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pNn junctions

pn junctions are found In:
diodes — “ ~
solar cells A

LEDs \__ Piype )
Isolation N type

JFETs §
bipolar transistors p type
MOSFETS

solid state lasers
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Equilibrium concentrations, V =0
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Bias voltage, V=0
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Bias voltage, V # 0O

eVb,—kTIn[NDZNA] ko T In No kTIn(I\| ]
ni npO pnO
2

npO ppO = nn0 pnO — nl

log(Carrier densities)

Ppo =N _ V=0
PO 14A nnO o ND
., = N, exp| —oou
2 PP KT
[1/em?®] 10 — N  ex _eVbi
8 pnO A p kBT
2
n.
2 =1 V #
Nn. pnO
p0 N - f . D np(xp):NDeXp(D (ka )]
B

N, (Xp) P (%) P (X,) = NAeXD[_e(Vb‘ _V)]




Forward bias, V > 0

n,(Xp)
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Pn(Xn)

Electrons and holes are driven
towards the junction.

The depletion region becomes
narrower

,06)=Nq exp(‘e(\lf‘{v)]
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Minority electrons are injected into the p-region
Minority holes are injected into the n-region



Reverse bias, V<O

Electrons and holes are driven away from
the junction.
The depletion region becomes wider

,06)=Nq exp(‘e(\lf‘{v)]

L (%) =N, exnﬁ_e(\k/b‘{v)]
Np(Xp) Pn(Xn) 5

Minority electrons are extracted from the p-region by the electric field
Minority holes are extracted from the n-region by the electric field
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Quasi Fermi level

When the charge carriers are not in
equilibrium the Fermi energy can be
different for electrons and holes.
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Student Projects

Write derivation of Vi, , nj(x,), and p,(x,) in mathjax

The electric field can be calculated by integrating Gauss's law for the positive and the negative charged regions,
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Write program to plot n and p with a bias
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Varactor
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Capacitance-voltage characteristics
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specific capacitance C. = Fm

g
Tw

26(Ny + N, ) (Vy V)
eN_N,

abrupt junction: W = £ _
C

a one sided abrupt junction in reverse bias: o+ n

1 2(V,—V)

C? esN,

J




Capacitance-voltage characteristics

a one sided abrupt

junction in reverse !
bias:
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slope gives impurity concentration and the intercept gives V,,



Review of Diffusion
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Injection only occurs at the surface. There the

minority carrier density is p,(0). diffusion length



Diffusion current
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Diffusion current
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Diffusion current

Total current
Hole current / Electron current

Electron current Hole current

(minority) \ / (minority)

Position ———>» x



Diode current

gIVI/kT



Diode I-V charateristics
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Thermometer
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Short diode

n-type d,<<L,
pn(j‘) Metal contact is much closer to the
depletion region than the diffusion
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Diffusion current
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Short diode current
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Real diodes

ol

n = nonideality factor
n =1 for an ideal diode

series resistance

reverse
breakdown
voltage




Real diodes

There is constant | ex eV 1
generatlon/recomb_lnatlon s P nk, T Very high bias: series
of electron hole pairs. resistance

10-1

In forward bias there is an
extra current from

recombination. 1073 | . ..
High bias: ideal
. . B behavior,n =1
In reverse bias there is an
extra current from 2 5L
generation. -
. 1077 |-
Low bias:

recombination -
dominates, n = 2




Zener tunneling

Electrons tunnel from valence
band to conduction band

Occurs at high doping

>t

(Zener diode)
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