Chapter 8 : The nearly free electron model and the tight binding model

The electronic structure of solids is usually described by two different approaches, the nearly
free electron model and the tight binding model. Their primary differences are as follows:

1- Nearly Free Electron Model (NFEM)

This model considers that electrons in a solid U (x)

are nearly free, which means they move in a a—s> X
weak periodic potential caused by ions in the
crystal lattice. The potential is treated as a

small perturbation to the free electron gas,

and the electrons are delocalized over the whole crystal. The model is particularly useful for

metals and simple metals where the potential is relatively weak. The mathematical approach is
based on solving Schrodinger equation for a free electron gas with a weak periodic potential
treated as a perturbation, resulting in forming nearly parabolic energy bands with small
deviations due to the weak periodic potential. In conclusion, the model focuses on the
delocalized nature of electrons and the influence of weak periodic potential on their motion.

2- Tight Binding Model (TBM)

This model assumes that electrons are tightly bound to
———

their respective atoms, and the wavefunctions of ./

—_————

neighboring atoms overlap only slightly. This model is  Enersy

overlap of
¢zand b,

more appropriate for describing insulators and

semiconductors where electrons are more localized. o & > &
The mathematical approach is based on the idea that Jrone
wavefunction is constructed as a linear combination of Y [\ A, | /

.‘__, tunnelling ....._ tunnelling __
atomic orbitals (LCAO) from neighboring atoms. The - | S— P

overlap between LCAOs leads to the formation of £ oo £

energy bands that can have non-parabolic shapes, V=61t Py F 03

reflecting the atomic orbitals from which they originated.
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only equal at zone edges (degenerate points)
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is the total potential felt by the electron on site |m> that is produced by all other atoms including the atom at site |m>


Now schwdinger o4 el YW ¢ (9>
YW waaknY ng‘ww «v\j u,s\‘»\j YD = éc\.\\u\> , We deb
g Hmlny = ¢ 2 C \M> JMfof-f[j by <nl
" bo Q.\J bhe wobny
S <nl Hw> Cu = & écw S"‘t\“‘g Aemewhs Hum

- S
Z va\ CM = 6 CI'\ — CU
w ,
weed Fo %o/ bl wabnX elesmentes —e il
NoWw 1
LM W | Fomian ] ek et
v SV whee T e e
H—:‘- \T"\‘ ™ + J:\:MJ - (\NN b
o | - Jhe Gl
B lwmp= (rravi) Iy + 2 Vs WD 5 wew ¥ jw/b
— J ke Jwhar PY0
Tyt D wibh ol
| Vi m>
(n )W) = iw <V\\M> 4+ dnl JZ:\““ \

Cn\Blw) = Cab Swm 4 <ol ?—,\:M\}J]‘M>
Y u
AN Sf\c \ L 4”
' l‘gwt.e/‘b\‘”\ w b ‘c\“’\f
No , \“4 Wzw , M% “/j f.,}.m\,,',f v! ol ‘21'0“ "

Qﬂ\i—“)w\ - eon bhe W bW
I 0&9 \0\'~g P oSy ‘Cu :?‘.S &M%M qwl b‘,ﬂ_

' \
'S a&ﬁ‘f)ﬁ OM §1~\°4

Savwar



N S AR S AR S

J’*M -'k/‘ 14 W*N Hbffc‘n) . ,\’, W%

e Fraunshion q\ufl.‘MIc (ow :u«
- Now, Fo a.goo/q@wx;m\/@ 0\&/\(“”"‘ Fo \Mf &w\:. :‘/\{nt(;hkt
We Can  aglume iearedt eake Im> e Q'cv;wg s
\ . oke b ‘,
n et',\llav \A,offle > 1€ \V‘,> ’:r.a.)o"“ , W\:i":
 ln-wd 12> o hotPeny . U3 v "\“/PM

’ alrows 8%’
bL,_ppM-“»(

w3
\]D )‘ I-é V\:M Mw’: ' “V\
So <V\\ 2"\’\}\)‘]\M> - L I/{" W:\Mt‘ arp‘u’ ‘o
V o

’ ’ N4 d ‘/
. a9y 0
e ok D \""’J ng MWJ o, ol:\\orw«‘x ::M& %\“
dw/vmh X \""“ ,\' sas}u\ cqu/“
&w\o\n \phween gve\es AW /\ ™
w + |
oM &w away "

&, is called on — site energy

\'\ = ~¥ %o
0 -t e - 0
0 0 .. .
? 0 -t \io -
( \ Voo -t to


w,


Now HMﬁCWI ’?“(3) tnko (QJ) a\y‘cl U‘:‘“”j C \ o ( Ran
ﬁ ) Weae

éu\ﬂh Cw = ¢ G | | Ran

oy Ca= U €
O Gowshan b ‘{

é [ T Swm - L Cgu,\,...‘ +SV‘/‘*"‘3} Cm = 2 G, v o1 T oM

% Cn -k ( Chy « C»,..,l) - Lin
C kan Yoa (2-1 ‘Ra (1) i lRan
Lo, t(-\r‘:e‘ a )+ 5 , |
S

-
-

—

. - el
\w o To ) T
W L\ . Raw R ) P \y
‘c/, ¢ (e e ) - ?,/

¢, _ 2veslhy = ©
o Te- ¢ -2bes(ky ishers (u) EJL%

X on eddon R
W how 75 one f’%w ﬁu' ¢ _G, VS

Noke L
So theve 13 0\"% o P ‘ Ag‘o )&
R m AN
T - % - - 1/6 o4 ( % § | F2L\

'\»J Sl 2k - (2.9

- M t for large enough 1D lattice
ba dWldth the differ ergy betwee th

highest and owest allowed lev |W|hb given band ‘a\.\ kSu‘w]L 0~

N\m\v\)) fLW W\J we
aoowm, we gyfy Zc/v\"

Now‘a MUM)
b \:lwke‘&, bl \“‘"‘/m

biyger 1€
NV @Wff; aV\j l\}

one Cohit eo MS band

b dW|d h

j,Lb‘ 4
SIV\O/\ \'a,w/
’\ oot RN 6\«N{)¢

> Sow ae

o~ 0 mwﬂy‘) ?/a

lllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll
occupy a wider range of energies.

A narrow bandw llllllllllllllllllllllllllllllllllllllllll
cccccccccccc

hghht p{a rg b gdhltg l\)/\/eedn atoms.’ ’ % a}vm‘ C S@“'Q(' V‘_J



bandwidth: the difference in energy between the highest and lowest allowed levels within a given band

A larger bandwidth implies greater electron mobility, as electrons can occupy a wider range of energies.

A narrow bandwidth often indicates localized electrons and less conductivity.

In a 1D lattice, bandwidth is 
independent of the number of 
atoms once the system is large  
enough to form a band. It depends 
on the hopping strength t between atoms.

band.

for large enough 1D lattice
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Recall that the # of available 
states in the band is N, which can
accommodate up to 2N electrons

(parabolic)
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This is theoretical prediction of the TBM based on non-overleaping bands. However, in realty, most divalent solids (like Ca and Mg) are metals due to band overlap

separated by a gap 


\oavu/' N MM
N L AN
o H 7 bﬁw CMW@,(( Ca“\u&'

\ o, M exﬂvﬂ"\o"&) / :
/mtwfﬂm X \’M"g (e ¢ -%

\Am We @’H“% {,

bands - \w&wx W boteom =

b uppr o o B 1S

oo e ] i 4"”““/ |




The Sl expsnin for o bishs— binkiy J
“{{ ~ W oV pafownc ML”Q S f)'\/&mL_'j

E(R)= ¢ _ ge e (Ri-R.)

'wa,rw )

Now C’“SJM"V\) o'ﬁj weavegh - \nc;gLLok \Aof/’ﬁ J "/(0'4

> >
|i(k3' kﬁ wLm :S a Vetor Cownesbing

o gvon  labb, Q Sthe 4o ovc ks weatgl V\ctjwao\/f

~ ﬂo\/ Mgm (a/é().‘(z {?7-: jjdaf\ N aua/{ )Q»-: i‘aj
D ely=t-t (¢ ‘M o rhea gt k)

.-rﬂ

= fo- 2L CG/Skxq +G/5k3d)

- {u\/ Ar\"‘“P/C'—-— C«/L.z lakbiCe, rF J:"(/{Jg

() - ¢, - At (&JSkM —t—&o'}?,a\ + (O }?za)

B }q[(?erl/Jukk #/ we J\‘S Cu(f ’L;:Y‘\MI\/6\’0V\ “’% Lah//ﬁﬂff
\vx J\ALMM:( J/\a\v\ A‘@ABA‘@»w ﬂwA J.‘akow,‘c S?uan

| abbi(e Lk on-sife emerdis tA and Eg,nsz/t.«reqj

| need to go over problem 4 in HW#6 to make sure you understand how the bandgap
forms and how to determine its magnitude for the 1D diatomic chain of atoms ABABAB.....
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‘ﬁlx\)‘" @ma{)tmj Demy,: f] % Shated !
we a(ﬂae/lj f-pom/f '61'\4./1— b!flc DOS 02 nll LJS For &So\d

n J J“""Wgaug Wa.S

q
o ~~— & s&—=> & ~-~9

d
D (i): __@_‘ 1z /2 kol- { L= MG

Sv D,(i - 2l &,i_ = 2L S .
2A R ,Vhil ~ \Vki/l
Now U, €0k < %_{/_ = 4 2k swlka) ,a =24k s (ks
D (%) = 2L | L © when

R ks - N
Aaksiles)  Rak || CS(R8)  ghnllen)= m‘_(m)
\

A - T T N S VR W

*e " Aat \/ O
= ‘9\(4«)?} 4 ' %—g‘
M’C‘\{'__\_—/L_::{;—)—L

v

N ke b\l\a/{r D»CV) S 5‘\"‘3"\/\@“ (ao) , wL.cM Go__;é‘)_ =

= Zo—L = 4] = G- = +2%k = ¢:=6¢%tTs2tk
B

—

Ve T = %-12F qw/( €+ - €, + 24 m lu“f—
"L\gw;(w Pomts whee DoS J"VW?IJ




1 WM wmude wLeM ol —,

| 2t

p‘f‘\ux /\) Vak\;‘o\[t

f 2 swaulertiy
( f

2
:

Now \Avw WU 317»‘/“5 alNt «”a{w'; te-2b ¢, +2b g
bbven & -26 G\M.// ¢+ 2b
Tl 2 SO

. -7
j\t - ? |+ _ilt M»Gznso(ﬂ

Jo ok (2=
gb.(%)t Ka‘c} s

¢, -1k

.—K/-» ~h9fl
_g -k =>
L g pecaede 5 e ©F 6= "/7;
A4 7 - -
\/ | = Sw O s O
Y “ z “'\4"“‘ ¢z E1Tb ’>, 67:'7‘/2,
,zl\ t
~2L go{g _2L g 4o
- K“ - Ka\
K/q, 'X/‘l« L % ’Q_L— 5 WL(/VL
Q-_E- Z_K/ _ ("‘/1)3 - % /8 L-Na
a

Please go over problem 6 in HW#6 to find out how to calculate DOS of 1D diatomic solid with two
different atoms per unit cell ABABAB....
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