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p-n junction

nsists of two semiconducting region
osite type with a common interfac

ion, isolation, V-depend

ontact Potential — two unlike metals

1.
ork function = minimum energy Im

ired to remove an e- from a

I 'EF

‘= contact potential difference = Metal 1
elops across the junction (M2

Sample
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A first look at the p-n junction

Imagine joining together the two different types of SC
(perfectly, so XTAL structure varies smoothly at border

A first look at the p-n junction

There are drift and diffusion currents in the materials

A “built-in” voltage difference between the conduction:s
ds of the two materials occurs as the Fermi ener

ion & annihilation! creation of depletic
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p-n junction

. q p-type n-type
ormation of Te) is] s i o ERUNPARREER

Pletion Iayer & ® m e "Pitj'—'o.o.o.o.o/e'ecmn

depletion layer

p-n junction

When we bring P-type & N-type together a
depletion zone is created around the junction
This produces a barrier, blocking charge flow.
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p-n junction

X4
p-type <——= n-type

cathode

Abrupt p-n junction when the doped regions are uniformly doped

The carriers

Carrier particle and concentration

n-type e-’ nn h+l pn
p-type h*, pp e,n,
space

" charge _
neutral region region neutral region

electrons

n-doped

carrier concentration
[log scale]

X
E-field

"Diffusion force" on holes ——— —— "Diffusion force" on electrons
'
'
E-field force on holes ——— ———!  E-field force on electrons
' '
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p-n junction and current

“Xp
Diffusion current

(majority current)
Diffusion particle flow

Diffusion particle flow
Electrons

MNeutral
n-type

region

Drift current

(minority current)
Drift particle flow

Drift particle flow

Depletion width during unbiased

condition l

Ptype )

N-type

9 'J:.. DD
e © E.. 90‘5.
Q E.. 903

9

Q9 Q :°/e°\3: e o

Negative ion  positive ion

Unbiased
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Depletion region

Anode or p-type {—*—\/ Cathode or n-type

Q
+ | ° —
Positive terminal 9 Q 9 Negative terminal
or
Cathode terminal

Negative ion Positive ion
Forward biased
Copyright © Physics and Radio-Electronics, All rights reserved

Depletion region

Anode or p-type ———— Cathode or n-type

(*] 'J: 99| D! ] ]
' i e

o ©ioo|s®

—_— | H 9 —

Negative terminal | < L oo;’ o | Positive terminal

ar
Anode terminal O 9 leplas © @

9

or
Cathode terminal

Negative ion Positive ion
Reverse biased
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. Photodiode

A reverse biased
iode has a small drift

400

600 800 1000

wavelength [nm]

ht emitting diode

forward biased diode
n act as an LED

e enter the CB in
region, the

+

2
p-type —P— e

Oooooooo.'o'.-.-.-.vJ
0/0 o o9

o o o_*
electron
-
® ® ® ® ® ® conduction band
emmmemem=====Fermi level

band gap
{ferbidden band)

Relative Radiant Intensity
o
o

5/9/2019



emiconductor lasers

very high doping enhances carrier
jection
opulation inversion from high bias and E;

s in excited atoms, emitting hw ~ E,
ontaneous emission from unstable

Electrical Lead

Metal Contact

Polizhed End

Junction

Hest Sink
and Electrical
Output Contact

Diagram of Semiconductor Laser
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