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Quantum Wells, Wires, Boxes: Density of States

. Bulk material e

Volume in k-space per state: (2;1,![,)3

Volume in k-space occupied by states with energy less than E:
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Number of electron states in this volume:
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Density of states with energies between E and E+dE per unit
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2. Quantum well

%,

Area in 2-d k-space (i.e., k k) per state: (2;; ,fL)E s R

Area in k-space occupied by staes with energy less than E :
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A = k> where k= E_T‘JE‘EH—EE, and Eﬂ:ﬂh*i
h 2m d
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Number of electrons in this area in band n:
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N (E) =2

Density of states in well band n between E and E+dE per unit
area: .
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3. Quantum wire

*k

Distance in k-space per state: 21/

Distance in k-space occupied by states with energy less than E

2el 2 2
L =k where k= E—T\/E— E -E.,and E_ = " H* .?12 + mz
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Number of electron states in this length in band n.m:
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Density of states in wire band n,m between E and E+dE per unit wire
¥

length: | dN. (E) 1
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w(r)=F(x,y,2) E,6,=E+E, +E, =

4, Quantum box

In this situation the density of states is simply the number of states
per box, which is 2, at each possible discrete energy level, E .
times the degeneracy of that energy level, i.e, the number of com-
binations of n, m, and p that result in the same value of E__ .
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Density of states
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Confronto DOS Bulk vs QW
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Interband optical transitions

Conduction band Subband dispersions
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Assorbimento, Emissione: joint DOS
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Assorbimento, creazione di elettrone e lacuna
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Elettrone e lacuna si attraggono e possono formare un eccitone
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Atomo di idroge_no Ry = 8€?h2 =13.6056923(12) eV

Py, .
; X :

2 ; I

|

l

I

I

I

|

i | m[mlnl IQL LLI | | ||||

1 aaaaaaaaaaaaaaaaaaaa

ag = 0.0529 nm :

R , . .
Ame h . 4ne e Em,
ao — > —— Clo — P = Clo "
m e mee me
* 4 %

Ry m 6 _ Ry* B mee — Ry m

271.2 — —

8€°h 8(e.e)h? m, (€°)°



2-D and 3-D Excitons

+ Energy levels: bound states and continuum

1y

Frn=
B ﬂ2

(3D)

Ry
Fp=-—
B (n—1/2)2 (2 D hydrogen atom)

+ |onization energy for ground state exciton in 2D case is 4 times
larger than it is in 3D case. Therefore in QW, it's easier to form
bound exciton states.



Elettrone e lacuna si attraggono e possono formare un eccitone
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Absorption Including Coulomb Interactions
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Tunabilita dovuta al confinamento
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Picco di assorbimento
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