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[HAMILTONIHN FOR RANDOM ALLOYS )

ori'hoffonal LMTO - rfpre‘s

HQL,R'L' ) CRL JRR L {S (I 02’ § ) }R[_ R R L
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RLRL = sz' CJ\u. R/L=fm ... .r:!e/orb:éa/ index

Empty sphere concept = close - packed filling

bee (/2 h fec orzgmr at lattree ,Domz‘s

_becc body—dra onal
J e
50 - canonjcal {tructure C‘onrl‘anz‘} d0 not

depend on [attice constant-
blende  Ax 31_x 4 q//py

fcc(1) @ cations A/B fec(3)  drtferent ES
fec(y) — from AC/BC

Example: - zinc-

fee(2) : anrons ¢ = AC/8C

Unitied description: diamond, InS, Nall, (af
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Potential parameters: X= C, 4,4

| (1) (2)
Xe, =7 randomly X, x) =X, (1-x)

Phyu‘m/ meaning :

Pey= (E-0) /(ag+ jp(F-4)) < tolg T, ()

Pp depend on: - éﬂ,e of alom

—  lattice constant

PP are obtained from ﬁ'rsz‘-pr"l'ncip/es as
solytions of SE for LDA-potentials in

atomi'c .rpbere: centred at R

Feature :
Separab:'ft'fy of Structural « qt‘om—dependent-

parts of alloy Ham:[tonian




[”O,DELHNG OF BOND ~ LENGTH VARIATIONS ]

S% - same for any lattice conctant

CA‘;, - evaluated from LDA - potentials in
therr WS spheres —~> bond /er)gl‘hg

Bond-[ength variations =>

difterences in Ac/BC /’aﬁf’hi clements
via  potential parameters

(0ff - d:‘ajona/ disorder )
Actual : Hodel :

th

dAc/ \ N
\ N/

\0 L

di'tferent bond- lengths different hoppings
(dAC=FdBc) (})AC = /730)
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[THEORET(CHL ’TECHNIQUES]

Coherent . potential approximation :

| -1 dt'ayona/ /0ff—d:'qgonal
<G(z)> = ((2.1— H) > = ( sondl - length )

R N ST AT e e, et TR

Cannot be treated in CPR without [imitations

!
i in oréhogonq/ LMTO repres

| Solution : eparability of structural (S°) [ atom- |
‘:‘ dependeni’ parts (C,A,/«) + trans formation f
. from c?rfbaioha./ £o auxf-/!'ary' LMTO repres |

- -1
G —__—:> } (2) (P - L..+ non-random

| (exact Scaltng Lu{e-dmgona/ X random
transt ) ( CPA qppl."eS)

Final Step: (;ﬂ?)) = (Gm}

(exact J‘Ca/l'ng transt )
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M."n{mq[ basi's Set : | | -
3,5 - 36x36 format
SPd - LMT0's on each atom/ES = of CPA

Use of all érbf'fals : unphysical undesirable

36 LMTO s = £ + ¢ \Subsets) dim (£) =~ 3-4 times less

df’fub:ci’ : minimal basz':, accurate n a j/'ren

E- range & treated exactly within CPAR

¥-cubset : 1ES intlyence via u'mp//'F/'eq’ /inea -

rizqlion  gcheme based on Lowdin

downfolding applied in a suitably
chofen LMTO repres consistent

Ctpproximafe CPA treatment
Properties . _
iy Mo loss of accuracy in chocen E- range
(1) Tbeory provides a way how to choose

df- LMTO repres

(i) &£~ sets in alloys same for AC x BC
%
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Division into L« # gets depends on:

' i, v
(i) Material - elemental A”’g") A“B" ete

(’é) Lattice Structure - dramond; ZnS, Vall, (al

(w5) Energy region - gap, vqlence bands

conduction slates et

Examples :

Si or GaAs: S:'(spj) Si(sp>) Ets) E(s)
(diamond [ Ins)  Ga(sp) AS(SP) E () E,(5)

10x 10

valence «
Jow conduc.

B (i P RDEOES) - qx9, gap
B (20S)  (d(d®) Te (s)

- 6x6, [ow valence

R (df '(d(sd.‘f) F(ps) Es) F(PJ) - B3x13 valence
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(Lxl) bands ;(’C)I ER(k)

Ay & & separahon of €4, €3 baunds | For

+ 4 [t holds E-—(.’L ~ € - € 5

/ .
,Ml(e) = g Inr
E = €pll) - [T(e) o €= Egp (k)
< = haud chitf

Eyp (k) hearly ¢xact Fn(‘f-) does not deicribed
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DOWNFOLDING TO MINIMAL (L) BASIS SET

—

We divide full (poce : 1=+
Block ¢ 0{— cwcnaycd recolvent (4""‘/”;0/‘(‘.”9)‘

<4w> o= A mJ,  H w(?”)w Hor) ,  Gs-L

< 3(%) JL (i (i-)) ,%:;{ @{; (%)
(gm)

(2’ J
m{ ) <f (%J>

< m) ) F (3) + /z n
3 - f (%)5 (f(wx 3 ?tb‘c)
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A A A A
= (P §° -
<0? f*'?m (/z (%) {"‘? Sex mc”) ,,_.)

MEE (f’ ()= Syrne )

, A
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which /¢ nqwr/'c¢//7 dmandf'vtj

(repeaked  cvaluah'on st matrix invercione 3f dim (%)
7Y mauy 3 qud b —vectore )
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Appfou'maz‘e foramr of F;‘f,;c (3)

() we choose the thergy range oL interect for

= Shates centred around the caersy g, where

we need a proper Ae.rcrt./ from
(i) we ftrancborm b a ney repreceatation ﬁ=/ﬂz A&)
| /
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['CHOICF OF POTENTIAL PﬁRHMETERSJ

8 M Approximate bond - lengths preservation in .q//ay:;

dm“‘”‘dsc(") ¥ conit = EXAFS , AxB_,C qlloy
(ZHS -‘A”’BV) A"BY!
Modcllf'ng . Sc pp for AC/BC at experimental

lattice constants Ay, # ag.
( volyme varies //}:eqr/y wWirth X)

Example - Zn$- (dyHe,  Te (aF, - Cde P F,

(Qa-: o-48 190) Qa ~ &5 0 ~ o
o (%~ S0, ppp, T94A)

‘B Lincar variation of bond- lengths with composition :
dAc (x) =d5c(")) Proporh'cma/ //)_?eqr(y' lo x

MOch{ng C Se Py evqlyated ‘,ﬁpr ex;per/'menz‘a/ dx)
~ Same for ACx BC |

More sophisticated —sc p
Choice " Svpercells at evperimental 4 (x),
X=0,02505 0.75 10 (16 atoms/ce)))

Example:  (afy - (4. Pb,_ F, ,A0= X2 4 (1x) 4

3 PbF,
4




ENERGY (Ry)

£ :

(d (sp>) Te(p*) &) E,(5)

Scalar-relativistic band-structure of
Cadmium - Telluride s (9x3), €,= 0.0 Ry
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ENERGY (Ry)

Full

basis sef :
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Scalar-relativistic band-structure of

Cadmium - Telluride s (36x36)
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ENERGY (Ry)

Scalar-relativistic band—str*uéture of
Cadmlum - Fluorite 1 (36x36)
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Scalsr—relativistic band-structure of
Cedmium - Fluorite s (13x13), e, = -0.6 Ry
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Scalar-relstivistic band-stiructure of
Lead - Fluorite » (36x36)
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Scalar-relativistic band-structure of
Lead - Fluorite ¢+ (13x13), g, = -0.6 Ry
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