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We develope « ccheme which allows to treat electroni'c

properfiec of ordeved and dicordered allege, their— .fc:r/ace(/
(nber facesr and overlayers From a yurbred pornk of .n'!«/‘
on bhe ab - (ni'tio level.' The  cchewir s

(1) deccribec etlectronie statesc withiy ft'rr/-pr!ha;p/(.r rB-LMTO

() includes electron correfatidns within (SDA

() Faker n€o account o fruae :cm,i:’nﬁh{f_ﬂ_j:d_mc_ég.j, Lor

deccripbion of Jurfncer//}.éerﬁaccr qad awr/ayer.r

(1v) vier f/yhen'm/ /wz‘em‘:'a/.c/ but the nm-(/yheméd /mrz’- of

charjc c(cm'/'!j e taken mlto account Fo Adercribe hekhdviowr

of electrome clore to the tarface (Surface berrier )
(v) cu«p/ayex the c’l’ﬁ/ eud il 7eqer4//'zqﬁwr to /"ﬂlﬂmojfkemr
(ychme [rke Jarface.r/ o deccrcke Aevorder

i) relakivitht effeck Cen'ée. mclyded via r-TB-LMT0 metlod

IU“I'/}N'HJ feature 1t the wte oF GF forualicm Ineveiable

for treatment of ditordey aud JYurtfaces,

Devclolmuu[- o F compukr codec o solve ({eeh'pnr for

realt'the (ychme n ualeparabl/c /Mf'z‘ oF f(heory.



LT’B-U’ITO METHOD FOR S0L(DS: features ]

\

1. Fixed bagsis set : minimal basis possible as

in ern/ofr‘/'-m/ LCAOD method

2. RSA = WS cells = WS gpheres (no interstitial
{pace )

Potential: inside AS - spherical LDA-potential |
outside AS - tonstant (E=0) potential |
tommon for all elements (transferability)

3. Separation of structural (latlice) and atom -

dcpem(ent‘ paré_c of any 'OIDENM‘W‘ (c.g. H)

h. Intinite number o9 LHTD baecis Sets (repreden -

t-at"roh.r) ; alloys , open ftructures, surtaces

5. Relirable de:cn'ph'on of “melals , Semiconductors
and incylators for energies T 0.5 Ry around
chosen energy of iqterect ( tenber of occupred

bands, Ep | miqdle of gap region ,etc )
2
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[DEFIN{T!ON O0F MTO : x-REPRESENTATION ]

L=lm rn"r'R

- ful
T, ) | x;aie

I< . “
@m(’k)=9-’)m(§)+0’m Q?Ql(fg);(nonzera in own AS.)

ot | 952‘:93;?31 s solution of SE jn atomic sphere
at R evaluated for £= F,

2In ¢;L /3t r  hes correct

r* o cuch that

RL
value at Sphere bmn@zry

« 72 o . of "2
- « “ [ ? A e !
| hm,ﬂ'z' '(cm‘fvm)‘ran' b’ + (A )RL Sm,m’ ( )u y

§550(1-a §9

o
~ canonical structare conrfant: depend s

only on the lath'ce type  nob on atoms on
(t and lathice conctant

S

RL, R

X dg - Jpea'{l;'u 7f'ren CMTO - represen t4tron

: | « . .
W pberetitral part of 7, ( vauishes In

RL
ASA)
A
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1 I I

ol X , .y
c-Evl_A}r —pwt‘cnha/ parameters  which

characterize ccaltte ring /nroperf/?r 0F indiyi —

dual atoms A t"éey Adepend  on letlce conclent

& _ _p2/pd X_ > A g . . =
e, s, e Ere g |
P(E) ) 721(5)7‘l*/ 1

” P, (E)=
1-o<P(E)/Ev ) Do, (6) - £ /

Ao

.PO(

Yinr /r= AS radiug |

Potential paramcfcr; are determined from

. ;
first- principles { net fitted "like in |
Cnnpi'r‘l'c‘al T8 mcH)ad.} in sef manner (LIDH).

Ph,,x;'ca/ Meam})y of ?;L (F) :

Pci[E) oc coly ?m("} y Ve, (€) - ,&/Mfe Thi




SUMMARY O0F BAS|C PROPERTIES OF
LMTO BASIS SETS

() /1:L> depend on lathic L‘y/n ~ via ST

(i) {xdnﬁ depend  on properties of atom u'z‘h'nj

at te B - via Ipot‘c_ni—:’d/ /Mmmefcr:

(i) localizatron of (r/l;> in real Jpace and

A

overlap («Z;'ﬁf}l“> vary with LHTO

reprecentation ( surfaces ')

(v) evaluabron of (1;[ X”[ Z:'Lf) /e Jdtrarght -

forward B praducd- of struckure consfants

and  radial in h:gm/s (adwnz’aje ovey LCARO!)

v) variehonal principle perturbahons &d4ed fﬂ/?.’

LMTD ek can be ’H.:'/Med/ +o /u%'cc/ materia/

anA phc{n'cm/ prevlent oL néerect
©




[HAMILTONM/V X OVERLAP MATRICFS IN ASQJ.

3 C K & LDA
et, o’ ~ <Zm. I’ln‘z’ ) fu Rt (ZR!./ arV / Zm'

0% (14 4% )(a~/,+f) H (14 h°¢7) (47 B (1+6547))

UrH)ogona[ MTO-rC/ymem‘qhbn: Xo, = el r =07
) L]

J = dagt byt (no overlap) s*

el Rl

72 S-o) ,/2-
HQI Rl = RL J:Q:z w 4 {S (1 ﬂL jﬂl ry ﬂ'l.,
{ ¢ \,
levels widths divtortions

(i) Factor (I—OLSO)-ff'mporfanf For < p-clates

[BHNDOM ALLOY A B, ]

A
X, ... X

* dom : X .
xzclawz, are random . TN "

s? is aon-random for cubstiiutronal alloy s

CPA avcraﬂf'nj o f 4(?-)=(2~./*'H)-1 ;'mpo.ru'b}e, n

orthogonal MTO repres (off-cite divorder)
[ $¥i¢ random] F

L

() Structural (§°) % atomye (6a,t) features Separated

|




COHERENT POTENTIAL BPPROXIMATION

Soveu PR IS (1962) €09 Ve/r'cé/a‘a/ : ﬂ/?_{ﬁ"{/fw) ;24; ‘

Kaplan(émj / /foaker/'cc cud (Quorkere

ﬁulh'p[e, rca//f,rr'nj Loruweals's m

Ewmbedded clactev methood y Jajmqkd (pace forucalsm
7
Recoreron method ( clucker ¢ffect o z™7 , drf«—(ﬂf{'ﬂnt/t}f?)

randem

O O 0O e techive

2 O 0 0
VR (O O O. > — O OO non - ravddm
:AIB O O O aver g O O

cont

meddtum 2 ()

OO0 O
OOO“'(’@ )
OO 90 O

¢ GO

O O O O
Jd t Ly O O O
& Q9 O Q

0

"

c, T:[}) F Co T.RB(}) e ho f(ll‘kfl-*lj
. -1
@ 2 - )y (vE- I, )]
(v Tw) {1+ § (326 ( R
T (v, R}){r bt Q™ fal
(PA e:,ua.h‘an br 2Z2(3)

&



COMMENTS :

() Equahon (s relaftd fe a .r:'ny/e o't R
(o walbierfe tcatterings)

(i) Won- lineav equahon tor ankunown I, ()

i) ZR(H I wm,)/trl cmrylf—a&/unaanb
Re{(” o Jewd ChitF due O dt'corder

™ ZR(” ..... dau»vp:'ny of (fales 4«:. to dicorder

(iv) CPA 1t cxacf in

1. [Jow coucenfrahdu limit (¢ *r Ca ™ o)

2. Weak .rcxfkn'ui [Iner 't

J. Iph.{"- band limi't (M/Mm/cl /M.udr)

Fircg -principles alley theory (LDA)

Winler « $focke ( ¢t )
Jlesabon (&a,uﬁb «h[e)
(rchh'w'l-:,}

KKR CPR : éyorH?  {hcke ,
[ivermore ¢ Dak Ridge,

Staanton, ¢ ‘n berger

LHro ¢P4 . /)ré_rcu/- d.//fr‘aach

K



UPQ FOR TB-LMTO HAHILTONIAN: 3 Jz‘cpJ'J

14t

Trans form exactly to non-random MTO reprec /3

A L (2) = 7 A3 A /3
R 77 A, ) ‘fnrz' J:.L, F f'm,n'z' () Mgy P

3 P4 /2
20000 A ={(Pl)- $° )fmg . m},umf F(Cy 1, 0,)

Ezf (2) = — random §ite -d/'ajorm/

/

hon

3 .0 _
521192' 2{8(‘1-[; § )jm 27 ) 6-’4&." ﬂL ﬁ) random

Non. random B =g —canonical: 50“(-')- - Ewald S U bt it
3 RL™ N

| — (k) N
(examplesy = B, =(A B, By) - most Jocalized : $ ‘Bloch

nd _ only site-diagonal
2", CPA averaging of g,(z)—-r disorder (like WKRCPA)

coherent

<3/g(2)>=~( .7’(/;)-3/3)4 ') = f’ﬂe)

RL patcnhal function

Set of CPA- e?qahon: to be solved :

(i‘) - 0, (z) +[¢ (3)] D, (})— {(J (2)- S (k))f

B A lP’ 4 eJ A)r]
__ P -2 7
X(? (-1l (?)) +(1 x)( (?) ) [ cubic [attices

(0




A

|

Transform back to M‘i’hogona/ MTO repres
{G(z»)}

/I ® M %) = f(?’A'A

3 1
. |
i .

3rd.

4
A £ i S oml N T -+ s riacy .

A s, B A
= A ® &b+ Mg f?)>m,2f,_f 1,2 | where

' [}

a,s

A .
§ ) — detads: PRBYL(1990)
p. #5115

[EFFEC TIVE HAMILTONIAN J

Gy, - fC1-H"w) ] vhere

Ri A /

HCF:.(?)- (’(;)J ZN ”f,}){&({oz(i)\?)j ,(e)

Ct?),A(a),g?a(?) ~ non random coherent paz’mz’-:'al parameters

renormalizing random petential parameters Qu, 4et, oy

C
.|!‘t.

Emp:‘r:'ca! T8~ CPh : only Ccz)-> Z(#) dcz‘crmmed withia (PR}

,1.[2) aund 4l2) —» pl 4"9

J- Phys. Chewy. dof. {
¢ 1§
[SELFENEMY with respect to He J §9iee) 349

' ref -1 ref VCh host
(3 = - - (2 . oH = H H sor
Q00 o = {117 26) }m,n’z' j S
eloied
re r tor
z.“_' (k) = }J\LL' - HLL’ (k) - {(4("’?)) ju_' (G(kci»-‘

Z() (s k-dependent (not (/'t’c-ﬂh'qonq/) 4/;‘/7Mj/,

?Gﬁ') i arte~ d."djwm/ {k'f"dcpeml:n{-t'n £TB "CPH}
L

|

|

|

|

|

|

|

Z‘el Ql‘(?)- ?J\Rn J:L ,Ql ,2 [(4‘(})> ]ﬂ[ .?," tfprfﬁlm i
1 XL |
|

l



l CHORGE \rnfcmw/.rrmch7

Charge dencity in random alloy Be 8-x [Cf’ﬂ)

7 zw;,;,-,;{zf/f (€4)/ fff‘)ﬂ' (4=4,8)

and (eubie Iymmﬂé"y)

P, /5/6?) -
OﬂVL (E):“?)-{ = /m (P [E')-_QLA(FHO)) 5‘,7{/"" (Wfﬁ"’»

qL,2L

A

o A A -1 A 73 =1
@ (2) - 7 E[(/”(»)* §e) /M , Q- /f’a)-/ﬁﬁ»j

o , -
And ¢ (E4) 1c the tolution of redial (£ jn A
'qu the LDA f;a/mém/ 4 /4/)

V(4)-'*-—-+ f/r_(b) Ao + A, (17/4/))
sct LDR~-CPA LooP L-th => I -th
o anl . N t)
'fqzi-)»‘w P [cea RN s
< f’ = solver | = 52('/’ R no = >
P solver ” () q (++ —
R Gl L A
;'+f)
p‘?((»z, F) @ (1+1) nexi
_ (%) =
= Yy /&,g)/ ‘ [o0p
D tu A 4:{4

f



Detarls of ¢cf LDA-CPH [oop :
(r) Z’l‘3- Zag (PA-1DA riterations
{ necther (PR — F(2) nor LDA- V) are
colved &l cef i a 7/'1/:14 ey j |

(1) M:‘r:‘nj of old /new /) necercary 0 preveat

(DA
mrx

{ eCpeerally delicate: alloyc cloge to  Ferrs /nctab ]

pcefllatirons ([ d('/{’r‘jfncy ) Y A few Vo of new

(i) LDR [eop can be termingted £
Sl avelll <& hr eech 2 e(o %)
S| P%e)) <& for cach £ auad & = A8

§ nQ(»)// (g Por <ach 4 el0,6%) elc ...

(fv) E- ;'nfegra tHron for nq?(fv) J

) T < T V.

Emin Er R WAVAVA
_ Bl )
S 2 § , “in Er
——,—_ m
(omplex (ourouv analytrc decouvslubion

(nic g rab'ons / /3 haclk fo real eri's



vy 3rillouin ~zome /'r.l;ﬁ{7rah'an :

1. $tauderd (reﬁx/uf mech , rage, ZLCiLfQ/ZPdVﬂV?(.-.}
2. Surface - lthke: bulk

1 I s Y 1

3. Weyql- type (Fact [HID CPA )

{w') CPR equation :

Vg
We cofve (PR tguahon Br cohereal imptevactor (62)

ratiier than for coherent poteatral funchon VNSY

s 5 -1 ¢ lathcer
— ¢(3)=“('Z y’)(*)__ S-A(é) ( cuhbic 4 ¢ )
/ L Vo [( ) jLL Lez2 )
_Q4[9)= j’A(;)_ [,gs"(, - ( fntevractor)
L L i /
| 5% - A VY N S A
f (?)"-;Z ¢ (72 (z) ~ {1 (3)) ( C7A tfaez‘:'ah)
B new A A -1
V) =, - [Qf%}j
Thic form st (1PA (;ﬂV{rftf i each Cace with d}:’.ﬁq:f
tx

CPA xelﬂcom/lrémnj [¢ reached It 9//.0.4(:‘-)//<£,
Pr each 2 fl'mw/lLdl?(II{J/y with (DA

.([_/'.") ?or.rr'bz'/f/y fw Je//c'ouf/'.rz‘cﬂ(y witth re.r/ru‘ o the
| Chos'ce oL Vf“Vadi/'\rQ(ﬁmric mccfrc//'/? m AL )

/L



iF’qST LMTO- CPA METHOD @ Weyl k-;‘nécyrah‘onJ

Akar ((a¥2) : KKR CPA, Aorikocov ¢ al (19497) ZHrQ CPA

?erea{ed /82 /m‘eﬁraz‘mn in each LSDR - CPR [oop

(¢ the mott ﬂum<:rtce//:j /Ltmqn&{/ﬂ] /Mré ot m/ou/ebmc

o' (2)= [[(70- S f, d¥% - central gucutity
4 4 1L for LEDAR K (PA

loncider « (ef of é-/oo:'m‘f ﬂh} dictriha fc’o{ uni'formly m /32

IU= [im

N oo

fk,) — I- #{J(k)a/%

1
Vo=t

5™ =

 Monte Carlo : convergemce rate to I ¢ Y In
' /

o p q or
Wey | ks nk - [nka]  (=vg 2, k€ 1BZ)
| = irrational
couvergeace rate fo L o YN
Bacie trick : |
qu'r contrngously ('mprawd /)7 a/d/'nj adArtivoae/

k-points without rera/ca/qh'nj previoys one
(n)
D (3) = (I- ) B (2) + 1, {9 (e)-\r(é)}u

15



5:'mp/crf chorees :
.(1‘) rn= //ﬂ

. w
(Y-, =20
" S,

Un=f-x" (&% 009) ., [t Wpet, 1= 1/n

/ S”:‘YVJ"I P“/‘ﬂ ) So =0

{mth-:‘nj factor fo get rigd sf bad hichry of early cleps
Prackeal pmcedure. : ‘

(1) Sharkt from (owme guees for ;é(e-)) fay Summing
up hrit 50 E-peintc  without (PRxLDA

(') perkorm [ DA < CPA loop
(i) add few additiona( k-points (1-5) aad
perﬁorm LDAx (PA /po, ZEC

Advan {""f“ /a{{’fédaen{-aje.r

() Hawmerical requlrements Comparay/e to those for
HiC cryctal o

(i) /ar?e number of LSDR« CPR /00ps caa be

Adon e (a//oyr clove fo megnefre ractahility )

((h) wuni'bgrm Aocbrikulss 2 svct M a Avry conves geuce
OF k-~ poin e

A



"1 | : || S E

buoy OF ATOMI WITH DIFFERENT §IZFS ]

Py S;‘ng}c MT- impur:'ty model

= d@g @ P4 or Au
O@pO OO0
real case single MT-model | |

(i) Charge <c (s perfrmed ‘n  <maller sphere =>

overrcreem'ny ( shitt Pd/Au d-bhand downwards Of

hedt (u d- band)

Au) Yccome unoler -

(") Dictances (h okp:‘ng;) lu-PA (Ca-

ertimated (ov?re(h'mqérd) — /U ~wi'dthe _prercrh'mu‘ed

oo (u-rich random alloy
J/l"’/ll"ly :a/;preaeo{ —s Pd/ A0 NHT- ’.'",“”.!J

!? ¥ LT e e '-.'-r,-“.;-:-‘«-,:l-:‘“s-,‘;.-_-_,-.:.‘._, LR A R i

) ovcr:crcem'nj
| n etfechre y (u -dominated medium

Lare : chnrgc ~.rc aledo on Inn (bu/om( CPA) or M

enlarged Td/Au ~dpheres ( peeiible iu’ﬂs‘ﬂ.-,.neut'mlﬁ&-.)
(1) latti'ce dictortions Jtromger —> finike probahility for
fan Pd-Pd [ Au~Aw pair |

Ve account éppNZI'MU"tly Lr beth eHecky i'n
TR-LMTIo-CPA

s




LALLD:I Cays Au, - ordered , djcordered , with (RO ]

The pkab/!m ref«u're.r the ro/«h'éh aﬁ_ rau'_/)/e—;{-— _5/5/“4?.7—;_

on four :'nfcrpmcfral—fny §¢ lathcesr => [q,s Au Iettice

. o ’
'-Sﬂ’;cc decam/'oWed into four \S'/J"c (ﬂ(/ds 72,34 W")

Rt R RU, R ta,tu, Ca) A
Ve solve 36x36 CPA prab/m; with sublethiee -W”"/‘f””‘.[' | o

concentrations C(«): §=0u, Ay ; %= (4, &, fu_,ﬂtg
3+ S - - |
; 6 (Cw) = 19—5 Se (0,0) i the

“lt) = 201-8) G (am) = 1232

ctu. (G;.) =
LRO para meter

$=0 = dreordered a.N ”"?r y

ardered Cas Ay
& | '




e

LALLM Cayo Auyr o oraered , dicordered | with LRO ]

() Ordered (uzAu alloy (no [attice relaxahons)

(ryctal Gu/hw potential parameters tramcferable .
juct tcale thewr fo accoant fov difference w“ s, Pu

and  w Y3 (4o g radi’’ ) - Anderven

,, . (i) Dicordered (uy.Au, a/loy (¢4 cPa problem for spd-LHTOG )
Ve Pcrﬁorm calalations for model withoat aund

with lattice relaxations

(iir') (tt;rﬂl(.zr “//"f wi'th LROD

X120= S Xfu‘,ﬂu* (-5) X (u;rﬂuu; X= ('/4”,'/. S -LRO peram

The problem }'efu:'re.r the tolution of coupled CPA egs

on four :'h[-crpencfra{—fnj g¢ lathcer  => [I{,J Au lettice

A, Fec

A, §¢ (,(I“L 7,2,3 4 0r)
' !
2‘,2’1’ ll'

decompoied into four Y ,
_ r %l//?“ Ca; (a, (u; Al

Ve salve 3b6x34 .CPA problem  with cubletbice component
concentratrons c‘a(«): 9=, Ay ; o= (u, b, lu, Bu

e DT Tate ofgSie Dol Semtirng e s g S ann o et b ot ..:5“ e i

+S -S :
€, ()= 3‘7 ¢, (cu) = ‘!T,"'“ Se (01) /o the

LRO para meter

Cu ()= 2(1-8) Gy (Aw) = 1222

$=0 = devordered G, fu,. - §31 = ordered G ; Au
/9




LATTICE RELAXATIONS

Hiemateh fa <izesc oL afoms —s Jocal a(r'.rt"orz‘rbh(/

di'tlerent bond*/enjéﬁf in rendim alley s

Modele — e xpen'm ents

o semiconductors metals
d
r .‘.‘.,Uoovtrr";" Bc T '-0‘.'7 BB
s ®* ~ .-".-' -~
P N T B
// . --—__,-/'F’-.'_—-
7 i ~
// < - - - .
/.a-.-"...‘... /../q---o.'."..’
AC lz=- . AR = )
AC conc —> BC A coue —>» R

—— full relaxatron  (conc Andept  pure ¥K -vmlues preseriied )

—mme N0 relaxihvan ((fear tone Mr:iz.h'o_n/ all lrond¢ same )
" aeae gy,erl'ment" (E‘,Vﬂ F — req!l rraatiron :fn he Fwee n)
Remarks |

L] ] ' B /
(r) in metallie alloy: 44 x (d”d“)/zx [

heth fer exp and fnlly relered model

4% dm)

UY) Ir are modt relevant [y §-r;
-rich cace
€, e fhe -

for d=A are 4P% Luu N/!cr'dfy a 48 1mportent
(error (n model for 457 hac lece fmportance )

AA 2 AR BB 2
N cg N x 2€4Cg >>6/V x C, for ¢ c8

J



Modelling ot lathce relaxafiond (T8, TB (HTD):
dﬁﬂ hdqn
0ff- dlhj&h&/

e
\ 4 an l p
[__ L ? [ hoe di'corder
¢ ®

B B8 B 38
4 h

q . [
SQQ' 1 now randdm/ emﬁszahm de/rﬂm’ma‘ aud

approximabions  4are /neviba kle ;

C’.) ll'erMI.nal"Pol.ﬂl' appraxllﬂ,téf/v”
o« «, g’ dependi M'/7 - In &ccqfuh'ﬂ:r
6£ﬂ, =2 SRQ‘ oF R/IL’-$ not on all :sza’g A

(i) ncglcc{- of any aq?/c dictortrons — clote packed

« 82’ (0}
[ X ' AQ

/
- dowur

S, o )\t? Ry , ) non - rasu
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