ECE-656: Fall 2009

Lecture 2:
Sums in k-space /
Integrals in energy space

Professor Mark Lundstrom
Electrical and Computer Engineering
Purdue University, West Lafayette, IN USA
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bulk semiconductor
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bulk semiconductor: x-direction

dk
0 —p— L, =N,a x,k,
Lo k,=!/a

! (x) = u, (x)e g
# of dates = L 2=N,dk

1(0)=1 (L) €= =1 (2//L,)
kL =2j j=123.. Nk:%:dens'ty of sates in k-space
21 .
k, = L—XJ
5 Lundstrom ECE-656 F09

density of states in 3D

(orL,)

N =21 #L, &, #Ly&I #L, &
0c) 2 (g (! g
N, =21 $;' =
I =LLL, S V) P
(0’9) (o)
’ |y 2 0% d’k
) 4] .I!< 4$3 BZ
5

6 Lundstrom ECE-656 FO9




density of states in 2D
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density of states in 1D
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density of states in k-space

1D:
L L
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example:

electron density in 3D
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example: cont.
1 _ 1
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example: cont.
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example: cont.
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(non-degenerate semiconductor)
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Fermi-Dirac integrals

13 1l
A(r,)= 04_)7
Fj( F) " (]+1)0 +e.’#.’p FJ(I)H e.’ I <<1

L(n)=(n"1)! (ninteger) (Er ! Ec)/keT <<1
L (1/2)=v" %?m Fi

I'(p+1)= pl'(p)

+H#

“ ; x'dx
donOt confuse withE. F, (! ) = $lﬁ
0 te

For an introduction to Fermi-Dirac integrals, see: ONotes on Fermi-Dirac Integrals,O
3rd Ed., by R. Kim and M. Lundstrom) https://www.nanohub.org/resources/5475
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working in energy space
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working in energy space
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energy space
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energy space: cont.
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k-space vs. energy-space

k-space:
n=1m 1 (E)=L g (E )Nk om?
_!_R 0 k_!_;$f0 k) Yk cm

3 — !
energy-space:
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DOS: k-space vs. energy-space

17K

2m’

21 /L,

[D(E)dE: N(k)ko

but non-uniformly distributed
in energy space.

Depends on E(K)
(e.g. different for parabolic
bands and linear bands)

—HHHH T &

States are uniformly
distributed in k-space,
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DOS

parabolic bands
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graphene
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other moments of the Fermi function
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suggested practice

1) Work out the moments on slide 25 for T = OK.

2) Work out the moments on the previous page for 1D
and 2D catrriers.

3) Finally, work them out for the conduction band of
graphene to see which ones depend on bandstructure.
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