


Tight Binding # : LCAO

LCAO =Linear combination of a tomic orbitals
->In The

previous lecture we strelied the T
.B model

in The cases in1D,2D and 3D where we have

only-atom per
unitcell

.
The solution is a Block sum

of the form in

y(r-Rn)
-or tel in the basis

Cex es orbital off)
- etom per vital

-> Whetif we have more thanatom per inital
like in The honey comb lattice or Zn> (Zinchland)
or diamond ? Or , whatif each atom

contributes with more than orbital (sp, -p, up
hybridization) ? Or allof the above !
Core than atom per unitwell, more than
orbital

per atom) .



1- Simple case : Zut , z atom/wa , beteach
with onlyorbital (ex Sorbital)

ikRu-Block simo :

ce Cr.= 10, 0,) iRu

=(1)-
-> The crystal WiF will be a linear I

combination ofG , c) (like we didin
+

problem.)
Y =&+ with

Hiz--

Serkregi-S -O

:J = Hiz

H = Esta = Es -Not dependence , No NN of sameatoon !
↑z = -E ( it int ind i

Tere) : Hie



with do =(11) ,e. Citil) Vete To

b) de(t) I
· General Theory for LCAO Method in crystals .

-> In general, crystal with I atous in the
basis

↓

j, = Rj + By Rj-jth primitive a
Re- position of

atom I

of The basis in UC.he (r) - Hamiltonian for isolated atom I with
it's uuclever at the origin .

Correspondinghe P
,
e-je) = Em &(e) in

Note : Amel9me = Se
,e

H= Aut + Hint : Hint-very small we diagonalize
Freing perturbation
Th



-> The crystal unperturbed Hamiltonian :

Ho = [he (r - rj ,e)
j

-> The unperturbed WF will be Block sams of the
atomic W

. F

&mid
-> The eigenfunctions of # (H =HotHint)
can be written as 1. C of

min&
=> =Eme milk

To calculate The eigenfunctions& eigenectorsf
wewolve variationally <YnIHIYn]

= <E]I -
sams as verval

,
like Hat [P. /Pr>



We make use of the fact that Block fus are
orthogonal , and arrive at the secular equation.

-Sam See)Crie() =
-

↓ only if all overlapsarezere,
Secular

eg .

otherwise we
carry overlapmetrix

* Matrix elemente HeH
me, k

↓

Sizeof This matrix (MxP) + (Mxp)
m = 1 ... M (Hoforbitals pera tour
1-1 ... - atous inThabasi)

Joe know VC) and Im, e
we could evaluate the

matrix elements numerically (integrale in a 30grid)
botwe will consider a semi-empirical "version
Casome the integral to be parameters inefitafex Bandstries



Aamptions in Semiempirical TB :

↳ very localized orbitals, to overlap inzere -G
Matrix element-i

: (Ye-Je)kH CDC Dr(
iRj)r-)H)--

= 0 Fe
G

* In This step we Have climinated using
TheTranslational symef The lattice,

"
Forting By = a

always at the origin, this sur gives afactor N
which cancels the it
* the run ur over firstN.

Nonly (ingeneral



↑ Express crystal potential as a sumof spherically
simmetric atomic-like potentials. Vir)

J- )
ml

5 .: H() =Ze
mil j

Flj)
- Fifm +ZjgVCr) & (r-r-Rj) dremej

S

.. (
↑

&me(i) =Stme() VCr)Pere) = Crystal-
↓ field integrals :

potentialfraa

I

I



* for Rj = 0 = interaction within the u .
cell

,
IENN for a lattice

with basis
↑

· for Rj70 we can consider N.N, zoNN ...
(NN only coupling here) - in a lattice with basis Rja , its ande

Hur) =EmSmZeifr)VatTur

P
Even nur over NN only

=> We can describe these integrals with an small
number ofparameters.
· say we have s , PrPy g

erbitals at(a)
and

& Clx , ly ,(g) - components of vitrectors-

from 8 To R

· We have parameters :

S()(r) dir = Vor
Sorbitel Spherically Sorbital v
·m site (0,) guie

alis
Signe band



Seir) Van D -R) pr Ppx-
P & &

depends on the Pr R
X

signof ex

SV-R) dr=Up
e

&

bandcomponentin component

Upp o Uppe
Ppx Py By

-
R

9px
C
re both la

, by to

J&P (r-r)drlx y (Vppr-Vpp) be rangers.
J&px(] Ven Opy(r-R) = Calg (Vppr-Vppe))
· And so on permuting cartesian indices



↑ Example - & P orbitals im FCC crystal
. Gatomyall

·Start with sorbitals , Block som is :

=) (witha
origing

En==Esein
in Unn

-EstVoore
Twelve N -

N im FCC

=(+ , f) ; (),a ) ; (y )
, 4)

So !

Er = Es +4 Vorr(wr(xa)cor), o
"cos(for(



· In a given direction
looks like The 1DTB band.

· How can we plot The dispersion ! Choose high symmetry
directions in 3DBZ , plot It lives along these directions
· First calculate R

.

L
. V for Fac

a ==(1)) : an (y) ; a= (x) ,)
- -

&
j

= na ,
+ n2an +za

Vall =
Wa b

.
= (/ )

45 be = - ( - ,)
by =

: (1
, -)

· Now choose figh Synn .

Points for FCC (see web site
or G .

P book sec #
. 5)

-

M = (a, a, a) - x = (a0, %)
X

= zb .
+ 0bz + by = k=(%)

↳ = (b . + bz + zby =n = (y)



· Path Through BZ

x+ p -
L

↓ ↓

bugth legt E

-E-4Vsoj

Takingv
Estizkss-------I

-

1

X
M L

·
Now let's consider The porbitals

~

& i= etRu &p(u-Rn) Pi = x,y ,zRu Camel only aTom
immitall)

.



· Matrix dements :

#pi
,p= Ep 6. +[ Vdr-R

· Starting with #xx()

#x() = Ep + 2 cs()(con) + card(Vopap)
+ 4 cow(a) corla) Uppe

Z

· We can permutate indicesto getfyy and fly
· ty is obtained in a similar

may

#y() = 2 win (a) in(pYn]
So we
wee to solve the seclared " ·y

It
ig he

iden # fige Hig
Hk
x Hi



· Take Upr>o , Uppe so (VppulD(Vppal
-> plot on same path as -

I

Whde
Ep-<Vppr +4Uppe

M


