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Outline

1) Calculation of density of states
2) Density of states for specific materials
3) Characterization of Effective Mass

4) Conclusions

Reference: Vol. 6, Ch. 3 (pages 88-96)
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Density of States

A

E
/\ A single band has total of N-states
Only a fraction of states are occupied
\ / How many states are occupied upto E?
Or equivalently...
How many states per unit energy ? (DOS)
W

>

k
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Density of States in 1-D Semiconductors

States between E,+AE & E, = 2XA5—T<

Ak
27t/ Na

=2X

States/unit energy @ E, = Na Ak

7 AE
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1D-DOS 1
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States/unit energy @ E = Na Ak

21,2 * .
e g -k :>k:\/2m (E-E,)

T oom B2
d_ [
dE \2n°(E-E,)
States/unit energy @ E = L m
7\ 2n* (E—-E,)

States/unit energy/unit length @ E

1 m
= DOS =—
ﬂ\/ZhZ(E—EO)
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1D-DOS

Conservation of DOS
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Density of States in 2D Semiconductors

Show that 2D DOS is a constant independent of energy!
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Density of States in 3D Semiconductors

States between E,+AE & E, Macroscopic Sample

) -/

4 3 3
_72'(k+dk) —37zk v r H =7
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States/unit energy @ E =—k °
27 dE 2n/H|
A7 2n/W
2|2 2m' (E—E : -
E—Eozhk*:k:\/m(z o) _, K _ _m 2n/L.
2m h dE |\ 27’ (E-E,)
k
K+dk

States/unit energy/unit volume @ E,
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m

DOS = J2m' (E-E,)

27 h°
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3D-DOS

Conservation of DOS
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2) Density of states for specific materials
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Density of States of GaAs: Conduction/Valence Bands

_m:\/Zm:(E—EC)

P
QC(E) 2 273 0 ? 0

S
m;h\/zm;h(E_Eu) ? ;%
27 h°
gu (E) = 4 ) _ O_ _O
m,h\/2mIh (E-E,)
\ 27 h° BS




Four valleys inside BZ for Germanium
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\
Ellipsoidal Bands and DOS Effective Mass

K const. E
B h2k12 N hzkz2 N hzk32 2

2m, 2m: Zm: E=const. ellipsoid
_ * k12 ) * k22 ) k32
2m, (E-E.) 2m, (E-E.) 2m, (E-E.)
hZ hZ hZ
o’ \,3/ Transform into ...

4 3
%:Ne( o3 j __”keff

h2 hZ hZ

. 4ﬂ\/2mj(EEC)\/zmj(EEC)\/ij(EEC)Egﬂ[\/zm;ﬁ(EEC)T

m:ﬁ _ N 2/3 (m*m*z)l/B
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DOS Effective Mass for Conduction Band

m.., =4%° (m m*z)]/3

* . 2/3 * *9
meff =6 (ml mt )

13
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/
Measurement of Effective Mass

v,=24 GHz B field variable ...
(fixed)
‘ E C‘D% |
hn I out
m* qBCOH
A K

lout' hn

K con




g Motion in Real Space and Phase Space

Energy=constant.
X Liquid He temperature ...

k

(k. 0) v
(Ok,)
y

>/T k"
(-k.0) (0-ky) k,
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qB,

Derive the Cyclotron Formula m* =
27V,

For an particle in (x-y) plane with B-field in z-direction,
the Lorentz force is ...

B
m* v°
: =(qux B, =quB, C‘*D/
0
D= 4B,
m*
2rry  2zm*
T = =
v qB,
VO El — qBO
T 2zm*
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Effective mass in Ge

I

/1 [111] [111] [111] [111]

[m; 1 1 i] [111] [ili] [111]

4 angles between B field and the ellipsoids ...
Recall the HW1
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Derivation for the Cyclotron Formula

1 cos’d sin’d .
— G th d three 0,
Show that - = —+ iven three m_and three

m m, m,m, we will Find m,, and m,

C

The Lorentz force on electrons in a B-field

do
F=qguxB=(M|—
In other words, B
«d
F,=q(v,B,—0v,B,)=m d‘;x CD/
L do
Fy:q(Usz_Usz):mtd—ty
«~ do,

F,=a(vB,-v,B,)=m -
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Continued ... ‘

Let (B) make an angle (0) with longitudinal axis of the
ellipsoid (ellipsoids oriented along k)

By
B, =B, cos(8), B, =0, B, =B;sin(0),
Ky
Differentiate (v,) and use other equations to find ...
dZUy 2_0 th 2 -26 2 29
i +u,0° =0 with o =[a)tw, sSin“ 8+ w,” cos ]
B B B
(()O:q*o C()tEq*o a)lEq*o
m m, m,

1 sin29+00529
so that ... (m* )2 mm | mZ
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Measurement of Effective Mass

.\\ B=[0.61, 0.61, 0.5] /
1101 [N N A
% f I a s 5 3 Meaasured at
™ Y L g E 8 3 2.4 x 1010 Hz
s | [111] ® o| o T Bin (110) plane
- % ® : ’\ making an angle
[ill] o | _ : of &0 with [001]
5 3 : | axis
— = i 'i \
i o
Ge 0038 0.1 0.2 0.3 0.4 05
Magnetic field in webers/m®
gB
2 - 2 ree peaks , B, c =
1 cos*@ sin‘é@ Three peaks B, B,, B; =
S = >—t Three masses m_;,m_,m_ °
m m M m )
c t T Three unique angles: 7, 65, 73

Known 0 and m_ allows calculation of m, and m,.
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Valence Band Effective Mass

T .
8 5
B = E g Measured at
3 E 8 i 2.4 % 1010 Hz
m (=]
@ | o T Bin (110) plane
® | ' | making an angle
& [ | of 60° with [001]
' [ axis
J /A I NG
. |
o ! ILF!}.EE

0038 0.1 0.2 0.3 0.4 05
Magnetic field in webers/m®

HW. Which peaks relate to valence band?
Why are there two valence band peaks?
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Conclusions

1) Measurement of Effective mass and band gaps define
the energy-band of a material.

2) Only a fraction of the available states are occupied. The
number of available states change with energy. DOS
captures this variation.

3) DOS is an important and useful characteristic of a
material that should be understood carefully.
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