The Quantum World
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Case IV: Electrons in a Periodic Potential
(the Solid State)

“Muftin Tin Approximation” (Kronig-Penney Model)
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Back to the Muffin Tin
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Bloch Waves

» Bloch showed that the Schrodinger equation
for a periodic potential must have solutions of
the form:

w(x)=u(x)e’™

Using Bloch Waves
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Region -V =0

(0<x<a)
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Solving the Equations
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vi = oikx ( Ae™i0X | Beiax)

vi =_ike—ikx( e~ 10X | Beio )_ iaeikx(Ae—iax _Beiax]

ypp = KX (Cey" + De_"”‘)

Win = -tke ¥ (Ce™ + De P 1 ye ¥ Ce™ - pe




Boundary Conditions

\% v and y’ must match up here

vy and y’ continuous here

Setting Boundaries

y1(0)=Ae7 + Bel*? A 1B
yi(0)=Cce ™ +De =C+D

A+B=C+D

vi(0)= _ike—ikO(Ae—iaO +Bei®0 )_ iaeikO(Ae—iaO _ BeiaOJ
=(~ik—ia)A +(~ik +ia)B =—ik(A + B)—ia(A - B)

vir(0)= —ike_iko(CeYO + De_70)+ ye_iko(CeY0 - De_yoJ
=(~ik +y)C+(~ik —y)D = —ik(C+D)+y(C-D)

iaA —iaB=yC—-yD

Boundary Conditions

\Y y and y’ must match up here

v and y’ continuous here




Setting Boundaries

vy (a) - e—ika (Ae—iua + Beiaa ]
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vy (=b)=—ike® (Ce_yb +De™ )+ yelkP (Ce_yb -De?? )
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Solving the Boundaries

» Using a bit of linear algebra, we can get the

solution:
2_2
Y 2;: sin(aa)sinh(yb)+ cos(aa)cosh(yb) = cos[k(a+b)]
Take b to 0, V to
cosh(yb)=>1 a? << y?
sinh(yb)=> b b<<a

Solving the Boundaries

* Applying the limits

r’=o? sinh(yb)sin(cia)+ cosh(yb)cos(ca) = cos(ka+kb)

2007
1_ 2
r-al> szVO i 2;: yb sin(aa)+ cos(aa) = cos(ka)
h
m‘zlob sin(ata)+ cos(aa) = cos(ka)
P= malz/ob W
h P

a sin(aa)+ cos(cia) = cos(ka)




Forming Gaps

5 P M+ cos(aa) = cos(ka)
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Band Gaps

« C 54eV indirect
- Si 1.17 eV (1.11) indirect
* Ga 0.74 eV (0.66) indirect
* GaAs 1.52 eV (1.43) direct
+ SiC 3.0eV indirect
To the Effective Mass

» The group velocity is given by:
ypoE_TdE | 1y
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+ So the acceleration is...
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Finally...
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