Transport Properties of Solids:
Carrier Transport Phenomena in Semiconductors
Net flow of electrons and holes creates currentgeretare two such transport mechanisms;

DRIFT andDIFFUSION. Carrier transport phenomena are the foundatioddtermining
the semiconductor’s current-voltage characteristics

Temperature gradients can also create carrier menvirut since semiconductor devices a
small, this effect can usually be ignored. We aglsume thermal equilibrium only.

Drift Current

An applied E-field will produce a force on electscend holes so they will experience net
movement provided that there are available engmggsinto which they may move.

The resultingdrift current is a function of concentration of mobile electramsl holes and
net drift velocity of these charge carriers

Average drift velocity is related to the electrield by a parameter calledobility.

Mobility gives an indication of how well a carrieroves through a semiconducta charge
carriers do not move totally unimpeded. They awlved with collisions with
semiconductor atoms and ionized atoms.
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Drift current density and mobility

» Consider a volume of positive charge denBityoving at an average drift velocity
Vg Then the drift current density is given by, = Ry, (3 has units of Amps/c

* If the volume charge density is due to holes, thgp . . = (ep)v,, (1)
« Equation of motion of a positively charged holeimE-field is F = m?a =ekE

» Due to collisions with impurities and lattice, @eity of charged particles does nof
increase linearly with time.

» Hole accelerates due to E-field, collides, andésoat least most of its energy. It
again accelerates and gains energy and is invaitvadother scattering process e

» Overall, the particle will gain an average dri#acity, which for low electric fields
is directly proportional to E —
Van = HyE

whereyis the proportionality factccalled the mobility (units of cnd V-1 s1) — it

describes how well a particle will move in an Bedie

ENETER PHY3102/3305 Solid State Physics | — 2009/10 Slide 15-2
Dr A P Hibbins

o



Drift current density and mobility

» By combining the above expression with (1) on res slide

Jhar = €U, PE
i.e. Drift due to holes is in SAME direction as aplfied E-field

+ Similarly, for electrons _ _ _
‘]e,drf - |:\)Vde - (_en)vde Vde - _lueE

‘Je,drf = (_en)(_:ueE) = eluenE

Note: net motion of electron is opposite to E-fidlcection.

* Hence conventional drift current due to electrsnslso in theSAME direction
as applied E-field — even though movement is inojyeosite direction

» Both electrons and holes contribute to drift cntyéence totadlrift current
density is

Jar =N+ 4, P)E
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Mobility

A dc electric field does not produce a steadily He o
increasing current because of collisions with ttéde (emPVist) | (en?Vis?)
vibrations (phonons) and impurities/imperfections. | Si 1350 480

dv v GaAs | 8500 400

. O _
We therefore write ot +T =€k Ge 3900 1900
ch

Typical mobility values at 300K and low doping concentration|

The effect of the second term in the bracket isatasev to
decay exponentially to zero with a time constafmhean time
between collisions) when the field is removed.

v is the drift velocity i.e. the additional veloci#igsociated with departure from therm
equilibrium given by the Fermi distribution funatio

For a dc electric field only, the above equatios the steady-state solution (for holeg
— eTch
Vi, = —0 E
m,
EXETER PHY3102/3305 Solid State Physics | — 2009/10 Slide 15-4

Dr A P Hibbins http://en.wikipedia.org/wiki/Drift_velocity

al

~




Mobility

Solid lines shows random thermal velocity of a _
hole with zero E-field. :

Mean time between collisions 73,

Apply small E-field (dotted line¥> net drift of
hole in same direction as field.

S . - h - ez—ch
Hole mobility is therefore given by#n — E - m?
And similarly for electrons U = €l
(where is the mean time between ¢ meD

collisions for an electron)

There are TWO collision (scattering) mechanisnat ttominate in
semiconductors:

— PHONON or LATTICE scattering
IONISED IMPURITY scattering
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Scattering Mechanisms

For T > OK, atoms of lattice have thermal enetgt tauses them to vibrate -
disrupts perfectly periodic potential used in earéinalysis. Such a perfect
periodicity would otherwise allow electrons to maw@mpeded.

Vibrations in lattice results in interactions beem electron/hole and atoms —
“phonon scattering”. Scattering theory states, t& drder, tha P 07192
L

Impurity atoms are ionised at room temperaturthaba Coulomb interaction exis
between electrons/holes and ionised impuritiesedtilts in scattering, and also
alters the velocity characteristics of the chargeiers. To first order:

T2
(whereN, = N; + N is the total ionised impurity concentratiovffl O N
|

i.e.For lattice scattering: the probability of scattering occurring increases$eanperature
increases, and therefore mobility decreases .

And, forionised impurity scattering: If T goes up, the random thermal velocity of a carrie
increases, reducing the time the carrier spentfeinicinity of the Coulomb force, reducin
the scattering effect and increasing the mobillfylN, goes up, then probability of scatterin
also goes up, and value gfgoes down.
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Mobility

If 7, is mean time between collisions due to latticeteda, therdt/ 7; is the
probability of a lattice scattering event occurringimedt. Similarly for ionised
impurity scattering,.

If the two scattering processes are independeen, the total probability of a
scattering event occurring in tinois the sum of the individual everits.

dt _dt  dt

—=—+— (Matthiessen’s Rule)
r 1, 1,

Hence, comparing this with equations on slide 5.5

1_1.1  whereuis the net mobility.
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