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light Binding el
- - Basic Recap of Molecular Tight Binding
Hamiltonian :

He molecule Hamiltonian : &&ed>·

↑
· The WF of the system is a linear combination
·f e 15 orbitals (10) = ~orbital factor

193)... B

197 = C19) +C(9)
-> Calculate Co , do veing The variational Thi
<EX :min 4) Ca +CHertz Cala

32 ,(B) <414]i·Total TopCas
with <P119) = foo (and the others equally
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↓ (1) : [Hijdj-tE Fijdj;- Layangian , Fare Lagrangia
multipliers.

:Eijti)
-> Co (Hos-(X) + Ca(osTop(E)) -

&Ci S

# EF .=e # : erb)From matrix equationa =O

~ (. b)/) -- () +-
-

Secular equations
det [H -e5] = - = Has-(E) Has a(E)

I IOHoa-5) BE

Eyes with Hasapewrite en
and Jos = overlap Grif orthogonal

basis
Cai = FCBI D + exited state canribonding)

S
O -groundsimte (banding)

** -
, 4. : (191) + 19>)

↑Met Y = Co (10) - 191)
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Tight Binding Model in periodic crystals
-
Most simple case : 10, identical atoms
* When a (lat constant is large a Fat(
arms are far appart > No interactions,

recover atomic energy
levels

.
Call degenerate)

· Closer a >20-2 + rat-> interacting - bands
~V(x)

a

--t
. z t -- to E Ez

e * & & & & ① >
x

fa

↳ micea
· Natomic-like potentials at lattice (ii)positions In = na

* Do is The orbital of a single atom (ex 15 orbital
Jt) .

With
energyEn (when a to isolated)

- We assumeDare real, and nowdegenerate
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-> We will use The Laris [Q(X-tr) 7 To build
The crystalwit

-> NoteThis is an incomplete basis set !
↳ Assume is are othonermal

(D) = Smin [rotation
P(x- z)]

· Write crystal Hamiltonian in the basisof atomic
orbitals

P.19 =E. amite
energy

(a) , depends on lattice
constant

&I *X = J negative , Do
nearest neighbors hopping

</dif menk
· What in ? H= Hat + DU(r) , where $8 (r)
curtains all the correctionsto the atomic potential
necessary to recover The full periodic potential .f The

system .
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* We know The potential is periodic . The solution

has to be a Block Fate
.

We can build a
Block WF inThe basis of atomic orbitals :

iktn

: (x-t)
· Let's proce

These satisfy Black's The

x +m)= xit
- inte

->multply by 1-e" * twe
↑

iktm in(tu-tutEn = tritu (2 . r)
-

&Ze En -Entm) =

N

ikta En

=e &() QED

* Note : Block sing wi different to are orhonormal !
-> Energy dispersion of Band : E(K)= /P>
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- ika

E(k) = z . - Yeika -Ye = E
.

+ z(cos(e)

·In
- 4/2 O "Ye

expand toane order anormal k= a
E(x) = fo +20-Ja k= E

.
+20-

kzk2
Em

Where effective massm larger
210/a2 hopping,

smaller effective
mass

- Tight- Binding Hamiltonian as an operator :

1

H + E./]
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· Uring ~ Block um*mp(x-
we can calculate the dispersion :

Im

#)
Jam

+(19*& + 19"p)]
-(

= E .> +Ye
· [Eo +2020s (na)]1)

*In The 193 = 10(x-t) basis, we canwrite
as a NXN matrix Consume Vivrea).
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ex : Ex

:Tridi,amatrix
·

many physics problems can be exposed as a
Tridiagonal matrix
·
mast general form :

m B .
, B2o
B22

·

assme
m in eareI

20 Br &...

1.i By z

* Suppose we would like to determine(
(Ne will see why later ofm

- /for a in positive
B.

or negative
&

J- directions)FB
X

-
See Grosso-Parrav .

- -

SecI
.4 .

Z

· Continued fractions :
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->From 10 To 3D

↑ Still 1 orbital per atom
Black Orbital (same butnow ti Ru

- (-)
For the dispersion [Ch) now we have E = Clex, ty , is

S

Jame as En = np +-2) -

·Ex : -C (his do it in 20) · R =
n
, anaj

k- (2x , +y) (Kx
,Ky)(e) ---
ika

= ()= H1) = E+Ve ,eik
-M
-

· :-(n- )x )(n (n+1)x t =(k) =E . +20((s(a) +
⑪ ni, = (a,

I cos((ya)]
-

Ma-EntatEn . -En=(0, -a) Plotalongthe ScBZ !
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= 15 By of C

With high symmetry
lines

.

-> X

-- Path in 2 De M+X-Met

in 3D we jusTadd an
extra cos(za) Termit
The sum

Path in 3D + p + R+ X*M ,+ & (for example)
-> write a coo to platThe Band.

1--

- 1 orbital in In , zp, 30 willruff

always in a single hand
.

But when we did
The molcule (Hzt) example we obtained z energies!

=> The #of bands - of orbitals we wee to build
our basis.
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