region bulk alloy

Uueerk : P = P6= . ?bulk , Bzl ])“g




LSURFHCF GREEN's FUNCTION (SGF) :'

We defermine S4GF cmp/a«{;‘ny removal invariance.
principle (RIP)  avosdrng k;ra«//u/,c of bulk 4F
aud nct’uu'!y ok ",_‘t'n/-cgmh‘on oF'(‘orref/rot;ré{x'u}
Dyton cquatron (cleavage per!-ar_lbu%n method )

CGFE by dchnibon re/qk(‘ fo rdeal cukcbrate, e,

all /aqer} have (denbical /araperl-:'e.c

D

B, -y ¥
ﬂ g (k“?’) ={ﬁ76}:) - Swﬂ(éu)" 6;7(&“)%/3?2‘3) Sf/;(é.)j H [

Rewca rls:

BT
(i) delteoniichut €fuatron  for f (b,2) 1t colved

I'l'cml',-yc/y n complex eneryy - prlanc b lloweot
by deconvolaton to rexl aeiy  of the eud

(i) §luple aud ethechive é//trne/—z'/e__ bo [ayer-

4oth:'nf, (RDT) and RS-MIT {-wh:«?wr

(f7) derves 4 a4 evact /';aah‘/y Lo {f;q/}/['ﬁy

crpreccious for interfaces

~

/ ‘aper(atfrices, e/c .



JQMMartﬂ :
or:g,'m//y nhnite prreblem ('q PL— (ndices (3
reduced to a tinite spe ey Sarfaee &'E

Lo deterihe the dfewmet'intinite hulle / Vacuum

P, —5
1 » —So1 0 0
—~ 510;'501
) Pp — Sy —So1 0
0 ‘—510 P3 — SOO __501
Py — S
0 0 -Slo 4 Oob
- 501§,51o -

surface Green’s functions
l;,” and yf are found from
removal 1nvariance principle

?’(\:",a) = [Py = Seullyd - Spul) -

-1
.g)ul,)ev Seo (b))

_?U—({("),}) = [j)v(?') -_J-Oo (l(”) - \f(p(kn).
’ ?V(k,,)’?‘) \rOf(ku)]—f



LAYER-RECOLVED k- INTEGRATED GF:

=L 2 {16t %P ={( {Zw})

i "

(V) depends on all .Z,’ relating them via a et
of coupled /ayer-(‘Pﬁ Cquqtions
(1) centers alto LDA part thud maé/'nj necessary

Iink of both (PA and LDA

| o
LAYER - RESOLVED LDRA-POTENTIRL VP (ry - «=8,8

o of, H o, eX gL

e L5V s V) e 22 MDA,
g ‘pole
— erieal art of (r) manopa/e x dt p
‘L‘/ih /Q 4 F terms of mulfr polc-
/! el 2dacy fzu S TR z,— Ly cxﬂcmnon of p(r)
v - wmono
Y (r) (r) dr = Z° =0 |
% { f y ( ) FP 0} {=1 dipole
4=
- =0 LL
QI" £rom fbp (¥) QP from ¢ (%)
: v lants
M:L are inira - and inter-layer Hn(a/uq? con
" clet interachon of mond [dipa cherges

deccri bt'ng
(TERATION LOOP:

o, out

d, In - £
v, " Icm]:;»o? =——®-’> v, )



WORK FU N;C-T'l ON :
iy Clean Rg (00])

theory 4. 78 eV (precent) |
W34 el (FLAPY: Yurf. Ve 243, 317 (1991)

1. 95 v (SEGE - PES .3'},' fr 02 (1188))

experiment : 4.2~ hé4el (corface roughnest)

=> 207, yacancles

Mode| : ’!amf/pq/yer’—-//'éc

4.5 oV

Dipole barrier = &Ag+ 10 £s (9Ag+ FES) |
- f 11- 72V

T o=
Moy =0

iy Clean M (9¢()

theory equilthriam : F83eV expanded : 5 4/ eV

(A9)

Cxper:'mcni- : J' e eV

i) (Ag, F4) Mer/ayer on ﬂg/ﬂdl).

increee  From 4.78¢v (clean Ag (001)) to

expanded 74 ./M/)

monatonic

F6reV (Fd monaleyer) —



Density of states larb. u.)

kl (ﬂ/d)

culosl)

— I~

T




Density of states (arb. u)

kJ. ('IT/d)

o

- band} 7
structure |

1 6 -(fZ;%'

Encrgy(fyl




Ak, .E) (arb. units)

“neck celanlabonc: hulk’p

celailehions

o-

. - N
.7
- . -~ ~
- e .

1(ll-._“ r

-08 -06 -04 -02 0
Energy (Ry)

o




R o e e i e s S s o mn wen o g 7 mp ee e g s e

Tk

Intermediate rejion : 1 Es ¥ overhycr + 2 “whitrete /cyer.s
SBZintegration : 21 .r’ccral k,- pomts | R

Layer-resolved DOS e iotel 20
b | ---- 4q LDOS |
Pd LDOS
‘Ag,, Pd_, on Ag(001)
- SC
2 ov
=3
=
g
Q . sl
—
1 1 e b
0.75 -0.55 -0.35 -0.15 0.05
| Energy (Ry)
e

[ o e et i s



lntcrmedfdii: reg:‘on; 2 ES + 3 <ubstrate layers

£81 :'ni-c:,rqh‘on : 2 special k, - points

1

LDOS (arb. units)

Layer-recolved DOS B

_- clean Ag(001)

1 |\M~L"—-—-
-0.75 -0.55 -0.35 -0.15 0.05
Energy (Ry)

I A

b

wsenee . A C

i
i ]



LDOS (arb. units)

Ag, Pd, on Ag(001)

sl

! ! -~ b

-0.75

-0.55 -0.35 -0.15 0.05
Energy (Ry)
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ORDERM/G 0/\! SURFACES: &’u (oo/) c(zxz) 7,{ L

LEE D orp 5‘0/: /’d C'Nrrqye c{zxz) /mhfern me:[

Iwo po:ub:/zhet

(i) [ui’a{ \rurﬁ'ace. a//vy | (u) 7’:( m/ar/ayer*
(Ium t’-ev( £o {-0/! (‘qu/g /tycr} ' '

Rewark :  &iwsilar cace-rc Aa _cfovenvc on Cul001) o

Dl]namz'ca/ LEFD calasla Aon —_ ‘rlurﬁa.ce :e//#y

ARPESC —  swurface alley (Pd- indaced -,Ccefare:

Stmtlar ac ball Co Pt )

New approach : PRI 69 (1e42) 204

- we .riud:! the .réaln'/t'l-y of dk'wrdercd )9/14::{' ~ bty Py
and P, Vac, overlegerc on b Lo0r) frwards the
formakon of brdeved phace

(Q"M/qy to M¢Jv;¢h'c 1adhbilifes ot Alk) - g, hec

f)c'ama’mh'c Cr — anhlrrema fh-ch'(_ ' Cr")

L7

= prdeving 1 Shudied in the fremu of effechre 2D /N_'«j'.

Wode| couctruched frour ca rreipouding  ah~ruifro

elecbromit shruckure witiin the lQPH

- )9 —



im s T

H z V | f oy A | s'_k'_; y 'A‘L.i o 44
| | 12 7;2 72 ;) VHE = Vﬂn_f + sz': ~"”Vm'z"'_-'" ,_VR‘_: R
e w E‘ . - ] 7_ . . . N o i

lVRQ = 1IM£’I’ {t (2)} :(})ll [2)%/‘,‘2(\?)} dé- wa
- N ?=FHJ . -n,d

f;{ﬂ - ov:rla7fr crg *""4*”(" '
- 1‘ (R 2) :
(f :(3) -'-‘}" [(Z ‘ (ku ‘?') (R(R & onr/ty!r)
, ' n K, ' o |

i . , / 1.‘“R
—-— e /00&, L‘f extrema of V(k,,)= g VOR (4

() mayx {- Vi) =0 —> no ordeving

(t'i') Max {_‘ yu“)} at £:=/I,/) —>  efix2) Ntt’ln‘nj

14

(k, - 2D uw/o,, o & lt'h&_:-’{-z, cpeciaf 'pu'nt‘r)

Rewark : I/,,,_ ep Lo l-th chll were dehrmineo

F P ]

Valuee of ¥, for forel faw chells

Vor= 651, -059,-0.36,-0./2 [wly] ... GPd.
Vop = ~19-74, 1.38,-0.39,-001 [wey] ... Peifac

Qewceyl: the Jaue lfcuaaucy. o [nan'qj { [¢£ va

louu'nch'nj / ) ket ;7/‘( 2~ «rl/rerk/‘rac/t;ré



Py, Vacg, everlayer on foc (004 Cu

maximen ot k, = (0,0) | ORDERED STRucTuee
- UNSTABLE




CuSO ?45.0 OVerlaJer' on -j?cc (004) Cq,

MQK{@Q% a,‘E rk" = C” O)

STABLE OR.DERED
STRuCTURE

~ V(i)

3Ly
o=

= (ke 1ky)



m“' s *vr‘ Cum-) ove rafuf b]”‘f"*’f’"
I'Ohl DoS F‘r cletm. G(Oel) St

- Cug, Pdg, on Cu(001) - Pd,, Vac,, on Cu(001)

] i 1

LDOS (arb. units)

075 -0.55 -035 -0.15 0.05
Energy (Ry)

,075 -0.55 -0.35 -0. 15 005
,E Energy (Ry)

) LI PR
L " [ D A :"4." 2 ¥y AN
A ST ;-:.“,-.-:z'ﬁ“;a‘.’m.a!bufﬂqw
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MONTE- CARLO CIHOLATIONS 0F SEGREGATION .| -

We <tudy <cegregation ju _&‘4-;: Wi, (001) cz/(oy.} hated 2iy

ah-inrkro /"I'ﬂj model derived Far ‘2.35?/4{0/(43.;4:

referevce Mediqwr —  gof bull ‘&-”’-7. :

Details: o r-

- com putational cell coniiche O € fec(001) alloy p/am:.r
cach cou!—at'm'n] ITx 17 atpwys with fcn'od/'c boundery

Condi’'lron [n /dqer‘r /[ darface

~ we start from 2 random confisureion and intercheage

randomlj wo abomse. Their eucrgy Adr'fhrence &€ :
() at< o — fevorakle , reyrecente « new coaﬁz',amﬁ'on

(i) aE>0 — reprectuts « ney cou h'jar;/n'm only 1E
exp{-4E/kT } > a':"/ & - raudewn nember €(0,/)

— thit shp (t repeatd aund the tyckem .a//proac/u.f the
thermo d:{na'uu'ca,l ef¢;7['br:hm /'t l{’ﬁl‘humber ot

in l-crchchu c ﬂtfﬁ'cr’m!/y /uf‘e.

- du.n'n'j MC stepr , two bettom legere of labh

have frved bulk coucentratfion
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LDOS (arb. units)

1 I 1

Energy Ry)

P "",Q(ﬂ o~ ‘-:'-'”":a.. .-"-';-5




;‘-'Rera/ﬁ‘ N He nmulahon: ' fcc &o‘a /V/” /M/)

| [ = 900K

, 1.0

e -
6.5- -T o > o>— - -
0.0 .‘ .
1 2.3 % &5 § #+ &
ta({er:
Rewarks :

() Valuec of ou-srte terme of /J'I"tj
qre decici've ;Cpr ?eyre/;fz‘pu
{r) fld/ lyrnm.ea,é with L:/erl'nua(-

Coucentrahon reag e

Yor and

Qﬂ incl

- e . ey,

//um'//_ﬂ“"‘?ﬂ

sver &/
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SUMMARY S
ot {—hearf oL plecbronc (t‘é‘{_.er |

within the LD A

[

Je have deve loped

]

of d:‘wr_dmd carfaces

cbants «lod to ,'nc/qdc‘:\'
. ’ . - \\

chructare o
cflechH re/y

~ uge oF gereened

emein tnite 4
eneods CPAR «
arioud J‘l"ﬂf(.r ?

surface €9 re’a frown

cometry’ ermply and _
lfows 4 am'ﬁl'ed‘{-/em‘menf \

- .a‘( PP .l'nhomog
of ;Iean (urfated , ¥ £ adeorptron

(low coverage = gilms) and

wge oF rm(/h'po/t er/a»n'on of ch

Lhe surtace grved prope? gescriptien oF dipole
parrier
- /'n tonjunc{-;'on with GPM forme 4 /'Irepret/‘cz/
and er(jcl-fon

' F 0rderf'nJ

for ytudy
Firct principles

hack groand

pheno mena t curfices From

QUTLOOK
Il;o:

- qurface ma”_qh‘rg_n :

m.am,h‘c pverleyes Jurfaces of mi,.a

¢d aud 64 meh/:/ Dirac efqa,h‘m

- _r_c[a,h'wlfh‘c, e#caé_.g :

. GPH: ['nkrplzj of Lhemt'ca.[' X mcyueh‘c /'nkrac/:'o;

- magneh







