ECE 656: Fall 2009
Lecture 28 Homework SOLUTION

1) Repeat the derivation of the current equation presented in L28, but this time,
doitin 3D.
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Now summarize:

The z-component of the total momentum density:

oP(Fit) 0 P
o ax,.( W)= ndE. (z,)

The jth component of the total momentum density:
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Or, in vectorial notation:

@ = —V-(ZW)—an—m

!

Now convert this to a current equation:
P=n(p;)=nm’(v;)

g = (—q)n(vj>

With this, the momentum balance equation becomes:

aJnj(f,t)zz_c{anj +nqjg_ J
ot m o, m ' (r,)

Now solve for the current:

a‘]nj (F’t) _ l’lq2 <Tm> 2q<Tm> a‘/VU
Jnj + (Tm> ot - m* Ej + m* ax,.
Define:
u,= q<TfZ’>
m

Simplifying the current equation:

Assume:

(T,JW <<J,

Lundstrom ECE 656 F09 2



Then look at W:

Wxx ny sz
W} = W)’x W)’y WyZ
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W, = 3 010
0 0 1
W, =-—96

If we further assume:

W =nu
where

3
uZEkBT

(which ignores the drift energy)

then
jﬂ = nqun?+ D,ﬁn

where
D = k,T

n n

q
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