Lecture 10

Carrier Action

Please use this power point as a guide to reading the textbook.
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non-degenerate

n = N.exp(—B(E. — Er)) np = n;p;
B

p = N,exp(— (Ep — E,))

Law of mass action

Ve n; = p; = Neexp(—08(E. — E;)) = Nyexp(—0(FE; — E,))
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n = n;exp(f(Er — E;))
p = piexp(B8(E; — Er))
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Fermi level

n =n;exp(8(Er — E;))
p=piexp(B(L; — Er))
P

E.+E, 3 m
E;, = 5 + EABTIH (-m;;)
n p
n; Di

We know n, p (previous two slides), and so we know Er completely!
For example n-type, moderate T: Ep = E; + kgT In (Z—D)

p type, moderate T: Er =~ E; — kgT In (M)

ni
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Fig. 5.6 Variations of (a) the Fermi level x and (b) the electron and hole concentrations
(note the logarithmic scale) with 1/T for an n-type semiconductor containing a significant
number of acceptor impurities. The figure was calculated for a germanium semiconduc-
tor with Ny, = 1022 m ™3, E;, = 0.012eV, N, = 10>* m 3 and E, = 0.010 eV; the scale at

the top shows temperature values for this case
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Current Density

* The Current Density I <«
|
/= @'I 3

e Current can be large for large crossecton wire
(large “gauge” wire).

* The intrinsic quantity to compare different
materials with is then Current per crossection,
l.e. the current density.
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Ohm’s Law

Current and voltage

|
G =75
AR
= V=1IR R = resistance ((1)
)
= | =V/R=GV G = conductance (5 =S)
d J=0E o = conductivity (S/ m)
R=__-= E=V/d, J=1/A PN 1
. E=J/o=p) p=resistivity (A m) 0= —
—> = Common unit = ufl cm, mflcm S
A

d
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Multiple Carriers

* |f there are two types of carriers
then

A. their resistivities add up

their conductivities add up
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Mobility

e Conditions for a good conduction of current
1. Each charge carrier is efficient. ) ﬁ -
Mobility (uy, or up) § 1/1 s C .
2. Lots of charge carriers. Z ﬁ,ﬁfcjs

Density of charge carriers (n or p) CDHQ/RC#.V/.%/V
3. High electric field

0 = eUpn + el,p

 The current density
] = (e.unn + eﬂpp) E
C mm m?

. . cm
unit = — = —  standard unit =
m<s C V Vs Vs

2
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Drift Velocity

* Drift velocity

* The average velocity gain of charge carriers due to
the electric field.

e Quite smaller, usually, than the average speed of
charge carriers at equilibrium.

Uyt
* ] =nevyg, +pevy, Q @%15’>

 Comparing with the last page
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Drift Velocity

A. Is on the order of the actual average speed of
each charge carrier in magnitude

B. Is much greater than the actual average
speed of each charge carrier in magnitude

@ Is generally much less than the actual average
speed of each charge carrier in magnitude
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“Drude” Theory of Conduction

* Consider the carrier distribution as a entity whose
drift velocity has a “decay time” of 7, like a
radioactive particle that decays. T = relaxation
time due to scattering of the carrier by impurity,
lattice vibration, other carriers etc.

d . _
. ;td | de = 0, if left alone = v4(t) = v4(0)e /7.
: . . (4
* If driven by a field, mn( 7d vd) — eE. FurTALL
dt T miC ro
E fCOP'fC.
+ In steady state: v; = — and so (U, = — 279 / V’/

my, mo_g_ Mo,
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Mobility

* Mobility is due to the combination of two
factors
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Multiple Scattering Mechanisms

* |f a carriers goes through multiple
scattering channels (with
impurity, phonons, or other
carriers), then

their resistivities in different
channels add up

B. their conductivities in different
channels add up
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Matthiessen’s rule

* Probabilities add up for a given carrier (e or h), if

scattering processes are independent.

+ = (ipariey G +(3)
T T/ impurity T/ lattice vibration T/ other carriers

dt . p rob»b/ny
1 1 1 1 —_
- = + + T ot , .
2 Himpurity Hlattice vibration Hother carriers S C.Jd'er 7~
even f-c‘
_ dwnrin t
R = Rimpurity + Rlattice vibration + Rother carriers g

e Itisa “rule” not alaw —which means that it can
and does break easily. Scattering processes are
not independent.

4/28/2011 UCSC, Phys 156, Spring 2011 16



