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Free Particle no pcmtential . (any text book quantum mechanics )

Schrédinger equation :

2 2
la) HY =EY with 1b) H = h” 0 LP —
2m, ox~ N 4_.
- k mUl

Ansatz : 2)W =A4 e L Bk

2
3‘:1) Z ‘f _kjllj = 0; 3b) k = ZH’IHE a"{h :-> E{III(‘,V] 60T

X

Energy values continuous 2 dispersion relation
like an energy band (parabolic dispersion)

4) E(k):ii =

m,

Wave function: Plane wave (cos(kx), sin(kx),...) k(108 l;m-u
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[solated Potential well (infinite): (any text book quantum mechanics )
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Solution of Schridinger equation in Il
Ansatz: W = Acos(ax)+ Bsin(ax)
BCs: YW(-a)="(a)=0

Eigenvalues: (discrete)

Jorn=0,1,2, ...

n=10
o on (1 =Y | x
E =E) = —— W = Acos(——- x); A =4a
! b 211:2[2 u] ! 12 a !
n :
E, =E'= (1-5} W, = Bsin(l = x): A =2a
2m a i
n=1
3 2
he (3 3 4
E, =k =—|2.2]|. W, = Acos(— = x) b=—a
2m,\2 a 2 a 3
n=j
o M2+ 2Y 2j+1 7« da
E,, =F =—1]= —|: YW, =Acos —-x); =
- . Emz( 2 .:;J = i a 4 2j+1
h* ay T 2a
E, =El , =—(j+1)-=|;¥,,, =Bsin((j+1)-=-x), 4, =—0
27+l 2+ 2.’?]’: ( I UJ 2%l {-{"r a 25+l .H'l

Series of eigen functions (5,4,5,4...) beginning with
a symmetrical function. Discrete energy values




[solated Potential well (infinite): (text book quantum mechanics)

antisymmetrical

symmetrical



[solated Potential well: (K. Seeger, Semiconductor Physics, Springer (1991) )

Schrodinger equations inl, 1, 1 :
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I: Sa)—5-p¥Y=0;, 5b)f=.2m(V,-E)/h
— Vﬂ — o
! Rt o 5 -
N Il ] I 6{1}9,, +a™ ¥ =0; 6b) a=42m,E/h
H X

Ansatz H: TYW=B-¢“+C-e fae
v Ansatz [: 8)¥W=D-e’

b Y Ansatz I': 9)W=A-™
A,B,C,D from continuity conditions for ¥and (0¥ /dx)/m; at x=0 E
and at x=b Characteristic equation. Solutions for A-D only, 10) — = @
if Det(coeff.)=0 . Solutions for a Ve 2m,V,

result in discrete energy niveaus (similar behaviour as infinite well):



KI‘E]HiE-PEH ny M odel : (R de Laer Kronig W.J. Penney, Proc. Roy. Soc. London A130, 499 (1930) )
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Potential : 16) V(x)=V(x+a)=...V(x+na)

Wave function: 17) W(x)=u(x)-e™
18) u(x)=u(x+a)=..u(x+na)
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Kronig-Penney-Model : (Barrier width and height ¢ remains finite)

Schridinger equations in I and 11 :

W(x)=u(x)-e™

I:—c <x<0: 19a) i?+¢mgﬁ—uﬁ+kﬁu=m,lwq B=2m,(V,—E)/h
X CxX

2
af+ﬁk@

+(a*—kHu=0; 20b) a=.2mE/h
ox ox

I:—0 =x<b: 20a)

Ansatz I: —¢c <x<0: 2I) W = (.o P L . e Ak
Ansatz 11:—0 <x<h: 22) W=A.-"“" § B.g e
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Kronig-Penney-Model: (Barrier width and height ¢ remains finite)

Boundary conditions : Periodicit v of u:
continuity at x =0 25) u(x)=u(x+na)
23a) u(—x)=u(x) 4 equations for A, B,C, D (see exercises)
24h) cu(—x) _ cu(x) for non—trivial solutions u =
ox o 26) Det(A,B,C,D)y=A= 0

Introduction of an auxiliary function L(E/Vo) :

27) L=t 2 ik \/2?” (1-E/V,)-c |-sin szp” (E/V,)-b
) ;

2\J(EIV,)-(E1Y, h?

+ cnshN 2’;;’1] (1-E/V,) .c] : msu 2’:;;” (E1V,)- h]

28) k(g)=l-amcns(u£fm) (em™)

a

Condition A= 0 gives now:
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Semiconductor Band Gaps




Heterostructures
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The Quantum Well
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Fabrication of Wells
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Fabrication of Dots
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RHEED Imaging
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AFM Pictures of Dots



The Quantum Dot
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Quantum Dot Growth
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Cylindrical Model'
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Photoluminescence
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Experimental Setup
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Photoluminescence (PL)
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