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Impact ionization

Carriers are accelerated to an energy above the gap before they
scatter. They generate more electron-hole pairs. This results in an
avalanche breakdown of the device.
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pN junction

Isolated semiconductors

p-type n-type

Ec EC ______________________________
EF\_ EF/—
E, E,

E.—E N
=N F c —_F _ _c
EF:EV+kBTIn[mV] " CexP( ke J ek kBTIn[ND]
A

E —E
=N ex v —F
LS

valid for both n and p doping




pN junction

semiconductors In contact
electrons flow from nto p

p-type
E, n-type
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pN junction

semiconductors in contact

p | n

eV, \
/ | E

] |

Built-in voltage

Abrupt junction: the doping changes abruptly from p to n



Built-in voltage V,,
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Vi,
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Can V,; perform work?
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p and n profiles

P ! n

EF
o \
: E,
E —E | E.—E
p=N, expl ———~ | n=N_exp| ———
Ke T Ke T
. depletion approximation
P
Xp X
n
/f »
X, X

depletion region



space charge

p ! n

eVbi \

« eNp

eNp—»

NaXp = NpX,



electric field

« eNp
P +
_Xp ;
- | X X
eN,— "
Gaussslaw V-.E=2 in1-Dis dE:p
£ dx ¢
E
X, X
N/ *en
E= eI\IA(X+X ) / " |Emax|_e ;Xn -
- p

eNp o
y (x—x,)

E pushes the holes towards p and the electrons towards n
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potential
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potential

VvV

v
/ :

electron energies are plotted in band diagram
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Depletion width

N

! e n? 2& 2&

2
Vii = keT In(NDNAj: eN A X; +ENDXrf
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Depletion region —
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light doping => wide depletion width
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Depletion width

P | n

|

| V,; ~ 1V

E; ENS = |

ﬂ\ik W ~ 1um

|
Depletion region — : i E,
— E. . ~ 10*V/cm

Vg, ~ 107 cm/sec
The electric field pushes the electrons towards the n-region
and the holes towards the p-region.

Diffusion sends electrons towards the p-region and holes
towards the n-region.



Abrupt pn junctions in the depletion approximation

In an abrupt po junction, the doping changes abruptly from p to n. It iz commeon to solve for the band bending, the local electric feld, the carnier concentration profiles, and the local conductivity it
the depletion appromzmation. In this approzmation it 15 assumed that there 13 a depletion width W around the transtion from p to n where the charge carrier densities are neghaible. Cutside the
depletion width the charge carrier densities are equal to the doping densities so that the semiconductor is electrically neutral outside the depletion width. Using this approximation it is possible to
calculate the impottant properties of the pn unction,
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Abrupt pn junctions (itterative solution)

In an abrupt pn junction, the doping changes abruptly from p to o The depletion approxumation 15 used as an wubal guess for the carrier density, band bending, and electric field and then these
quantities are refined by solving the Poisson equation itteratively.
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p and n profiles (again)

Knowing the voltage profile we can calculate n and p.
P | n

EVbi \
y | E,

F —v
K, ] n=N, exp(
P A
\ :
A 'Xp X
n /
// R
X, X

depletion region




linearly graded junction

N,-N,
P n
—W2 0 ® | p:e(ND(x)—NA(x)):eax
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Isolation




Solar cell

Nf >Eg

. N
P

Light creates an electron-hole pair in the depletion
region. The electric field sweeps the electrons towards
the n-region and the holes towards the p-region.



Light emitting diode

/hf: Eg

n/

P

Electrons and holes are injected into the depletion
region by forward biasing the junction. The electrons
fall in the holes. For direct bandgap semiconductors,
photons are emitted. For indirect bandgap
semiconductors, phonons are emitted.



Heterojunctions




Bipolar transistor

collector base emitter

A S
e e e

p
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MOSFET

Metal Oxide Semiconductor Field Effect Transistor

SourceT

i) Gate

\

TDmm

X

N+

functions as a switch
~ 1 billion /chip

N

P
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