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the four balance equations
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outline

1) Carrier Temperature and Heat Flux
2) Balance equations in 3D
3) Heterostructures

4) Summary
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electron temperature

Electrons gain energy from the electric field.
Electrons lose energy to the lattice by inelastic scattering.

If the electric field is high, electrons will gain energy faster
than they lose it to the lattice.

Under such conditions, the electron energy > lattice
energy.

If we measure the electron energy by a “temperature,”
then the electrons are hot.
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electron temperature
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electron temperature
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W,

therma

 >> Wi

10* 10°
(Vicm)->

Lundstrom ECE-656 F09



heat flux
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heat flux
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heat flux

F,=Wo, + an*<cz>udX+ nL%m*<czc> L, =V, +C
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energy balance equations
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energy balance equations
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heat flux

1 .
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W=n, (i mu, + 1 kBCj
2 2 f(K)
ar
~—K —
O “adx
but more generally s
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g ax (or displaced Maxwellian) is 0
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Q and |,

does @, = /,?
N-type semiconductor
<€ {X
O >
> X
l,=n1>0 Q.<0

Mark A. Stettler, Muhammad A. Alam, and Mark S. Lundstrom, “A Critical
Examination of the Assumptions Underlying Macroscopic Transport Equations
for Silicon Devices,” IEEE Trans. on Electron Devices, 40, 733, 1993.



outline

1) Carrier Temperature and Heat Flux
2) Balance equations in 3D
3) Heterostructures

4) Summary
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review. pn homojunctions

potential must
decrease

EC Ec
E.,
=3 E,
E..
3 3

QVe = (EFN — B )/q
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review:

Z(x) =dE_(x)/dx

pn homojunctions
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reference for the energy bands

Eo field-free vacuum level
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local vacuum level

_____ - E,
200 T /Ec(x)= E— 27— GV (%)
E, (X) E,(X)=E, - x—qV(x) - E;

0 X
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Al, ;Ga, -As : GaAs (Type | HJ)

Eo field-free vacuum level
X1
'z

EC I AE.=2,— 1

~(0.23eV EC

“electron affinity rule”
————— E.~1.80eV--—-

5, c -E, ~1.42eV--—----- E,
3 | AE, ~0.25eV =

AE, = AE_ + AE,
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Eo field-free vacuum level
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“band spike”
H Ee
E, ~142eV
E.- J
E,
~1.80 eV AE,
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general, graded heterostructure
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E.(x)=E, - z(x)-aV (x)

E, (X) = E¢(¥)~ Eg(¥)
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guasi-electric fields
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BTE

N oi5ev i+9P ey £ -0
ot dt P
dp d(nk)

=V E.(F)=—qZ (F
it " Ec(F)=—qZ (1)

(constant effective mass)

This equation does not hold when the effective
mass is position dependent. See HW 12.
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alternative approach: hole current

] =pu ) p=N,(x)e& )T F =E 00-kTIn(p/N, )
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hole and electron currents

kT 1 dN
Jpzpqyp{E+Z'QP+ 2”1 V}—qD dp

qg N, dx > dx
“DOS effect”
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guasi-electric fields
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guestions

1) Carrier Temperature and Heat Flux
2) Balance equations in 3D
3) Heterostructures

4) Summary
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