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metallurgical junction
* In thermal equilibrium, the Fermi level is condt#tiroughout a system. If 2
systems with different Fermi levels are brought icbntact, electrons will diffuse
from the higher Fermi level system, to the lowee ao fill empty states

Anode Cathode

:

pn-junctions

* e.g. pn-junction — provides characteristics needed fotifiers, amplifiers,
switching circuits etc. Formed from single crysiawhich the two halves are
differently doped.

» Consider a step junction between the two regibasare uniformly doped — initial
very large change in density gradient of both etecand hole concentrations.

e Majority carrier electrons (from n-region) willfelise N,
into p-region and recombine with holes, and majc hole diffusion
carrier holes will diffuse into n-region and recdne T

Ny

—

<
electron diffusio

» Positively-charged donor atoms and negatively-g -
behind— this net charge induces an electric field arotmedmetallurgical junction

http://britneyspear s.ac/physics/pn/pnjunct.htm
.edu/hbase/solids/pnjun.html

http://en.wikipedia.or g/wiki/P-n_junction

http://en.wikipedia.or g/wiki/Diode http://hyper physics phy-asir .
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pn junctions

» The region around the junction
becomes charged and depleted of free

*Diffusion force" on holes ——

«—— "Diffusion force" on electrons

Efield force on holes ~ —— ——=  E-field force on electrons.

space
charge
region

charge carriers: “space charge” or
“depletion” region — the region acts
as an insulator.

carrier concentration
[log scale]

» Density gradients still exist in the

neutral region . neutral region
[ — 1
| —|

majority carrier concentrations at
edge of space charge regién
produces a "diffusion force” that acts
on the majority carriers

» The junction is in thermal equilibrium
when, with no voltage applied, the
“diffusion force” and E-field force

ET etectric field

! T Voltage

V' built-in
voltage

balance each other
e - the Fermi level is constant throughout
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Energy bands of pn junctions:
zero applied bias

The n region is left positively charged and ti
p region negatively charged. This results in
lowering of electron energy levels onthe n's
and the raising on the p side, which causes Gl
€. to be position-independent as required
CB and VB “bend”

Electrons in conduction band of n-region se¢
built-in potential barrier(V,,) in trying to move
into p-region. It maintains equilibrium betwe
the majority carriers in one region, and the
minority carriers in the other.¢. electrons in n-
region and the electrons in the p-region, and
holes in the n-region and holes in the p-region.)

Sinceg; is equidistant from conduction band

e
-

n

(¢s are potentials)

We define the potentials
eq., =&y — & in then-region
e@, = &x — & in thep-region

Note: diagram above is efectronenergy

edge throughout, then levels, sp that a region of low energy, is a
Vi = [@nl+ | @l region of high electrostatic potential.
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Energy bands of pn junctions:
zero applied bias
In the n-type region _
€@, =&k &

Ec — &
N, =Ny =nexp ——— | =nexp
Pl keT
i.e.assume complete ionisation, akg>>n;
— kBT In &
e n

Similarlyin thep- typeregion,

G =

:+k37T|n &
o e n
v, :kBT.n( Nagld}:vt .n[myd)
e n n

(Vbi = |¢kn|+ |¢kn| )
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~(eqr)

kgT

I poee

Po=n ex[{gFi

-
kgT
(slide 107)

whereV, is thermal voltage
Note:change of notation...
Ny is now thenet donor
concentrationn the n-region
andN, is thenet acceptor
concentrationn the p-region
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Energy bands of pn junctions:

reverse bias

silicon silicon
« Diagram shows the energy-band diagram when a r T
voltage is applied to n-region with respect to gioa 1|

negativetermima\' |posmvetermma\
— we are no longer be in an equilibrium condition
and the Fermi Energy level will no longer be . p n
constant. e

— as the positive potential is downwards, then . GI
Fermi-level on n-side is below than on p-side. i

¢ The holes in the p-region are pulled away from thwgpp
junction, causing the width of the depletion zome t
increase. Similarly, because the electrons wib his
pulled away from the junction. Therefore the spac
charge region widens, and does so increasingly w
increasing reverse-bias voltage. This increases th
voltage barrier causing a high resistance to the fl
of charge carriers thus allowing minimal electric
current to cross the p—n junction.

* Vi = Vit V,,i WhereVyis the applied reverse bias

total

&

i
IV characteristics
of a pn-junction

. i o diod
voltage andv,; is the thermal equilibrium built-in roce
potential.
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ElementaryOptical Properties of Semiconductors
(see also PHY3129 Device Physics)

« Possible photon-semiconductor interactions: Véttice, impurities, defectand
valence electrons

< If enough energy is imparted to elevate electromfvalence band into conduction
band-> Opticalabsorption to generate electron-hole pairs “excess carrier
concentrations”.

* Recombination = emission of a photonUM INESCENCE

» Optical energyl{v) absorbed in a semiconductor generates excessogldwle
pairs producing “photocurrents”. The output terafsnof a solar cell are connected
to a resistive loaed electrical power.

« Photodetectoralso convert optical signals into electrical signaphoto-generated
excess electron-hole pairs change the semiconduoboductivity (measured as a
change in current). A photodio@ea pn junction with reverse bias voltage applied:
excess electron-hole pairs created in the spaagiehagion are separated very
quickly by electric field> photocurrent (proportional to photon flux)

< Inverse of photodetector @ectroluminescencehis is the process of generating
photon emission when the excitation of excess &-pairs is a result of an electric
current caused by an applied E-field. If a “fordiias” voltage is applied across a
pn junction then electrons and holes injected acspsice charge region where they
become excess minority carriedsthey diffuse into neutral semiconductor and
recombine with majority carrier® if direct bandgap material, then a photon is
emitted (Light Emitting Diodp
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Fundamental (optical) absorption, and absorption

coefficient
llluminate semiconductor with light —photons = Ao
either propagate through semiconductor or are % v
absorbed — depending on photon energy and = A &g
magnitude of band gap. " H L

(a) If photon energiv < &;then photons not o

readily absorbed — light fransmitted. @ b (o

(b) and (c) Ifhv= or >¢,: photon can interact

with electron and may elevate it into conduction Any excess energy will give electron/holg
band. Electron created in CB and hole in VB - amdditional kinetic energy which will be
electron-hole pair (photon absorbed) dissipated as heat (c).

I(x + dx)

« |, intensity of photon fluxis frequency) (units of energy chs?) 1,(x)

» Energy absorbed per unit time in distadgés al,, (X)dx
where ther is the absorption coefficient: the relative numbger dx
photons absorbed per unit distance-ftm

_ _dL)
L Oerd =1, () == = dx=—al, (x)dx And hence, 11,(0) =1, then

i, (%)
2 =gl (X =
o (%) 1, (X) =1,,exptax)
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Electron-hole pair generation rate

* The rate at which energy is absorbed per unitelisal (x). If we assume one
absorbed photon at an enefgycreates one electron-hole pair, then the generat
rate of electron-hole pairs is:

G= al,(X)  units: number per cthper s

hy

» If on average, one absorbed photon produceshassane electron-hole pair, then
this equation must also be multiplied by an efficie factor,/}

» Absorption coeff. ¢) is very strong function of photon energy and bgagd energy

Consider this:
Why is there a| ,— GaAs
» Probe band structure by measuririgsorption spectrunie. e
use beam of photons and study changes in trandmétiation. A | o
§ 10 20K
« Fundamental Absorption: i.e.excitation of an electron from ©
valence to conduction band, manifested as a réggdmr absorption: e I 1w
estimation ofnergy gap can be made usirgpsor ption edge. i
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