pn junctions
Reference: Handout 3; Pierret Ch. 5-6

We will study
—* Electrostatics and band structure
—* The effect of bias
* The ideal diode equation
.— * Some examples of diodes
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pn electrostatics

What diffusion and drift to you expect at a pn junction?

]

“metallurgical junction”

Department of
Materials Sclence
and Engineering



Carrier concentrations

P? JO‘L» [ conc;l

N 0 Ip> Pn

2 holesr duffure
G e dbfuste
ND< '\J(\

clr:@’# a1 (fudron =0 X —due o Meniud dopaunh

Eqm .

—

T Ndeploted edochrons
deglebed holes

—
Department of
Materials Sclence £ lecime fLe o p ds ]
and Engineering & < A c: A i




Charge density o = Charges/cm? DQP] 2bhon aP'on)(tman\d‘w
I'O's \—
y
| \@\\k
G IN NN )
\ |(;( \ \ dﬂ
'\’n.‘ 10 I(’vv.3 @\ hh(-QOJ Qﬁuc.o
IS
Nig ¢ 10 cm? Nl 10" [em?

Electric field: Gauss’ law
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Electric field: Gauss’ law

Field, V/cm

i dn

X
{meaf —
2 v jem dox €. <985 10 Flom
/ v \CLM%Q dQﬁflkl
g fov &.

8 '~ e .d-l/
Ax

(s

Potential, V

Pwa,boh’c

N

’(

= Vo -fﬁ(ﬂdx

VA (d\’\/) .

VOH-aGc

Department of
Materlals Sclence

and Engineering

S

X

Vl.) -~ OG‘



‘ Lkvels ~ — wlh
Band diagram of a pn junction Chsd i e o
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The depletion approximation

If we assume the depletion region really has no electrons or holes, we

can derive the depletion width and Vo:
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Is the depletion region really
empty of carriers? , log n,p
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Summary

Put p and n type materials in contact: diffusion of carriers leads to

depletion of carriers near the interface and a space charge which
causes an electric field.

The electric field causes drift that balances diffusion at equilibrium.

Assuming full depletion of carriers (the depletion approximation),
from the space charge we integrate to get electric field, then
integrate again to get voltage across the junction. The bands bend in
the depletion region, indicating that an electric field is present.

The built-in voltage is V, = kT/e In (NyN,/n/?)

2¢, e, V, Ny+N,
€ NN,

Next: What happens when we apply a voltage across the pn junction?
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