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An electric field applied to a semiconductor will produce a force on electrons and holes so that they
will experience a net acceleration and net movement, provided there are available energy states in the
conduction and valence bands. This net movement of charge due to an electric field is called drift.

The net drift of charge gives rise to a drift current.

Drift Current Density

Drift current : the net drift of charges due to the electric field

Jarf = pug

For hol —

vgp - drift velocity of hole
Ugp = (pE 1, - hole mobility

Mobility : determine how well the charged particle will move due to an electric field

vq - drift velocity

F = m;a — ¢E Jpiary = (ep)vg, = e, pE

Similarly, for electrons Ugn = —M,E Jnidry = PUan = (—en)uy,

Jnldrf = (—en)(—pu,E) = ep,nE

Table 5.1 | Typical mobility values at 7 = 300 K and low doping
concentrations

Total drift current density :

., (em?*/V-s) ©, (cm*/V-s)
Jdrf = e(unn + //Lpp)E Silicon 1350 480
Gallium arsenide 8500 400

Germanium 3900 1900
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Drift Current Density

Drift current : the net drift of charges due to the electric field

For holes, Joiars = (€p)ugy

Udp = nupr

v - drift velocity of hole

#, * hole mobility

Jarf = pug

p . charge density

vy - drift velocity

Mobility : determine how well the charged particle will move due to an electric field

F=m"a = ¢eE

D Jpldrf — (ep)Udp - e)u'ppE

Similarly, for electrons

Ugn = _//LnE

Jnldrf = PUgy = (—en)uyy,

Jnldrf — (_en)(_MnE) — e,u”nE

Total drift current density :

Jary = e(ppn + 1y p)E

Table 5.1 | Typical mobility values at 7= 300 K and low doping
concentrations

., (cm?V-s)

Silicon 1350 480
Gallium arsenide 8500 400
Germanium 3900 1900

©, (cm*V-s)
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Fig. 16 Mobility of electrons and holes in Si as a function of temperature. (After Ref. 41.)

The measured slopes are different from -3/2 because of other scattering mechanisms. For these
pure materials, near room temperature, the mobility varies as T-24? and T-229 for n and p-type Si,
respectively.

(Sze 31 edition)
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p majorlty carrier Figure 5.5 | Bar of semiconductor material as a resistor.



AFXR ]2 24
Gwangju Institute of Science and Technology

Velocity saturation

At low field :

At high field, velocity is saturated - the
current density is also saturated.
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Electric field (V/cm)
For GaAs, the mobility is higher than silicon.
At low field, the situation is same as the case of silicon.

As the field increases, the differential mobility is negative!! - negative differential
resistance..

At lower valley, the effective mass is 0.067m,, and the effective mass is 0.55m, at
the upper valley. (Small effective mass leads to large mobility)

The intervalley transfer at high field, results in the decreasing average drift velocity
of electron
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Diffusion Current Density

Diffusion : Flow of particles from a region of high concentration toward a region of low concentration.

€ |
dn g |
Juxidif = €Dy — D, : electron diffusion coefficient X Electron flux
= |
dx 3 : — Electron diffusion
dp S : current density
Jpxiaif = —€Dp —— D, : hole diffusion coefficient g!
dx 31
!
|
e
. (a)
Total Current Density
ol
g’ : Hole flux
dn dp 5!
J =enp,Ex +epuyEx +eDy, — —eD),, — e I Hole diffusion
dx dx S | current density
2
Z |
J— |
J=enp,E+epu,E+eD,Vn —eD,Vp e
(b)

Figure 5.11 | (a) Diffusion of electrons due to a density
gradient. (b) Diffusion of holes due to a density gradient.
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Induced Electric Field

Nonuniformly doped n-type semiconductor in equilibrium

—>Fermi energy level is constant

—> Diffusion of majority carriers

. . E
—> Separation of positive and negative charge induces an electric
field in a direction to oppose the diffusion process

—> The induced electric field prevents any further separation of
charge (the mobile carrier concentration is not exactly equal to the Figure 5.12 | Energy-band diagram
fixed impurity concentration)

1
¢ = +E(EF — Epy)

g = Ry E:Xp|:
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for a semiconductor in thermal
equilibrium with a nonuniform donor
impurity concentration.

d¢ 1 dEp ¢ : electric potential
E, = ——- —— :
' dx e dx E, : electric field in one dimension

i N, -

} ~ N, (x) Ep— Ep— len( d(x)) _dEp; _ kT dNy(x)

R dx N;(x) dx
I dNg(x) Induced electric field due to the
Ny(x) dx nonuniform doping concentration.
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Einstein Relation

Nonuniformly doped semiconductor in equilibrium. (no external forces)

- No electron and hole current !!

dn aN,
J, =0=enu,Ey + eD, - J, =0 =eu,NyxX)E, +eD, a(x)
X
kTN 1 dNy(x) dN,;(x) kT 1 dNy(x)
= — —_— D EK = — e
0 e’“‘”N"(x)( P )Nd(x) dx : ( ¢ ) N,(x) dx
— D, kT D, kT D, D, kT The diffusion coefficient and mobility are
W, e Hp e Un  Mp e not independent parameters!!

Table 5.2 | Typical mobility and diffusion coefficient values at
T=300K (u=cm?*V-s and D = cm?s)

“-m Dn l-lfp Dp
Silicon 1350 35 480 12.4
Gallium arsenide 8500 220 400 10.4
101 1900 49.2

Germanium 3900
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The Hall effect is used to distinguish whether a
semiconductor is n-type or p-type and to measure the
majority carrier concentration and mobility.

Magnetic probe : measure the magnetic flux density.

The force on both electrons and holes is in

F= qu x B the (-y) direction

The buildup of positive/negative charge induces an electric
field ( Hall field ) in (+y) direction to exactly balance out the
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force due to the magnetic field.

F=glE+vxB]=0 gEy = quy B;

Hall Voltage: Vy = +EgW i‘j Lsirzzfiigr\]’em Vi = v, WhB,
For p-t I Ly v B I, B,
- v = — = — . _=
PR T e T epy (W) T epd T T eavy

I, B. I B;
For n-type, == n=-
orn-type, Vy — Ve
For mobility J. —e E I, epu,V, _LL
measure, . PHpSs Wd L Fo epV, Wd

V, >0 - p-type
V, <0 = n-type

Carrier concentration is
determined from current, B-
field and Hall voltage.

I.L
enV, Wd

Hy =
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Hall voltage can be measured externally and is given by

J B W
Vy = W = =—
qp
When scattering is taken into account, the Hall voltage becomes
Vy = Ry B,W
Where R, is the Hall coefficient and is given by
RH = r—H P »>n,
q9p { r2>
_ Ty With a Hall factor ~ rp = —
Ry = ~gn n>p, <Tm>2

The parameter t,,, for the Hall factor is the mean free time between carrier collisions, which depends
on the carrier energy.

ry = 1.18 for phonon scattering and r,, = 1.93 for ionized-impurity scattering.

In general, r lies in the range of 1~2. At very high magnetic fields, it approaches a value slightly
below unity.

(Sze 31 edition)
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Hall Measurement
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